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RESUMO

Trindade é uma ilha vulcénica situada no oceano atlantico sul, a 1.440 km
da costa leste de Vitoria (ES), e junto ao Arquipélago de Martin Vaz sdo os
pontos mais orientais do territorio brasileiro. Diversos estudos sobre a biologia
dos organismos que habitam a ilha e o mar no seu entorno ja foram realizados,
contudo nenhum sobre os organismos da meiofauna bentdnica e em especial
sobre os Nematoda. O objetivo desse trabalho foi descrever a estrutura da
comunidade da meiobéntica e das associacbes de Nematoda na llha da
Trindade quanto a composicdo de espécies, diversidade e densidade. As
coletas foram realizadas no inverno (agosto) e verédo (dezembro) de 2014, em
quatro praias: Tartarugas, Parcel, Cabritos e Portugueses ao longo do
entremarés, abrangendo as regides do médiolitoral superior (MLS), médio
(MLM) e inferior (MLI). Para retirar as amostras foi utilizado um amostrador
cilindrico de 3 cm de diametro e 10 cm de comprimento e 0S organismos
retidos fixados em formalina salina a 4%. A cada coleta amostras adicionais de
sedimento foram obtidas para andlise de parametros do sedimento, além da
determinacdo de temperatura e salinidade do local. No laboratorio os
organismos foram separados do sedimento por elutriacdo manual, contados e
identificados ao menor nivel possivel. Para a nematofauna, todos os individuos
por amostra foram isolados, diafanizados e montados em laminas permanentes
e identificados. Para os diferentes grupos de organismos foram realizados
calculos de abundancia (n° total de individuos), densidade (n°. Ind.10 cm),
riqueza de espécies, diversidade (H’) e equitatividade (J’). Os descritores foram
comparados entre zonas, periodos e praias utilizando analises univariadas
(ANOVA'’s) e multivariadas (PERMANOVA, MDS, SIMPER, PCA e BIOENV). A
comunidade meiobéntica foi composta por 10 grupos, sendo Nematoda e
copépoda o0s principais. A assembléia de Nematoda foi constituida
principalmente por comedores de depoésitos ndo-seletivos (1B), tendo como seu
principal representante Theristus spl. Tanto as meiofauna quanto a assembléia
de Nematoda variaram entre estacbes e zonas, mas ndo entre praias. Em
futuros estudos na ilha da Trindade, outros fatores ambientais (ex: perfil de
praia, velocidade de corrente, ondas, clorofila-a, matéria organica) e um

sistema de amostragem considerando outras praias e / ou camadas de



sedimentos mais profundas devem ser considerados para uma melhor

compreensao da estrutura de comunidade meiofauna e associagcbes de
Nematoda.

Palavras-Chave: llhas oceéanicas, Meiobentos, Nematoda, Trindade.



ABSTRACT

Trindade is a volcanic island in the South Atlantic Ocean, 1440 km from
the east coast of Vitéria (ES), and together with Martim Vaz Archipelago they
are the most eastern points of Brazil. Several studies on the biology of
organisms that inhabit the island and sea in their surroundings have been
performed, however none about the organisms of the meiobenthic fauna and
especially nematode. The aim of this study was to describe the structure of the
meiobenthic community and the nematode associations in the Trindade island
considering species composition, diversity and density. Samples were collected
in winter (August) and summer (December) 2014, in four beaches: Tartarugas,
Parcel, Cabritos e Portugueses, throughout the intertidal zone, in the high
intertidal (HT), middle intertidal (MT), and low intertidal (LT) zones. Samples
were collected using cylindrical cores with 3 cm diameter and 10 cm length and
retained organisms were fixed in saline formalin 4%. In each sampling occasion
additional sediment samples were collected to granulumetric analyses and
tempreature and salinity were also measured. In laboratory, the organisms were
separated from the sediment by manual elutriation, counted and identified to the
lowest level possible. All nematode was picked up, diafanized, mounted on
permanent slides and identified. For the different groups of organisms
calculations of abundance were performed (total number of individuals), density
(n°. Ind.10 cm?), richness, diversity (H') and evenness (J'). The descriptors
have been compared between zones (HT, MT, LT), periods (Summer and
Winter) and beaches using univariate (ANOVA's) and multivariate
(PERMANOVA, MDS, SIMPER, PCA and BIOENV) analysis. Meiofauna
community were represented by fourteen major taxa. Nematode and copepode
were the principal groups. Nematode assemblage was mainly constituided by
non-selective deposit feeder (1B) with Theristus sp. as principal representant.
The meiofauna community and nematode assemblage varied between seasons
and zones but not between beaches. Diversity and evenness did not vary
significantly in any situation. In future studies at Trindade island, other
environmental factors (e.g. beach profile, speed current, waves, chlorophyll-a,
organic matter) and a sampling scheme considering other beaches and/or



depper sediment layers should be considered to a better understanding of the

structure of meiofauna community and Nematoda assemblages.

Keywords: Meiobenthos, Nematodes, Oceanic Island, Trindade Island.



ESTRUTURA DA DISSERTACAO

A dissertacao é composta por uma parte introdutéria, um artigo cientifico,
organizado na forma de capitulo e uma parte final com conclusfes gerais. Este
formato esta de acordo com o regimento em vigor do Programa de PGs-
Graduacao em Ecologia Aquatica e Pesca da Universidade Federal do Para.

Na parte introdutéria esta incluida uma introducdo geral onde sao
apresentados os principais aspectos das ilhas oceénicas, além de uma revisdo
sobre o estado atual de conhecimento da ecologia da meiofauna assim como o
da nematofauna ao longo das ilhas oceéanicas brasileiras. Além da introducéo
geral sdo apresentados 0s objetivos e o material e métodos de forma mais
detalhada.

O Capitulo 1 apresenta um artigo a ser submetido no “Journal of The
Marine Biological Association of The United Kingdom” visando descrever a
composicao, e a distribuicdo espaco-temporal da meiofauna e da nematofauna
presentes em quatro praias arenosas com distintas caracteristicas da ilha da
Trindade, e a sua correlagcdo com os fatores ambientais presentes.

Por fim, sdo apresentadas as principais conclusfes e pespectivas para
futuros estudos na ilha da Trindade e em outras ilhas oceéanicas, 0s quais se
fazem nescessarios para uma melhor compreecdo dessa fauna e desse

ambiente.



INTRODUCAO GERAL

O ambiente insular, de uma maneira geral, cada vez mais tem despertado
o interesse da comunidade cientifica, pois representam verdadeiros territorios
de estudos da biodiversidade e da manutencdo de uma infinidade de
ecossistemas. O isolamento geografico associado as condi¢cdes especificas de
formacao geoldgica e evolugdo biolégica € responsavel pela indugdo de um
conjunto de fatores bidticos e abibticos bastante peculiares, tais como o alto
grau de endemismo e participacdo ativa na reproducdo e alimentacdo de
diversos organismos marinhos e terrestres (CLEMENTE et al., 2009). Além
disso, os ambientes insulares representam areas estratégicas na organizacao
politica e gestdo das atividades maritimas de diversos paises, muitas vezes
sendo ocupadas por bases militares ou mesmo por postos avancados de
vigilancia (CLEMENTE et al., 2009).

Sumariamente reconhecidas como massas de terras, relativamente
pequenas se comparadas aos continentes, circundadas por agua doce ou
salgada por todos os lados, as ilhas podem ser classificadas como sendo
continentais ou oceanicas (ALMEIDA, 2006). O termo ilhas oceanicas é uma
referéncia aquela cuja sustentacao se encontra em assoalho oceéanico, fora dos
limites da plataforma continental, e que processos vulcanicos, tectdnicos e
biolégicos seriam responsaveis por sua génese. Por sua vez, as ilhas
continentais estdo associadas aos litorais, considerando que apresentam 0s
mesmos aspectos geoldgicos e estruturais dos continentes, sendo incluidas
nesse grupo as ilhas fluviais e/ou formadas por processos sedimentares.

No Brasil, dada a extensdo do seu litoral e area oceéanica adjacente, séo
encontrados diversos conjuntos de ilhas e ilhotas, destacando-se cinco
arquipélagos oceanicos principais: Sao Pedro e Sao Paulo; Atol das Rocas;
Fernando de Noronha, Abrolhos e Trindade-Martim Vaz (Figura 1). Com
excecdode Fernando de Noronha e Abrolhos, todos os outros arquipélagos
permanecem como areas militares e/ou de pesquisas, sem a autorizacdo para

o desenvolvimento de atividades turisticas.
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Figura 1: Localizagdo das ilhas e arquipélagos oceanicos brasileiros e suas distancias das

capitais mais proximas (fonte: Almeida, 2006).

Do ponto de vista ecoldgico, os ambientes insulares sado cenarios para a
compreensao evolutiva da vida, sobretudo diante de sua perfeita adequacéo
aos principios de biogeografia de ilhas (MACARTHUR & WILSON, 2001). A
importancia destes ambientes também pode ser entendida pelo alto grau de
endemismo de espécies marinhas, pois aproximadamente 12 dos 18 centros
mundiais de endemismo marinho ocorrem nas proximidades das ilhas (THE
NATURE CONSERVANCY, 2007). Tal endemismo é mais pronunciado nas
areas perto da costa, uma vez que as ilhas sao isoladas geograficamente das
plataformas continentais adjacentes (SCHELTEMA, 1992).

As ilhas oceanicas geralmente abrigam baixa riqueza de espécies e uma
grande proporcdo de espécies endémicas de peixes recifais e de organismos
bentdnicos, devido ao seu isolamento extremo e zonas de &guas rasas
relativamente restritas (WHITTAKER & FERNANDEZ-PALACIOS, 2007).

Dentre as comunidades biolégicas, destaca-se o Bentos, sendo este
constituindo um dos componentes mais importantes da biota marinha,
composta por organismos que vivem no substrato obrigatoriamente ao menos
durante parte de seu ciclo de vida; apresentando intima relacdo com o fundo,

seja porque nele estado fixados, andam ou rastejam, vivam em seu interior ou o



utilizem como protecdo e abrigo, ou dele retirem seu alimento (LEVINTON,
2009).

Os invertebrados bentdnicos podem ser divididos em relagdo ao seu
tamanho em pelo menos quatro grupos, microfauna (organismos menores que
0,062 ou 0,044 mm), meiofauna (dimensao variando entre 0,044-0,5 mm),
macrofauna (dimenséo variando entre 0,5 mm-2 cm) e megafauna (maiores
que 2 cm) (SOARES-GOMES et al.,2009). A meiofauna ocorre em todos os
tipos de sedimento e em uma grande variedade de habitats, sendo mais
diversa que qualguer outro componente da biota associada ao substrato
oceanico, onde ocorrem desde o médiolitoral até profundidades abissais
(VERNBERG & COULL, 1981). Quase todos os filos de invertebrados estédo
representados na meiofauna, e apesar da heterogeneidade em sua
composicao, a fauna intersticial de ambientes com sedimentos inconsolidados
(ex: praia, manguezal), apresenta uma série de adaptacdes convergentes que
decorrem das caracteristicas do ambiente em ao qual vivem (GIERE, 2009).

As caracteristicas fisicas do sedimento sdo de reconhecida importancia
na estruturacdo das comunidades meiofaunisticas. Segundo McLachlan &
Turner (1994) o tamanho dos graos e o grau de selecdo do sedimento, séo os
fatores de maior relevancia no que diz respeito as condi¢cdes estruturais,
espaciais, quimicas e fisicas do sedimento, e estes parametros por sua vez
estdo estreitamente ligados ao habitat da meiofauna. Além dos fatores fisicos,
fatores biolégicos também estruturam as comunidades bentbnicas, como
resultado da disponibilidade e busca por alimentos, efeitos da reproducao na
dispersdo e assentamento, modos de locomocdo e padrdes de agregacao,
competicdo intra- e interespecifica e os efeitos da predacédo (KNOX, 2000).

Em termos espaciais, a meiofauna apresenta padrdes verticais e
horizontais de distribuicdo que podem ser influenciados por uma complexa
combinagdo de fatores, sendo a granulometria do sedimento, salinidade da
dgua, tensdo de oxigénio, composicdo quimica da &gua intersticial e
disponibilidade de alimento citadas como as principais caracteristicas
ambientais geradoras desse padréo (GIERE, 2009) e estas caracteristicas por
sua vez variam de acordo com cada ambiente.

Em ambientes arenosos, o padrédo de distribuicdo permite que o0s

organismos meiofaunisticos penetrem desde alguns centimetros (praias



dissipativas) até metros dentro do sedimento (praias reflectivas). Por sua vez
em ambientes estuarinos ricos em lama, os organismos da meiofauna ficam
restritos aos primeiros centimetros do sedimento, devido a oclusdo dos
espacos intersticiais e reduzida quantidade de oxigénio disponivel nas
camadas mais profundas. Contudo se tratando de ilhas oceanicas vulcanicas,
pouco se conhece sobre as caracteristicas do tipo de sedimento presente e
consequentemente sobre a distribuicdo desses organismos devido ao seu
isolamento geografico. O isolamento geografico dessas éareas permite a
formacédo de solos endémicos (GUO et al, 2003; BOCKHEI, 2005), devido as
caracteristicas peculiares dessas areas.

Entre os organismos da meiofauna, os Nematoda de vida livre constituem
0 grupo mais representativo em densidade e diversidade, sendo encontrados
desde a linha de costa até as mais profundas fossas oceanicas (WARWICK &
PRICE, 1979; HEIP et al., 1982). Tal importancia nao se limita apenas ao fato
de ser o maior grupo de metazoarios em termos de numero de individuos
(VIGLIERCHIO, 1991), mas também ao seu papel fundamental no fluxo
energético e nas cadeias tréficas bentdnicas, além de serem bio-indicadores de
poluicdo (PLATT & WARWICK, 1980; LI et al., 1997; GIERE, 2009).

Segundo Bouwman (1983) a alta densidade dos Nematoda em
sedimentos estuarinos e marinhos esta relacionada a trés fatores principais: a
capacidade de ocupar 0s espacos intersticiais, devido ao seu tamanho
reduzido e ao seu formato fino; a tolerdncia a varios tipos de estresses
ambientais; e a diversidade da estrutura bucal, que permite explorar uma ampla
faixa de itens alimentares presentes no bentos.

Segundo Gerlach (1980) cerca de 4.000 espécies de Nematoda marinhos
sdo conhecidas, e estima-se que mais de 20.000 restam ser descritas.
Medeiros (1998) relata que h& aproximadamente 20.000 espécies de
Nematoda conhecidas na literatura cientifica, sendo 13.000 os de vida livre no
solo, oceanos ou aguas continentais. A autora estima ainda que exista um
namero de ordem de um milhdo de espécies desconhecidas. Contudo
estimativas mais atuais relatam que sédo aproximadamente 26.646 espécies ja
registradas para o filo, entretanto este nimero parece bem reduzido ainda mais
se for considerada a estimativa de at¢é 1 a 100 milhGes de espécies
(LAMBSHEAD, 1993; HUGOT et al., 2001).



Essa grande diferenca numérica deve-se a pequena quantidade de
espécies validas, oriundas de locais limitados (COOMANS, 2001), além da
tradicional e crescente atencéo para nematoddeos parasitarios em detrimento ao
interesse dos que habitam diferentes ambientes aquéticos e terrestres.
(FERRIS, 1994). Vale ressaltar ainda que devido ao seu tamanho, geralmente
poucos milimetros, os estudos taxondmicos desses organismos tornam-se
ainda mais dificeis (HEIP et al.,1982). Levando em consideracdo a extensao da
costa brasileira e o nimero de estudos realizados, existe uma caréncia de
conhecimento sobre a biodiversidade do grupo (ESTEVES, 2002). Nesse
sentido considera-se a estimativa taxonémica do Ministério do Meio Ambiente
que é da ordem de 1,5 milhGes de espécies para a costa do Brasil (MIGOTO,
2003).

No Brasil até 2008 foram registrados 11 ordens, 59 familias, 294 géneros
e 231 espécies de Nematoda (VENEKEY et al.,, 2010) mas as pesquisas
existentes encontram-se atualmente concentradas em ambientes de acesso
relativamente facil como: manguezais, costbes rochosos e praias arenosas,
sendo pouco frequente os estudos em ambientes extremos como 0 caso de
mar profundo (cujos estudos se concentram no Atlantico Norte) e ilhas
oceanicas. Segundo Hodda & Nicholas (1986), estas é&reas ainda sao
consideradas relativamente negligenciadas na biologia marinha mesmo nas
areas melhor estudadas (nordeste da Europa e leste da América do Norte) e o
aspecto béasico e importante da variagdo temporal da comunidade
meiofaunistica tem sido pouco abordado.

No Brasil em se tratando de ilhas oceanicas, os Unicos trabalhos sobre
meiofauna e Nematoda sé@o os de Netto et al. 1999a, 1999b, 1999c e 2003 no
Atol das Rocas e os de Amaral et al. (2009), Miranda-Junior et al. (2009) e
Venekey et al. (2009) no Arquipélago de Sao Pedro e Sdo Paulo. Neste
contexto, fica evidente a necessidade de ampliar o conhecimento sobre a
meiofauna e nematofauna em ambientes extremos como € o caso da llha da

Trindade, objetivo principal do presente trabalho.



OBJETIVOS

Objetivo Geral

Descrever a estrutura da comunidade da meiofauna e das associacfes de
Nematoda em diferentes praias na Ilha da Trindade quanto a composicao de

espécies, diversidade e densidade.

Objetivos Especificos

v' Descrever as modificacdes espaciais na estrutura (densidade,
composicao de grupos) da comunidade da meiofauna e na estrutura das
associacOes de Nematoda (composicéo especifica, densidade, riqueza e
equitatividade) ao longo das praias (médiolitoral superior, médiolitoral
médio e médiolitoral inferior) e entre as praias (Tartarugas, Parcel,
Portugueses e Cabritos) estudadas.

v' Determinar as variac6es temporais (inverno e verao) na estrutura da
comunidade da meiofauna e das associacfes de Nematoda nas
mesmas praias mencionadas anteriormente.

v' Caracterizar a influéncia dos fatores ambientais (granulometria,
temperatura, salinidade) na estrutura da comunidade da meiofauna e
das associacdes de Nematoda nas praias estudadas.

v' Obter uma lista de géneros e espécies dominantes de Nematoda nas
praias estudadas contribuindo para o aumento do conhecimento sobre

este grupo em ilhas oceanicas.
HIPOTESES

v' A estrutura (composi¢do, riqueza, densidade, equitatividade e
diversidade) da comunidade de meiofauna e das associagfes de
Nematoda é determinada por sua posicéo na face da praia (médiolitoral
superior, médiolitoral médio e médiolitoral inferior) e varia ao longo das

diferentes praias da Ilha da Trindade.

v As mudancas nas caracteristicas ambientais (salinidade, temperatura,
caracteristicas do sedimento), entre os diferentes periodos climaticos
determinam variagOes na estrutura da comunidade de meiofauna e das

associacOes de Nematoda na llha da Trindade.



MATERIAL E METODOS

Area de Estudo

A llha da Trindade (20° 30’ S; 29° 19° W) € uma ilha oceanica com
aproximadamente 10 km? de superficie, situada no Oceano Atlantico Sul,
aproximadamente no paralelo de Vitoria, capital do Espirito Santo (Figura 2).
Esta ilha encontra-se afastada a 1,167 Km da costa brasileira e a 2,400 Km da
costa africana, e juntamente com o Arquipélago de Martim-Vaz sao os pontos
mais orientais do territorio brasileiro. A llha é a por¢éo aflorante de um edificio
vulcénico cuja base encontra-se submersa a cerca de 5.000 m de profundidade
(FERRARI & RICCOMINI, 1999). Ela faz parte de um lineamento de montes
vulcanicos submarinos denominados lineamento Vitoria-Trindade (ALMEIDA,
2002).
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Figura 2: Area de estudo com as localiza¢bes daspraias estudadas na llha da Trindade.

As profundidades oceanicas ao redor da ilha atingem 5,800m e a parte
emersa chega a 620m. A ilha sofre influéncia da Corrente do Brasil,
caracterizada pela alta salinidade (~37 ups) e temperatura (~27 °C) e com
transparéncia de até 50 m de profundidade (SILVEIRA et al., 2000). O clima na

ilha é do tipo tropical oceanico, possuindo temperatura anual média de 25,2 °C,



sendo o0 més de fevereiro 0 mais quente do ano (30,2 °C) e o de agosto o mais
frio (17,3 °C) (GUILLARDI, 2004). Entre os meses de abril e outubro a ilha sofre
invasfes periddicas de frentes frias, provindas do Polo Sul (ALVES, 1998). A
ilha de Trindade apresenta baixa pluviosidade e esta sob o dominio de ventos
alisios de sudeste (ALVES, 1998).

A llha de Trindade possui uma forma estreita e alongada com 8 km de
comprimento e 2 km de largura em sua por¢éo mais larga. Esta ilha possui um
relevo extremamente acidentado, com escarpas ingremes, penhascos, vales e
platbs aluviais. A atividade vulcanica na ilha teve inicio a partir do Plioceno
(~3,4 M.a), estendendo-se até o Holoceno. A llha de Trindade foi erguida da
zona abissal do Atlantico, de uma plataforma continental brasileira, por
vulcanismo, sendo a ultima erupcdo datada a aproximadamente 50 mil anos
(CORDANI, 2013). Segundo Almeida (2000), com excecdo de alguns depdsitos
litorAneos e torrenciais, toda a ilha é formada por material vulcanico extrusivo
e/ou sub-extrusivo. O vulcanismo nela existente é tipicamente fonolitico, com
rochas e derrames altamente sodico-alcalinos e sub-saturados em silica.

Litoestratigraficamente, a ilha é composta por seis unidades geoldgicas
(ALMEIDA, 1961; CASTRO & ANTONELLO, 2006): Complexo Trindade;
Sequéncia Desejado; Formacéo Morro Vermelho; Formagéo Valado; Vulcao do
Pareddo e depdsitos Holocénicos, sendo estes Ultimos as unidades mais
recentes (CASTRO & ANTONELLO, 2006). Os Depositos Holocénicos
representam uma pequena parcela das unidades estratigraficas ocorrentes na
llha da Trindade (CASTRO & ANTONELLO, 2006), destacando-se os depdsitos
eolicos, praias, aluvides, recifes algalicos e depositos de encosta. Os depdsitos
eolicos escalonares (dunas) da ilha sdo provenientes das contribuicdes
exclusivas de tufos vulcanicos, materiais piroclasticos e recifes algalicos.

De modo geral, os sedimentos inconsolidados encontrados nas praias da
llha da Trindade caracterizam-se por depdsitos de placeres (minerais pesados)
em camadas lenticulares. O processo deposicional, é resultado de um
transporte sedimentar de curta distancia entre a rocha fonte e a praia
(CASTRO & ANTONELLO, 2006).



Procedimentos em Campo

Todas as praias analisadas sdo constituidas por fragmentos de rochas
vulcéanicas em varios niveis de alteracdo e uma série de minerais primarios,
bem como material carbonatico de origem biogénica. De acordo com a
predominancia quantitativa de um ou outro material, praias da ilha se diferem
em: praias de areias mistas (Parcel e Cabritos) e praias de areias claras
(Tartarugas e Portugueses) e praias de areias escuras (ALMEIDA, 1961).

As amostragens ocorreram em duas ocasifes, visando coletar amostras
em dois periodos climaticos distintos: periodo mais chuvoso (Agosto/2014) e
periodo mais seco (Dezembro/2014) nas praias do Cabritos, Portugueses,
Parcel e Tartarugas (Figura 3).

Figura 3: As praias dos Cabritos (A), Tartarugas (B), Parcel (C) e Portugueses (D), localizadas

na llha da Trindade (Arquivo pessoal).
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Em cada local de coleta, um perfil perpendicular foi feito desde o
supralitoral até a linha d’agua sendo amostradas quatro réplicas em cada um
dos trés pontos: médiolitoral superior (MLS), médiolitoral médio (MLM),
meédiolitoral inferior (MLI), com o auxilio de um amostrador circular com 3 cm de
diametro enterrado 10 cm no substrato (Figura 4A). ApOs coletadas, as
amostras foram fixadas em formol a 4% e acondicionadas em potes plasticos.

Paralelo a coleta de material bioldgico, em cada ponto de coleta foi
retrada uma amostra de sedimento para determinacdo da granulometria
utilizando amostrador cilindrico com didmetro de 3 cm enterrado 10 cm no
substrato. Foram ainda determinadas por local: a salinidade da agua de
superficie (utilizando refratdbmetro manual) (Figura 4B) e temperatura do
substrato a 15 cm de profundidade (utilizando termémetro de solo com bulbo)

(Figura 4A). Os dados de precipitacdo pluviométrica foram obtidos junto ao

Instituto de Meteorologia (INMET).

T R——— . —

Figura 4: Método de amostragem da meiofauna e medi¢do da temperatura do solo nailha da

Trindade (A), e método de determinagdo da salinidade (B). (Arquivo pessoal).
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Procedimentos em laboratorio

Em laboratério, os organismos da meiofauna foram separados do
sedimento por elutriagdo manual usando peneiras de 0,5 e 0,045mm abertura.
Os organismos retidos na peneira de 0,045 mm foram colocados em placa de
Dollfus, contados e identificados ao nivel de grandes grupos zoolégicos, com o
auxilio de um microscopio estereoscépico. Quando necessario, laminas
semipermanentes foram montadas para observagdo em microscopio éptico.

Todos os Nematoda encontrados por amostra foram isolados dos demais
organismos, diafanizados e montados em laminas permanentes, seguindo o
protocolo proposto por De Grisse (1969) e Cobb (1917). Os animais foram
identificados utilizando a chave pictorica de Warwick et al. (1998), assim como
a bibliografia especifica da Secdo de Biologia Marinha da Universidade de
Ghent (Bélgica) e do “site” Nemys (VANAVERBEKE et al., 2015).

Os Nematoda também foram classificados em grupos troficos conforme
descrito por Wieser (1953) que leva em consideragcédo a morfologia da cavidade
bucal dos Nematoda aquaticos de vida livre e sua ecologia tréfica. Este
trabalho os dividiu em quatro grupos: o primeiro grupo - com a cavidade bucal
reduzida ou ausente, chamados de detritivoros seletivos (1A); o segundo grupo
- com a cavidade bucal ampla e sem dentes, sendo denominados detritivoros
nao-seletivos (1B); o terceiro grupo - com a cavidade bucal apresentando
dentes de tamanhos reduzidos, conhecido como raspadores (2A); e 0 quarto
grupo com dentes fortes ou mandibulas na cavidade bucal denominado,
consequentemente, de predadores/onivoros (2B). Para a confec¢do da lista
taxondémica, a classificagcdo proposta por De Ley & Blaxter (2004) foi adotada.
As espécies identificadas serdo depositadas em laminas permanentes na
colecdo de Nematoda do Museu Paraense Emilio Goeldi.

Nos sedimentos a granulometria foi determinada por peneiramento dos
grosseiros e pipetagem dos finos como proposto por Suguio (1973) e os
parametros estatisticos (média do didmetro dos gréos, selecionamento e
proporcdes de areia, silte e argila) foram calculados utilizando as equagdes
propostas por Folk & Ward (1957).
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Analise de Dados

Para os diferentes grupos de organismos foram realizados calculos de
abundancia (n° total de individuos), densidade (n°. Individuos/10cm?),
frequéncia de ocorréncia e rigueza de espécies (simples contagem do numero
de taxons presentes). A diversidade especifica foi estimada utilizando-se o
indice de Shannon (Shannon, 1948). Foi também calculado o grau de
equitatividade, J, no qual as abundancias relativas das espécies nas amostras
indicam o grau de reparticdo de individuos entre as espécies.

A normalidade da distribuicAo dos dados foi avaliada pelo teste de
Shapiro-Wilk e a homocedasticidade das variancias pelo teste C de Cochran.
Nos casos em que a distribuicdo da variavel de interesse se mostrar diferente
da distribuicdo normal, transformacdes foram aplicadas visando balancear o
peso de espécies raras e abundantes (SOKAL & ROHLF, 1997).

Para descrever as variacbes espaco-temporais das comunidades de
meiofauna e das associacbes de nematoda, foram utilizados métodos
univariados, como Analise de Variancia (ANOVA'’s), para comparar os valores
das variaveis bidticas relacionadas a estrutura da comunidade meiobéntica
como abundancia (N), rigueza (S), diversidade (H') e equitatividade (J') entre
praias (e zonas de cada praia), zona e ocasiao de amostragem (inverno/verao).
Também, foram analisadas as variaveis relacionadas as caracteristicas de
sedimento (temperatura, salinidade, tamanho médio de gréos, selecdo, ou
percentagem areia, silte/argila). O teste de Tukey foi utilizado como método de
comparacdo das médias a posteriori sempre que registrada diferenca
significativa (UNDERWOOD, 1997; ZAR 1998).

Os padrbes espaciais e temporais das variaveis estudadas foram
investigados com o auxilio de estatisticas multivariadas seguindo a
metodologia proposta por Clarke & Warwick (1994) e Clarke & Gorley (2001).
Os dados abioticos foram transformados (log x +1) e normalizados para
homogeneizar as variancias, procedimento necessario quando se trabalha com
parametros ambientais medidos em diferentes unidades ou escalas (CLARKE
& WARWICK, 1994). Uma matriz de similaridade foi construida utilizando-se o
indice de Pearson. A analise exploratéria de PCA (Principal Components

Analysis) foi utilizada para identificar as variaveis ambientais mais importantes
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causando a formacéo de grupos diferentes baseado apenas nas informacdes
ambientais.

Matrizes de similaridade foram calculadas a partir da matriz biol6gica
original utilizando o coeficiente de Bray-Curtis. A partir dessa matriz, as
diferencas na distribuicdo da composicdo da meiofauna e das associacdes de
nematoda foram testadas por uma PERMANOVA trifatorial, com os fatores
periodo climético (inverno e verdo), praias e zonas (MLS, MLM, MLI), sendo
esses trés fatores fixos. Em casos de resultados significativos na interacéo
maxima (periodo x praia x zona) testes pareados foram utilizados como método
para verificar quais interagdoes eram diferententes significamentes.

A formacéo de grupos significativamente diferentes foi visualizada atraves
de andlises de ordenacdo (MDS). A qualidade das ordenacdes foi avaliada
através do STRESS (Standardized Residual Sum of Squares) indicando o grau
de ajuste das distancias entre as unidades amostrais no numero de dimensées
desejado. Em seguida, a rotina SIMPER (Similarity Percentage) foi aplicada
para identificar as espécies mais importantes para a formacédo dos grupos
visualizadas em MDS, através da contribuicdo das espécies para a similaridade
interna nos grupos e para a dissimilaridade entre os diferentes grupos
(CLARKE & GORLEY, 2001).

Para correlacionar as variaveis bibticas e abitticas, foram utilizadas a
rotina BIO-ENV (Biota-Environment Matching). Esta analise visa identificar
quais parametros abidticos melhor poderdo explicar a estruturacdo das
assembleias biolégicas através do coeficiente de correlagdo de Spearman (p)
(CLARKE & WARWICK, 1994; UNDERWOOD, 1997).

Para a realizacdo das analises foram utilizados os aplicativos

STATISTICA®, PRIMER+Permanova®e CANOCO® 4.0. Para o processamento

dos dados granulométricos utilizou-se o SysGran®3.0.
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CAPITULO 1- MEIOFAUNA AND FREE-LIVING NEMATODES IN VOLCANIC
SANDS OF A SOUTH ATLANTIC REMOTE OCEANIC ISLAND (TRINDADE,
BRAZIL).

Este capitulo foi elaborado de acordo com as normas do periodico Journal of

the Marine Biological Association of the United Kingdom, disponiveis em anexo.
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MEIOFAUNA AND FREE-LIVING NEMATODES IN VOLCANIC SANDS OF
A SOUTH ATLANTIC REMOTE OCEANIC ISLAND (TRINDADE, BRAZIL)

T.M.T. Santos, W.C. Nascimento and V. Venekey
Instituto de Ciéncias Bioldgicas, Universidade Federal do Para (UFPA), 66075-110
Guaméa—Belém-PA, Brazil.

*Corresponding author; thuareag@gmail.com

The present study describes spatial and temporal variation patterns of meiofauna
community and nematode assemblages from volcanic beaches of a remote oceanic
island and associates them with environmental factors. This is the first work with this
fauna in Trindade, one of the few works so far in islands of Southeast Atlantic. A total of
10 taxa meiofauna were found. Copepode (31%) and nematode (27%) were the
principal groups in all seasons and beaches. The nematode assemblage was made up of
a total of 27 genera in 12 families. Cyatholaimidae, Xyalidae and Oncholaimidae
represented the richest and the most abundant families, dominant species of the
nematode assemblage composed mainly of non-selective deposite feeders.
PERMANOVA highlighted significant differences among seaosns, beaches and zones in
the meiofauna community as well as nematode assemblage. Based on these results, the
initials hypothesis is accepted. Thus, the results of this study provides one of the first
ecological data on the meiobenthic community and nematode associations so far in

islands of Southeast Atlantic

Keywords: benthos, ecology, meiofauna, beach.
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INTRODUCTION

Oceanic islands are productive ecosystems that often support high concentration of
species, typically represented by species with high proportion of endemism and high
dispersal abilities (Allen, 2008; Clark et al., 2010; Rowden et al., 2010). The insular
enviroment may also be part of larger scale features and thus it has geographic and
oceanographic connections with other geological features (de Forges, Koslow, and
Poore, 2000). Continental and island shelf systems often consist of expansives of
sediment environments that can support diverse and functionally important benthic
marine assemblages (Gray, 2002; Snelgrove, 1999). These communities include species
of different sizes of organisms, such as micro-, meio- and macrobenthos.

The intertidal meiofauna communities are affected by many environmental factors
including salinity, temperature and grain size composition of sediments (Bouwman,
1983; Gourbault, 1981). Grain size is probably the principal factor upon which virtually
all other interstitial biotic factors are dependent in varying degrees (Fricke and
Flemming, 1983). In the case of volcanic oceanic islands little is known about the
characteristics of the sediments present. The geographical isolation of these areas allows
the formation of endemic soils (Bockheim, 2005; Guo, Gong, and Amundson, 2003).

Considering meiofauna, sandy beach sediments are generally dominated by
harpacticoid copepods and nematodes, with the dominance of one group over the other
relating to grain size. The presence of nematodes as a group is independent of the
sediment composition (Vanaverbeke, Gheskiere, and Vincx, 2000), but, in general,
nematodes are said to be highly dominant in sands finer than 300 pm, while
harpacticoid copepods become more important in sediments coarser than 350 pum
(McLachlan and Brown, 2006). Meiofauna, and in particular free-living nematodes,
form an important component of the benthic domain both in abundance and biomass,
and are closely related to other organisms playing a key role in trophic webs (see Giere,
2009 for review)

In sandy environment, the distribution pattern allows these organisms penetrate
from a few centimeters (dissipative beaches) to meters within the sediment (reflective
beaches). In turn, in estuarine environments rich in mud, meiofauna organisms are
restricted to the first centimeters of sediment due to the occlusion of the interstitial
spaces and low quantity of available oxygen into the deeper layers. However, in the case

of volcanic oceanic islands little is known about the characteristics of the sediments
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present and consequently about the distribution of these organisms due to geographical
isolation.

Along all Brazillian oceanic islands, studies indicate that the marine biota of
Trindade is the least known (Alves and Castro, 2006). The only works about meiofauna
and Nematode are those from Netto, Attrill, and Warwick (1999a,b; 2003), Netto,
Warwick, and Attrill (1999) and Pereira et al. (2008) in Rocas Atoll and those of
Miranda-Junior et al. (2009) and Venekey, Esteves, and Fonseca-Genevois (2009) in
Archipelago of St. Peter and St. Paul.

This study aims to describe the spatial-temporal distribution of meiofauna
community and free-living nematodes assemblages in different volcanic sand beaches of
the poorly known Trindade island, the following proposition were tested: (1) the
structure of meiofauna community and nematode associations are determined by their
position in the face of the beach, varies throughout the different beaches on the island
and different climatic periods and (2) changes in environmental conditions between the
different climatic periods, determines variations in the structure of meiofauna
community and nematode associations in the island. So providing the first ecological
data on the meiobenthic community and nematode assemblages of the Trindade island
sands and facilitating future temporal comparisons which may also open up new

perspectives for the conservation and management of this geographical region.

METHODS
Study area

Trindade Island (20° 30 S, 29° 20’ W) is on the eastern end of the Vitoria-
Trindade Submarine Ridge, 1140 km off the coast of the state of Espirito Santo,
southeastern Brazil (Figure. 1). The island has 13.5 km? in area and is almost totally
composed of volcanic and subvolcanic rocks formed between the end of the Pliocene
and the Holocene (Almeida, 2002).

The entire extent of the Vitoria-Trindade chain is under the influence of the
southward flow of the warm Brazil Current (Miranda and Castro Filho, 1982),
characterized by warm (>27°C SST), relatively saline (37 psu) and oligotrophic waters
(Silveira et al., 2000). A tropical oceanic climate prevails, ameliorated by eastern and
southern trade winds, with mean water temperatures of 27°C (DHN, 1968). The air

temperature is warmest in February and coldest in August (Alves, 1998).
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The coastline consists of algae reefs, narrow beaches, and narrow dunes. The
littoral zone is comprised of about 2.5 km of beaches and 14 km of narrow (<1 km) and
steep rocky shores (Pereira-Filho et al., 2011). The sublittoral hard bottom is composed
of boulders ranging up to several hundred meters in diameter interspersed with patches
of sandy/calcareous algae rubble, as well as large uniform rock expanses. Sandy
substrates are characterized by volcanic sands and dominated by the presence of coarse
and medium sands.

The only human inhabitants on Trindade are personnel ofthe Brazilian Navy,
which maintains a base on the island. Trindade has been under the control of the
Brazilian Navy since 1957, well before the beginning of the scientific researches in the

island and can only be visited with permission of the Navy.

Sample processing

Samples were collected in August (rainy season) and December 2014 (dry
season). On each occasion were obtained samples in four beaches: Tartarugas, Parcel,
Cabritos and Portugueses (Figure 2). At each beach, four replicates were collected for
meiofauna studies in the high intertidal (HT), middle intertidal (MT), and low intertidal
(LT) zones, usying a cylindrical core of 3.0 cm diameter to a depth of 10 cm. In parallel
with the collection of meiofauna, one sample was removed from each local using the
same corer for granulometric parameters (mean grain size, median and sorting). The
salinity of seawater was also determined with a manual refractometer, the temperature
with a soil termometer and pluviometric precipitation data was obtained from the
National Institute of Meteorology (INMET), at the Climatologic Station of Vitéria-ES.

In the laboratory, meiofauna was extracted from sediments using manual
elutriation and sieved through meshes of 0.05 and 0.045 mm. Animals retained in the
mesh with 0.045 mm were placed on Dollfus plates and classified to major taxonomic
groups following Giere (2009). All Nematodes were picked up, mounted on permanent
slides using the methodology of de Grisse (1969) and Cobb (1917), and identified to
species level when possible following Warwick et al. (1998) as well as the specific
bibliography of site Nemys (Vanaverbeke et al., 2015). Nematodes were also classified
according to the trophic groups proposed by Wieser (1953): selective deposit feeder
(1A), non-selective deposit feeder (1B), epigrowth feeder (2A) and omnivore/predator
(2B).
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Granulometric analysis was carried out through sieving the coarse and pipetting
the fine sediments, as proposed by Suguio (1973) and the statistical parameters were
calculated using the equations proposed by Folk and Ward (1957). Grain size analysis
was performed through sediment sieving using an automatic shaker. The sediments

were classified in accordance with the Wentworth scale (Buchanan, 1984).

Data analisys

For each biological sample were calculated richness (S), abundance (N), density
(ind. 10cm), Shannon—Wiener diversity (H’ log2) and evenness (Pielou’s J). In order to
test the assumption of homogeneity of variances, Cochran’s C tests were applied and,
when necessary, data were transformed (fourth root).

After the data were transformed, permutational multivariate analysis of variance
(PERMANOVA) (Anderson, Gorley and Clarke, 2008) was applied for comparison of
community structure, with the objective of testing possible differences between fauna
compositions at different seasons (rainy, dry), beaches (Tartarugas, Parcel, Cabritos and
Portugueses) and intertidal zones (HT, MT, LT). The Tukey a posteriori test was
performed when there was significant difference. The effect of the factors on grouping
patterns can be visualized in non-metric MultiDimensional Ordination (nMDS). The
contributions of each taxon to similarity and dissimilarity among zones, beaches and
seasons were assessed using the SIMPER (similarity percentage) routine.

Enviromental (sediment mean grain size, sorting, % gravel and % sand,
temperature and water salinity) and fauna data were also analyzed using multivariate
methods in the PRIMER 6.0.2 statistical package (Clarke and Gorley, 2006). The
abiotic parameters were log (x+1) transformed and normalized, and analyzed using
Principal Components Analysis. ANOVA was also performed for the environmental
factors, according to the same model. The significance level adopted was 0.05

The relationship between multivariate patterns in enviromental parameter sand
faunal assemblage structure was explored using the BIOENV (biota-environment

matching) procedure between beaches, zones and within seasons.

RESULTS
Enviromental parameters
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A list of all environmental parameters is presented in Table 1. On August, rainy
season, higher preciptation and lower temperature were registered than on December,
dry season. The salinty ranged from 37 in rainy season to 43 during dry season. The
mean grain size varied from fine sand to coarse sand. The silt (4-63um) and very fine
sand fraction (63-125um) were not recorded on the beaches. According to the sorting
coefficient the samples varied between poorly sorted to well sorted.

Considering beaches, Tartarugas, Parcel and Portugueses were characterized by
coarse sand moderately sorted sediments at all seasons and zones. In Cabritos, at rainy
season, the sediments varied between zones. The HT zone was characterized by fine
sands, MT zone by medium sand and LT zone by coarse sand. However, at dry season,
Cabritos beach was characterized by medium sand in all zones.

Mean grain size differed significantly among seasons (p<0.01), beaches (p<0.01)
and zones (p<0.01). Larger grain size was observed at Parcel beach. Sediment sorting
also differed among seasons (p<0.01) and beaches (p<0.01) but not among zones (p =
0.39). Sediment at Tartarugas and Parcel beach tended to be moderately sorted whereas
that of Portugueses beach tended to be well sorted. However, Cabritos presented well
sorted and poorly sorted sediments. Salinity and temperature varied among seasons but
not among beaches and zones.

On the basis of sediment and abiotic (temperature, salinity, pluviosity) variables,
the first two principal components (PC) explained 58% of the variance between seasons,
beaches and zones. Along seasons (Figure 3a), there is a separation of the beaches
according to season. On the right-hand side of the figure, Tartarugas, Parcel and
Portugueses in the dry period were characterized by an increase in the % sand, mean
grain size and temperature. On the left-hand side of the ordination, the Cabritos beach in
rainy period was characterized by an increase in salinity and pluviosity. Those beaches
(Tartarugas, Parcel and Portugueses) on the upper half were characterized by an
increase in salinity and pluviosity. However, those beaches (Cabritos and Parcel) on the
lower half were characterized by an increase in temperature and mean grain size.

Between beaches (Figure 3b), in the PC1 on the right-hand side of the ordination,
Parcel, Portugueses and Tartarugas were characterized by an increase in % sand and
temperature. On the left-hand side, Cabritos were carcterized by an increase in the %
gravel and sorting. Along PC2, the beaches placed on the upper half (Tartarugas and
Portugueses) were characterized by an increase in salinity and pluviosity. On the lower

half, Cabritos and Parcel were characterized by the caracteristics os sediment (sorting,
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% gravel and mean grain size). Among zones (Figure 3c), clear separation was not

found.

Meiofauna community

The meiofauna was composed of ten major groups (Figure 4). The number of
meiofaunal taxa was higher at the dry season (13 taxa) and minimum at rainy season (9
taxa). Across-shore, meiofauna maximum number of taxa were recorded in the middle
intertidal zone (MT) in the Cabritos beach (10 taxa) and the minimum in the Porguseses
beach (3 taxa) high intertidal zone (HI) both in ther dry season. Copepods (26%) and
nematodes (23%) were numerically dominant in all beaches and zones, becoming the
most abundant groups, accounting for almost 50% of total meiofauna. Nematodes were
more abundant than copepods in all zones at dry season, while copepods were more
abundant in the low intertidal (LT) at the rainy season.

The highest value of density was found at the dry season (Figure 4). Density of
meiofauna in the rainy season ranged between 88.3 ind.10 cm™ at the Cabritos’ beach
and 280.3 ind.10 cm at the Portugueses’ beach, while in dry season density flutuated
between 200.8 ind.10 cm2in Portugueses and 383.0 ind.10 cm™2in Parcel.

Results from PERMANOVA for meiofauna community showed significant
differences among seasons, beaches and zones (Table 2), however, these differences
depend which interactions are analysed (Table 3). The values of evenness (J’) and
diversity (H”) did not vary significantly in any situation and therefore are not reported
here.

The similarity percentage analyses (Simper) showed that the avarage dissimilarity
between seasons was 54.16 %. This difference is clearly observed in the
multidimensional scaling (Figure 5a). Oligochaeta spl (17.37 %) and Copepoda (15.44
%) were the groups that contributed most to this dissimilarity between seasons. Among
beaches, the higher dissimilarity was between Cabritos and Portugueses (56 %) and
among zones the major dissimilarity was between HT and LT (55.49 %) zones. Both
differences occured because the high paticipation of Copepoda and Oligochaeta.
However, these differences are not clearly observed in the multidimensional scaling
(Figures 5b and 5c).

Nematode assemblage
A list of all recorded nematode species is presented in Appendix. A total of 27

Nematodes genera belonging to 12 families were recorded in Trindade island beaches.
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The identification to species level was possible only in genus Proryhnchonema. The
other genera presented few individuals or many of them were not in percfect condition
to make measures. However, it was possible to separate nematodes in punctative
species.

Cyatholaimidae (6 genera), Xyalidae (4 genera), Oncholaimidae (3 genera) and
Chromadoridae (3 genera) were the richest families, meanwhile, the most abundant
families were Xyalidae (58.4%), Oncholaimidae (16.9%) and Cyatholaimidae (12.9%).
Four taxa (belonging to three families) accounted for 70% of nematode total density
Theristus sp2 (36.8%), Theristus spl (13.2%), Viscosia sp. (11.2%) and
Paracanthonchus sp. (10%). The most spatially widespread nematode was Theristus
sp2. present at all beaches and zones in both seasons (rainy and dry). In addition, other
species showed a strongly patched temporal distribution, i.e. appearing only in one
season in high density; for instance: Metachromadora sp. (rainy season) and
Innocuonema sp. (dry season).

Across-shore, nematode maximum number of genera were recorded in the middle
intertidal zone (MT) in Cabrito beach (10 taxa) and the minimum in Porguseses (3 taxa)
high intertidal (HI) zone in the dry season. The highest value of density was found at the
dry season (Figure 6). The mean density of nematodes in the rainy season ranged
between 6.2 ind.10 cm™ at the Portugueses beach and 29.5 ind.10 cm™ at the Cabrito
beach, while in dry season density varied between 23.7 ind.10 cm™ in Portugueses and
33.7 ind.10 cm? in Cabrito. The number of nematode genera was higher at the dry
season (24 taxa) than in rainy season (16 taxa).

Results from PERMANOVA for nematode assemblage showed significant
differences among seasons, beaches and zones (Table 4)., however, these differences
depend which interactions are analysed (Table 5) The values of evenness (J’) and
diversity (H”) did not vary significantly in any situation and therefore are not reported
here.

The MDS ordination of nematodes data did not show clear differences among
seasons (Figure 7a), beaches (Figure 7b) or zones (Figure 7c). Theristus sp2
contribuited for the higher similarities among seasons and beaches. However, SIMPER
tests revealed that the greatest assemblage dissimilarity was between the high tidal zone
and low tidal zone (88.34 %).
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The overall nematode assemblage was predominantly made up of non-selective
deposit feedlers- type 1B (59%) followed by epigrowth feeders (type 2A) and
omnivores/predators — type 2B (22.5% and 17.4%, respctively). Selective deposit
feeders (type 1A) made less than 2% of total assemblage (Figure 8). Among seasons,
non-selective deposit feeders was the predominat group, reaching maximum at the rainy
season, while at the dry season, had an increase of epigrowth feeders and a notable
decrease of non-selective deposit feeders (Figure 8).

The BIOENV analysis showed that for meiofauna salinity, mean garin size and %
sand, were the environmental variables that best explained fauna variations (rs= 0.289).
For the nematodes, the temperature and the /sorting coeficient presented the higher

Spearman correlation coeficient (rs= 0.204).

DISCUSSION
Hydrodynamic and biological processes determine the structure and spatial scale

of aggregation patterns of meiofaunal communities (Gingold, Ibarra-Obando, and
Rocha-Olivares, 2011). Prevalent hydrodynamic regimes are crucial for meiobenthic
distribution patterns, and may vary between and within sites. However, the lack of
oceanographic surveys, especially regarding to the currents in the area near the Trindade
island, makes difficult the detailed knowledge about the marine circulation pattern in
this region.

Considering meiofauna composition, the values were quite similar along all the
studied beaches, however small variations were observed. The number of major groups
encountered in this work (10) were lower to those encountered in the outhers oceanic
islands in Brazil (i.e. 14 groups at Rocas Atoll, Netto Attrill, and Warwick, 1999a;
Pereira et al., 2008; Miranda-Junior et al. 2009; 14 groups in Archipelago of St. Peter
and St. Paul, Venekey, Esteves, and Fonseca-Genevois, 2009) and in northeast Atlantic
Ocean (i.e. 15 groups in Canary island, Riera, Nufiez, and Brito, 2013). In addition to
the groups found in Trindade island, in other islands have been found: kinorhyncha and
tanaidacea (Netto Attrill, and Warwick, 1999a); priapulida, tanaidacea, mollusca,
echinodermata (Pereira et al., 2008); gastrotricha, rotifera, amphipoda, mollusca

(Miranda-Junior et al., 2009); rotifera, amphipoda, mollusca (Venekey, Esteves, and
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Fonseca-Genevois, 2009); and kinorhyncha, decapoda, tanaidacea, amphipoda,
echinoids, cnidarians (Riera, NUfiez, and Brito, 2013).

In the Trindade island, the meiofauna composition did not vary between seasons,
beaches and zones. The study also suggests that Trindade island beaches are all
relatively similar in terms of meiofaunal community structure. Even when spatially
separated (e.g. Cabritos versus Parcel, located on opposite extremes of the island) the
same groups were found at all beaches in both seasons. There were no differences
among beaches probably because they are all in the same side of the island (directed to
northeast), and therefore they are subjected to the same morphodynamic, oceanographic
processes (i.e. waves, winds, currents) and transport processes.

The total density of meiofauna in Trindade island presented the highest values
during dry season (summer). In tropical areas, the seasonal changes are less defined, but
most meiofauna organisms show some seasonality, with greater abundance in the
warmest months (Coull, 1988). Accordingly, in tropical coarse sands with low silt
content, harpacticoids usually constitute the dominant group, although polychaetes and
oligochaetes may also be present in a substantial degree (Netto Attrill, and Warwick,
1999a). In general, the same pattern was found in Trindade island, with harpacticoids as
the most abundant group in some zones at rainy season and nematodes as the dominant
group at dry season.

The low meiofauna densities recorded at Trindade island may be caused by the
granulometry found (medium to coarse sand), coarse sands have higher permeability
due to their bigger pore sizes, being well-oxygenated when it compares with fine sands
(McLachlan and Brown, 2006). Although there are obvious difficulties comparing
locations, habitats, systems and methodological approaches, densities recorded in this
study are lower compared to studies in the other oceanic islands in Brazil (i.e. 540.3-
1179.7 ind.10 cm in Rocas Atoll, Netto, Attrill, and Warwick, 1999a), other oceanic
islands in northeast Atlantic Ocean (i.e. 177.6-800 ind.10cm™ in Canary island, Riera,
Nufiez, and Brito, 2013) and sandy plataforms in Indian Ocean (i.e. 1270.69-2463.62
ind.10cm2 in Madives archipelago, Semprucci et al., 2010).

Even Trindade island recorded low densities, the nematode genera richness were
high, corroborating with the previous works made by Heip, Vincx, and Vranken (1985).
Although nematode density tends to be higher in finer sediments, high richness has been
recorded in coarse sediments (Heip, Vincx, and Vranken, 1985). Medium and coarse

sediments are, in fact, richer in micro-niches (Giere, 2009) and have relatively larger
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interstitial spaces. These facts provide areas for feeding and sheltering, as well as
biofilms and microalgae that grow on the grain surfaces and are an abundant food
source for meiofauna. The ability of nematodes to colonise different habitat units is
mainly due to their body characteristics (Bell and Sherman, 1980). Another explanation
for their abundance at the exposed site is the lack of other interstitial meiofaunal taxa,
which could compete for local resources (Corgosinho et al., 2003).

The number of nematode genera occuring on the Trindade island beaches (27) is
more or less similar to those obtained by Venekey, Esteves, and Fonseca-Genevois
(2009) and Miranda-Junior et al., (2009) in Archipelago of St. Peter and St. Paul (33
and 43 genera respectively), but lower when compared with Netto, Attrill, and Warwick
(1999 a, b) and Netto, Warwick, and Attrill (1999c) in Rocas atoll (109, 71 and 89
species respectively). However, the number of genera was either lower or higher than in
other tropical beaches. At a beach of Guadeloupe, an island located between the
Atlantic Ocean and the Caribbean Sea, 61 genera were recorded (Gourbault and
Warwick, 1994). When we compare with non-tropical beaches, the number of genera in
Trindade island is mostly lower, although cases of less and equivalent number of genera
were also recorded. For example, Nicholas and Hodda (1999) registered 48 genera at
the coaser sand beach Dolphin at Australia. At Canadian Pacific beaches 24 genera were
recorded at lona Island (Sharma and Webster, 1983).

Cyatholaimidae, Xyalidae and Chromadoridae were the richest families,
nevertheless Xyalidae was the most abundant family. The richness of Xyalidae and
Chromadoridae families is quite reported in the literature about nematofauna for
different environments along the Brazilian coast (Venekey, Fonseca-Genevois, and
Santos, 2010). It was an expected result, once these families have a huge number of
genera and species distributed in a wide range of marine and estuarine habitats (Heip,
Vincx, and Vranken, 1985).

On Trindade island, there was a remarkable variation in abundance and richness
of the nematofauna, among seasons and zones, but not between beaches. In tropical and
subtropical areas, nematodes show seasonal shifts that are mainly related to food
availability (Alongi, 1990). This increase in abundance might be connected to a rise on
primary production of the coral reef around the island and microphytobenthos on the
beaches sediment. In addition, birds congregate close to the waterline to roost and feed,

disturbing superficial sediments (personal observations). Excreta and feces from birds
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may be a source of organic matter to the infaunal community (Palomo, Iribarne, and
Martinez, 1999).

Another factor that may explain the seasonal variation is the difference in salinity.
Nematodes are able to withstand differences in salinities, but species from the upper
shore are more capable of osmoregulating than those found in the lower shore (Foster,
1998). This scenario agrees with our findings of higher density in the upper tidal level
during the dry season.

Differences in the structure of the nematode assemblages were not detected
between beaches and zones, except for the high tidal zone and low tidal zone where the
epigrowth feeders (2A) and omnivores/predators (2B) were the most abundant groups.
The trophic composition of the nematode assemblage, in Trindade differs from the other
Brazilian oceanic islands. Netto, Attrill, and Warwick (1999a) found for Rocas Atoll,
low densities of omnivores/predators (2B) group in the whole atoll, but the proportion
of feeding types varyied significantly between habitats and between size categories.
Venekey, Esteves, and Fonseca-Genevois (2009) found for Archipelago of St. Peter and
St. Paul, the dominance of epigrowth feeders (Paracyatholaimus - 2A) and
omnivores/predators (Viscosia - 2B). However, in Trindade island the non-selective
detritivores (1B) was the predominant group in all seasons and beaches.

These differences could be related to the oligotrophic conditions prevailing in
Trindade island. The non-selective deposit feeders ingest a variety of material of
different sizes (Moens and Vincx, 1997). This variety may range from individual
bacteria to larger inorganic particles with attached bacteria. The presence of this trophic
group, typically more dominant in the fine sediment fraction, was high in coarse sands
of Trindade due to the predominance of Theristus sp2.

Viscosia sp., Parachanthonchus sp. and Theristus sp. were the most abundant
genera at the Trindade island beaches. The two latter genera belong to the families
Chromadoridae and Xyalidae, respectively. Chromadoridae can be a dominant family in
sediments of exposed sandy beaches (Urban-Malinga et al., 2004) and although
Xyalidae is mostly a dominant family in fine to medium sands (Gheskiere et al., 2004;
Gourbault and Warwick 1994; Nicholas and Hodda, 1999), Theristus (Family Xyalidae)
was already found to be a dominant genus in exposed and very coarse beaches
(Gourbault, Warwick, and Helléouet, 1998; Urban-Malinga et al., 2004).

The characterizations of meiofauna as well as nematofauna, in oceanic islands are

scarce due to logistics difficulties. The South Atlantic Ocean has few studies reported in
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scientific literature (i.e. Vincx et al., 1994) and this current work in Trindade is the first
conducted in this island and providing one of the first ecological data on the
meiobenthic community and nematode associations so far in islands of Southeast
Atlantic and unique related to sediment characteristics (volcanic). The present study
showed that the structure of meiofauna community and nematoda associations in the
island clearly varied along differents zones (HT, MT, LT) but not along beaches, which
in turn varies between climatic periods studied. Based on these results, the initials

hypothesis is accepted.
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Figure 1: Map showing the location of the Trindade’s Island. (adapted from Almeida,
2006).

Figure 2: Map showing the location of the four beaches studied (Tartarugas, Parcel,
Cabritos, Portugueses) in Trindade Island.
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Table 1: Environmental factors of the Trindade Beaches among zones (HT, MT, LT) and periods.

52

Mean Grain Size

Sal. Pluvi. (mm) Temp. (C°) (@) Sorting % Gravel % Sand Granulometry
Period Dry Rainy Dry Rainy Dry Rainy Dry Rainy Dry Rainy Dry Rainy Dry Rainy Dry Rainy
HT 40 40 0 2400 28 25 1765 0.8607 0.8559 0.5286 0 0 100 100 Medium - Coarse
Sand Sand
- Coarse Very
Tartarugas ~ MT 40 40 0 2400 22 24 08348 0767 0.6789 0 0 100 100 Coarse
0.0251 Sand sand
LT 40 40 0 2400 20 22 07149 038 07278 0.6072 0 0 100 100  Ccoarse  Coarse
Sand Sand
- Coarse very
HT 39 41 0 2400 32 27 05977 0.6353 0.5523 0 008147 100 99.92 Coarse
0.0779 Sand can
Parcel MT 39 41 0 2400 28 26  0.6407 00229 07906 0.6927 0 009928 100 99.9 Cso;nrje CSO:nrge
- Coarse very
LT 39 41 0 2400 27 24 009151 0.6915 0.6686 0 02354 100 99.76 Coarse
0.1118 Sand sand
HT 37 41 1200 2400 28 26 2271 1757 0695 04399 0098 01062 999 99.89 ;‘123 Mg:r']‘ém
Cabritos MT 37 41 1200 2400 26 25 1183 1734 1361 0.3994 0 04689 100 99.53 Mse;']‘ém Mggr']‘ém
LT 37 41 1200 2400 25 24 09403 05941 1341 1055 01994 06231 99.8 99.38 Cs";nr;e c;:nr;e
HT 38 43 1200 2400 34 21 06395 05453 037  1.055 0 0 100 100  coarse  Coarse
Sand Sand
Portugueses ~ MT 38 43 1200 2400 29 21 07414 04971 03764 03172 0 0 100 100 Csc’;nrje Cso;‘nrge
LT 38 43 1200 2400 21 20 0665 08153 0447 03548 0 0 100 100  coarse  Coarse
Sand Sand

Sal. = salinity; Pluvi. = pluviosity; Temp.= temperature; HT= high intertidal; MT= middle intertidal; LT= low intertidal.
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Table 2: PERMANOVA results for the structure of meiofauna communitie at Trindade

island.

Factor DF MS  Pseudo-F P (perm)
Season 1 13881 27.923 0.001*
Beach 3 6784.6 13.648 0.001*
Zone 2 6413 12.9 0.001*
Season X Beach 3 2657.7 5.3461 0.001*
Season X Zone 2 2558.6 5.1468 0.001*
Beach X Zone 6 731.73 1.4719 0.126
Season X Beach X Zone 6 1832.6 3.6865 0.001*
Residue 72 497.12
Total 95

53

* Significant differences (p < 0.05). DF = degrees of freedom, MS = mean squares, P =

probability, perm = permutations.



1 Table 3: Results of the paired tests for the structure of meiofauna community across beaches and seasons at Trindade island beaches.

54

Tartarugas Parcel Cabritos Portugueses Tartarugas Parcel Cabritos Portugueses Tartarugas Parcel Cabritos Portugueses

Tartarugas HT - 0.655 1.000 0.999 1.000 0.206 1.000 0.339 0.857 0.000* 1.000 0.314
Parcel HT 0.655 - 0.973 0.992 0.847 1.000 0.948 1.000 1.000 0.050* 0.982 1.000
Cabritos HT 1.000 0.973 - 1.000 1.000 0.655 1.000 0.814 0.998 0.001* 1.000 0.791
Portugueses HT 0.999 0.992 1.000 - 1.000 0.778 1.000 0.902 1.000 0.001* 1.000 0.886
Tartarugas MT 1.000 0.847 1.000 1.000 - 0.378 1.000 0.551 0.962 0.000* 1.000 0.521
Parcel MT 0.206 1.000 0.655 0.778 0.378 - 0.566 1.000 0.995 0.279 0.698 1.000
Cabritos MT 1.000 0.948 1.000 1.000 1.000 0.566 - 0.739 0.993 0.000 1.000 0.712
Portugueses MT 0.339 1.000 0.814 0.902 0.551 1.000 0.739 - 1.000 0.164 0.847 1.000
Tartarugas LT 0.857 1.000 0.998 1.000 0.962 0.995 0.993 1.000 - 0.018* 0.999 0.999
Parcel LT 0.000* 0.050*  0.001* 0.001* 0.000* 0.279 0.000* 0.164 0.018* - 0.001* 0.180
Cabritos LT 1.000 0.982 1.000 1.000 1.000 0.698 1.000 0.847 0.999 0.001* - 0.826
Portugueses LT 0.314 1.000 0.791 0.886 0.521 1.000 0.712 1.000 0.999 0.180 0.826 -

2 *Significant differences (p < 0.05).
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1 Table 4: PERMANOVA results for the structure of nematode assemblages at Trindade

2 island.

Factor DF MS Pseudo-F P (perm)
Season 1 17888 5.9664 0.001*
Beach 3 62125 2.0722 0.004*
Zone 2 11598 3.8685 0.001*
Season X Beach 3 73584 2.4544 0.004*
Season X Zone 2 3818.7 1.2737 0.23
Beach X Zone 6 6041.6 2.0152 0.001*
Season X Beach X Zone 6 3966.4 1.323 0.109
Residue 72 2998.1
Total 95

3 * Significant differences (p < 0.05). DF = degrees of freedom, MS = mean squares, P =

4  probability, perm = permutations.
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1 Table 5: Results of the paired tests for the structure of nematode assemblage across beaches and seasons at Trindade island beaches.
Tartarugas Parcel Cabritos Portugueses Tartarugas Parcel Cabritos Portugueses Tartarugas Parcel Cabritos Portugueses

Tartarugas  HT - 0.655  1.000 0.999 1.000 0.206  1.000 0.339 0.857 0.000*  1.000 0.314
Parcel HT 0.655 - 0.973 0.992 0.847 1.000  0.948 1.000 1.000 0.050*  0.982 1.000
Cabritos HT 1.000 0.973 - 1.000 1.000 0.655 1.000 0.814 0.998 0.001* 1.000 0.791
Portugueses HT 0.999 0.992 1.000 - 1.000 0.778 1.000 0.902 1.000 0.001* 1.000 0.886
Tartarugas ~ MT 1.000 0.847  1.000 1.000 - 0.378  1.000 0.551 0.962 0.000*  1.000 0.521
Parcel MT 0.206 1.000 0.655 0.778 0.378 - 0.566 1.000 0.995 0.279 0.698 1.000
Cabritos MT 1.000 0.948 1.000 1.000 1.000 0.566 - 0.739 0.993 0.000 1.000 0.712
Portugueses MT 0.339 1.000 0.814 0.902 0.551 1.000 0.739 - 1.000 0.164  0.847 1.000
Tartarugas LT 0.857 1.000  0.998 1.000 0.962 0.995  0.993 1.000 - 0.018*  0.999 0.999
Parcel LT 0.000* 0.050*  0.001* 0.001* 0.000* 0.279 0.000* 0.164 0.018* - 0.001* 0.180
Cabritos LT 1.000 0.982 1.000 1.000 1.000 0.698 1.000 0.847 0.999 0.001* - 0.826
Portugueses LT 0.314 1.000  0.791 0.886 0.521 1.000 0.712 1.000 0.999 0.180  0.826 -

2

* Significant differences (p < 0.05).
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32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47

List of nematode taxa recorded in Trindade island beaches.

PHYLUM NEMATODA
CLASS ENOPLEA
SUBCLASS ENOPLIA
ORDER ENOPLIDA
Suborder Oncholaimina
Superfamily Oncholaimoidea
Family Oncholaimidae
Oncholaimus Dujardin, 1845
Oncholaimus sp.
Pontonema Leidy, 1855
Pontonema sp.
Viscosia De Man, 1890
Viscosia sp.
Family Enchelidiidae
Belbolla Andrassy, 1973
Belbolla sp.
Eurystomina Filipjev, 1921
Eurystomina sp.
Suborder Ironina
Superfamily Ironoidea
Family Ironidae
Trissonchulus Cobb, 1920
Trissonchulus sp.
Family Oxystominidae
Oxystomina Filipjev, 1921
Oxystomina sp.

CLASS CHROMADOREA
SUBCLASS CHROMADORIA
ORDER CHROMADORIDA
Suborder Chromadorina
Superfamily Chromadoroidea
Family Chromadoridae
Innocuonema Inglis, 1969
Innocuonema sp.
Ptycholaimellus Cobb, 1920
Ptycholaimellus sp.
Spilophorella Filipjev, 1917
Spilophorella sp.
Family Cyatholaimidae
Longicyatholaimus Micoletzky, 1924
Longicyatholaimus sp.
Metacyatholaimus Stekhoven, 1942
Metacyatholaimus sp.
Paracanthonchus Micoletzky, 1924
Paracanthonchus sp.
Paracyatholaimus Micoletzky, 1922
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50
51
52

53
54
55
56
57

58
59
60
61
62
63

64
65
66
67
68
69
70
71
72
73
74
75
76
77

78
79
80
81
82
83
84
85
86
87

88
89
90
91
92

Paracyatholaimus sp.
Paralongicyatholaimus Stekhoven, 1942
Paralongicyatholaimus sp.
Pomponema Cobb, 1917
Pomponema sp.

ORDER DESMODORIDA
Superfamily Desmodoroidea
Family Desmodoridae
Metachromadora Filipjev, 1918
Pseudonchus Cobb, 1920

ORDER DESMOSCOLECIDA
Suborder Desmoscolecina
Superfamily Desmoscolecoidea
Family Desmoscolecidae
Tricoma Cobb, 1893

Tricoma sp

ORDER MONHYSTERIDA
Suborder Monhysterina
Superfamily Sphaerolaimoidea
Family Xyalidae
Amphimonhystrella Timm, 1961
Amphimonhystrella sp.
Prorhynchonema Gourbault, 1982
Prorhynchonema gourbaultae Nicholas & Stewart, 1995
Theristus Bastian, 1865
Theristus spl.
Theristus sp2.
Theristus sp3.
Xenolaimus Cobb, 1920
Xenolaimus sp.

ORDER ARAEOLAIMIDA
Superfamily Axonolaimoidea
Family Axonolaimidae
Ascolaimus Ditlevsen, 1919
Ascolaimus sp.
Odontophora Butschli, 1874
Odontophora sp.
Family Diplopeltidae
Araeolaimus De Man, 1888
Araeolaimus sp.

ORDER PLECTIDA
Superfamily Ceramonematoidea
Family Ceramonematidae
Pterygonema Gerlach, 1954

Pterygonema sp.
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CONCLUSAO E CONSIDERACOES FINAIS

A ilha da Trindade, de uma maneira geral, foi caracterizada por suas
aguas possuirem salinidades mais elevadas do que as de aguas oceanicas, e
os sedimentos das suas praias foram compostas principalmente de gréos
grosseiros moderamente selecionados. A excecdao foi a praia dos Portugueses,
gue foi composta por sedimentos finos bem selecionados.

A meiofauna foi composta por dez grupos, com namero de taxa maximo
no periodo seco. Entre os grupos presentes, Nematoda e Copepoda foram
numericamente dominates em todas as praias e zonas. As maiores densidades
e riqgueza foram encontradas no periodo seco em comparagdo ao periodo
chuvoso.

A nematofauna foi composta por vinte e sete géneros, pertencentes a
doze familias, sendo Cyatholaimidae, Xyalidae, Oncholaimidae e
Chromadoridae as principais. A familia mais abundante foi Xyalidae, tendo
como seu principal representante Theristus sp2, presente em todas as praias e
zonas nos periodos estudados. As maiores densidades e riquezas foram
encontradas no periodo seco em comparacdo ao periodo chuvoso. Os
comedores de depdsitos ndo-seletivos (1B) foi o grupo dominante em todas as
praias e zonas da ilha da Trindade.

Com base nesses resultados, pode-se afirmar que ha diferenca na
estrutura da comunidade meiobéntica e das associacoes de Nematoda em
diferentes posicbes (médiolitoral superior, médiolitoral médio e médiolitoral
inferior) na face praial, que por sua vez, varia entre os diferentes periodos
climaticos estudados, concordando assim com as hipoteses iniciais do trabalho.

Os resultados obtidos nesse estudo, fornecem um dos primeiros registros
sobre a ecologia desses organismos em praias vulcanicas de uma ilha
oceanica remota. Em futuros estudos, sugere-se que outros fatores ambientais
(por exemplo, perfil praial, clorofila-a e matéria organica) e um sistema de
amostragem envolvendo outras praias e/ou camadas do sedimento devem ser
consideradas para uma melhor compreensdo da estrutura da comunidade

meiobéntica e associacdes de Nematoda nesse ambiente tdo peculiar.
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Journal of the Marine Biological Association of the United Kingdom FORMAT
Revised May 2015
Please read these instructions carefully

Manuscripts submitted to the JMBA must be original, not under consideration
elsewhere and approved by all authors and institutions prior to submission. Papers
should be written in clear succinct English and sentences must not start with an
abbreviation. Acronyms must be written in full on their first occurrence and Sl units
should be used. Scientific names must be italicized (not underlined) and their first
mention after the Abstract must be followed by the Authority and date in parenthesis
when appropriate. Manuscripts should be arranged in the following order: Running
Head, Title, Author(s), Address(es), Abstract, Keywords, Introduction, Materials and
Methods, Results, Discussion, Acknowledgements, References, Figure Legends, Tables
and Appendices.

Manuscripts which do not comply with publication standards of written English will be
rejected on submission. Cambridge recommends that authors have their manuscripts
checked by an English language native speaker before submission; this will ensure that
submissions are judged at peer review exclusively on academic merit. We list a number
of third-party services specialising in language editing and / or translation, and suggest
that authors contact as appropriate. Use of any of these services is voluntary, and at the
author's own expense.
http://journals.cambridge.org/action/stream?pageld=8728&level=2&menu=Authors&pa

geld=3608
Please note that the journal uses software to screen papers where there is reason to

believe that material may not be original. By submitting your paper you are agreeing to
any necessary originality checks your paper may have to undergo during the peer
review and production processes.

Submission. Please submit the manuscript for review to:

http://mc.manuscriptcentral.com/imba

Suggested reviewers. Please suggest the names, institutions and e-mail addresses of up

to four potential reviewers.
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Suggested reviewers should be selected from an INTERNATIONAL (at least three
different countries) and not a LOCAL (from author(s) own country or laboratory) group
of scientists in the research field of the paper.

Experimental design. All studies must have been conducted in accordance with
institutional, national and international guidelines concerning the use of animals in
research and/or the sampling of endangered species.

Preparation. The JMBA invites contributions as:

1. Research articles + figures + tables.

2. Reviews of current topics of interest.

E-mail. Please provide an e-mail address for the corresponding author. This will appear
on the title page of each article.

Title (bold font). Should be no more than 20 words with no authorities associated with
the species. A running head of not more than 43 characters should be suggested.
Authors addresses should follow the title. Use superscript numbers to indicate different
addresses.

Abstracts (italic font). A concise abstract should outline the scope, main results and
conclusion(s) of the paper without discussion or authorities associated with species.
Species name(s) will be roman (normal).

Keywords. Please provide up to ten key words.

Headings. Follow the style and hierarchy for each section as shown below (but see
later for taxonomy):

INTRODUCTION, MATERIALS AND METHODS (1st heading, upper case, left
justified).

RESULTS (1st heading, upper case, left justified) then:

The sampled population (2nd heading, bold, left justified)

DENSITYAND BIOMASS (3rd heading, small caps, left justified) Reproduction and
development (4th heading, lower case italics, left justified)

DISCUSSION (1st heading, upper case, left justified). Subheadings, if used, should
follow the instructions under RESULTS.
ACKNOWLEDGMENTS (1st heading, upper case, left justified). You may
acknowledge individuals or organizations that provided advice, support (non-financial).

Formal financial support and funding should be listed in the following section.
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FINANCIAL SUPPORT. Please provide details of the sources of financial support of
all authors, including grant numbers. For example, ‘This work was supported by the
Medical Research Council (grant number XXXXXXX)’. Multiple grant numbers should
be separated by a comma and space, and where research was funded by more than one
agency, the different agencies should be separated by a semi-colon, with ‘and’ before
the final funder. Grants held by different authors should be identified as belonging to
individual authors by the authors’ initials. For example, ‘This work was supported by
the Wellcome Trust (A.B., grant numbers XXXX, yyyy), (C.D., grant number ZZZZ);
the Natural Environment Research Council (E.F., grant number FFFF); and the National
Institutes of Health (A.B., grant number GGGG), (E.F., grant number HHHH)’. Where
no specific funding has been provided for research, please provide the following
statement: ‘This research received no specific grant from any funding agency,
commercial or not-for- profit sectors’.

Taxonomy should be presented as follows:

SYSTEMATICS (1st heading, upper case, centre justified)

Order AMPHIPODA Latreille, 1816
Suborder GAMMARIDEA Latreille, 1803
Family UROTHOIDAEBousfield, 1978
Genus Carangolia Barnard, 1961

Carangolia barnardi sp. nov. (Figures 1-6)

Carangolia spp.: Elizalde et al., 1993; Sorbe & Weber, 1995; Dauvin &Sorbe, 1995.
(left justified)

TYPE MATERIAL (taxonomic sub-headings, small caps, left justified)

Holotype: adult female (oostegites developed) 2.69 mm, completely dissected and
mounted on 12 slides. (OXYBENT VIII, TS05-R, N4; coordinates: 43°49.34'N
02°02.74'W; water depth: 550 m) (MNHN-AmM5129); coll. J.-C. Sorbe, 19 April 1999.
Paratype: adult male (penile papillae developed) 3.88 mm partially dissected, with both
first antennae, maxillipeds, epimeral plates, pleopods, and second antenna and second
gnathopod mounted on three slides; rest as five pieces preserved in 70% ethanol.
(ECOMARGE 93, TS08-A, Ni; 44°34.57'N 02°12.60'W; water depth: 740—746 m)
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(MNHN-AmM5130); coll. J.- C. Sorbe, 23 June 1993. Twenty-one additional specimens
in J.- C. Sorbe Collection.

COMPARATIVE MATERIAL EXAMINED

Carangolia cornuta Bellan-Santini & Ledoyer, 1986. Holotype: female completely
dissected on single slide (Museo Civico di Storia Naturale di Verona, slide no. 3276);
RV ‘Marion Dufresne’ Cruise MDO08 to Marion and Prince Edward Islands, Station
17BB97 (Marion Island: 46°52.5'S 37°53.5'E); collected on 25 March 1976 with Okean
grab on muddy sand, 110 m depth.

Text files should be submitted as line-numbered Microsoft

Word files and should include Figure legends.

Figures. Should be referred to in full in the body of the text (e.g. Figure 1). Figure
legends should take the following style:

Fig. 1. Ceratothoa collaris Schioedte & Meinert, 1883, adult female: (A) pereopod 1;
(B) pereopod 7; (C-G) pleopods 1-5 ventral view; (H) uropods. Scale bars: A-G, 2
mm; H, 3 mm.

Figures’ submission. IMAGES should be submitted as tif (preferably), jpg or png file-
types. FIGURES SUPPLIED AS EMBEDDED OBJECTS IN MICROSOFT WORD
OR AS PDF FILES CANNOT BE ACCEPTED. To ensure adequate print quality,
please submit greyscale tif files NO LESS than 1200 pixels wide and NO MORE than
2500 pixels wide. These correspond to 300 dpi (118 pixels/cm) resolution at single (8.5
cm) and double (17.5 cm) column size respectively. The width should be checked in
image editing software such as Photoshop, PaintShop Pro etc. Very high resolution
images should be reduced to 2500 pixel width BEFORE submission to avoid uploading
problems during submission.

Colour images cost £200 (GBP) per page in print but are free in the online version. To
have a colour image online and a greyscale version in print it is ESSENTIAL to submit
BOTH greyscale and colour versions. THE JOURNAL WILL NOT CONVERT
COLOUR IMAGES TO GREYSCALE. If you request colour figures in the printed
version, you will be contacted by CCC-Rightslink who are acting on our behalf to
collect Author Charges. Please follow their instructions in order to avoid any delay in
the publication of your article.

Failure to follow these guidelines may delay the processing of manuscripts.
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The bit depth should be set to 2-colour (1 bit) for black and white line drawings or
greyscale (8 bit) for images incorporating shades of grey. Colour images may be of
whichever depth is most suitable. Halftones should be grouped as composites or as
individual pictures and a scanned electronic version submitted with the revised text.

All figures should be labelled with a medium weight sans serif font of an appropriate
size to result in 8 point (3.33 mm) type when reduced to published size. If figures are in
parts, please label with upper case letters (A, B, C etc.) in the top left corner of each
part.

Tables should be submitted as Microsoft Word tables. the journal cannot accept
text formatted with tab characters or images of tables embedded in word files.
Tables should not be excessive in size and headed by informative legends. Legend,
headings and footnote are delimited by horizontal lines as shown in the example below;
table headers are centred and roman (normal) typeface. Column headings are bold. The

table below gives an example of layout:
Table 1. Tenacity of EIminius modestus and Balanus perforatus cypris larvae to natural
biofilms developed at high (83 s-1) and low (15 s-1) shear rates. Forces of temporary

adhesion are given as 104Nm~.

Eliminus modestus Balanus perforatus
Surface N Mean +5E N Mean  +5F
Nobiofilm 30 8.19 0.258 30 6.75 0.179
Low shear 30 7.59 0274 30 494 0.136
High shear 30 020 0.219 30 6.50 0.162
Bartlett’s statistic = 1.44; Bartlett’s statistic =
P=0.486 279 P=0248
N. number; SE, standard error.

Failure to follow these guidelines may delay the processing of manuscripts.
Genus and species names should be italicized and appear in full at each mention in a
new section and if starting a sentence. In italicized text (Abstracts) species names
should be normal typeface.

Citation of literature. References in the text should refer to the author’s name (no
initials) and year of publication. Two authors should be cited using ‘&’ (Rainbow &
Dellinger, 1993); for more than two authors, the name of the first author followed by ‘et

al.” (Lallier et al., 1987). When citing more than one publication use date order and a
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semi-colon as a separator, e.g. (Mykels & Skinner, 1985a, b; Skinner, 1996; Gorind et
al., 1997). The manuscript should be carefully checked to ensure the details of authors
and dates cited in the text exactly match those in the reference list. Cross checking of
references in the text to the cited literature and vice versa is the responsibility of the
author. All literature quoted in the text must be listed in alphabetical and chronological
order of author names at the end of each manuscript. When more than one publication
with the same first author is cited the following order alphabetically applies: (a) single
author, according to publication dates; (b) same author and one co-author; (c) same
author and more than one co-author.

The style follows the full name according to the ‘World List of Scientific Periodicals’
latest edition, London. Titles of journals must be written in FULL (not abbreviated) and
references to books should include the place of publication and the publisher.

Dashes. Hyphen between connecting words; en-dash between ranges e.g. 3-10, B-G,
and between opposite words e.g. male— female pairs, size—frequency, etc.
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