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RESUMO 
 
 
Os oligoquetas “strictu sensu” (i.e. Clitellata, exceto Hirudinea, Branchiobdellida e 
Acanthobdellida) são encontrados em uma grande variedade de ambientes, desde 
regiões costeiras como estuários e manguezais até ambientes extremos como as 
fossas hadais e glaciais. Historicamente, os oligoquetas foram classificados em dois 
principais grupos, os Microdrilli, formas menores, geralmente associadas à água e 
os Megadrilli, formas maiores associadas a ambientes terrestres. Aproximadamente 
600 das 1700 espécies aquáticas conhecidas são marinhas. As formas marinhas 
são geralmente pequenas, variando entre menos de 1 milímetro e poucos 
centímetros de comprimento. As espécies mais abundantes pertencem à 
controversa família Tubificidae/Naididae, com cerca de 450 marinhas. Outras 
famílias com representantes marinhos são  Enchytraeidae, Capilloventridae e 
Randiellidae. Os oligoquetas marinhos são numericamente importantes nas 
associações bênticas marinhas e exercem um importante papel na produtividade 
secundária, remineralizando nutrientes tornando-os novamente disponíveis para os 
produtores primários. Entretanto, por serem muito similares ou mesmo 
indistinguíveis, são raramente identificados em nível especifico, genérico ou mesmo 
no nível de família, sendo reportados simplesmente como “Oligochaeta” na maioria 
dos estudos ecológicos. Algumas espécies como Tubificoides benedii são 
conhecidas pela alta tolerância a poluição por enriquecimento orgânico. Os 
oligoquetas podem se reproduzir tanto sexuada como assexuadamente. O ciclo de 
vida destes organismos também é muito pouco conhecido e a escassez de estudos 
deve-se principalmente a: (1) ausência de classes discretas de idade; (2) tanto o 
tamanho do corpo como o número de segmentos não são características precisas 
do estagio de maturidade; (3) o tempo consumido na análise do estágio de 
maturidade de cada espécime em microscópio; (4) os casulos das diferentes 
espécies de oligoquetas marinhos não são identificáveis por características 
morfológicas. A diversidade de oligoquetas marinhos é bem conhecida em 
praticamente todo o hemisfério norte. No entanto, o conhecimento taxonômico dos 
oligoquetas marinhos no Atlântico Sul é claramente insatisfatório. Apesar de alguns 
estudos pontuais entre as décadas de 50 e 80 no século passado, o grupo 
permanece ignorado pela comunidade científica local. Neste contexto, esta tese traz 
importantes avanços para o conhecimento do grupo na região, sumarizando o 
conhecimento atual através de uma revisão bibliográfica atualizada e mais cinco 
capítulos em forma de artigos científicos. O primeiro artigo faz uma visão crítica do 
conhecimento atual dos oligoquetas marinhos no Brasil. Ainda neste artigo, a 
distribuição geográfica do naidídeo (sensu Erséus et al., 2008) Tectidrilus c.f. 
gabriellae, originalmente descrito para a Ilha Bela, São Paulo e conhecida também 
para algumas regiões do Caribe é estendida para a Baía de Paranaguá, Paraná. O 
segundo artigo traz o primeiro registro de uma espécie aqueta (desprovida de 
cerdas) do gênero Marionina para América do Sul. Esta espécie é muito similar a 
Marionina nevisensis descrita para Ilha de Nevis no Caribe, entretanto, análises 
moleculares preliminares sugerem se tratar de uma nova espécie. No terceiro artigo 
é proposta uma nova hipótese filogenética além da descrição de nove novas 
espécies de outro gênero de Enchytraeidae, Grania. Sete destas espécies, Grania 
brasiliensis sp. nov do Brasil; Grania bekkouchei sp. nov., Grania cryptica sp. nov., 
Grania capensis sp. nov., Grania simonae sp. nov., da África do Sul, Grania 
hinojosai sp. nov. e Grania chilensis sp. nov., do Chile são o primeiro registro do 
gênero tanto no continente africano como no sul-americano, e duas, Grania unitheca 
sp. nov., e Grania carolinensis sp. nov., novos registros para América do Norte. O 
quarto artigo fornece a primeira lista das espécies de Grania, incluindo dados 
históricos e recentes de todas as espécies válidas descritas até hoje, suas 
respectivas sinonímias, além de informações a respeito da sua distribuição 



geográfica. Ao todo foram registradas 80 espécies, descritas nos cinco continentes, 
contemplando as bacias oceânicas e o ambiente antártico. No quinto artigo, a 
monofilia de 80 espécimes do Atlântico sul e Antártica foi estatisticamente testada 
através da combinação de quatro métodos estatísticos. Foram identificadas 32 
espécies potenciais pertencentes a duas familias de oligoquetas marinhos. Neste 
artigo, as espécies Doliodrilus fibrisaccus, Limnodriloides pierantonii, L. rubicundus, 
L. sacculus, Paranais frici, Stephensoniella sterreri e Thalassodrilides gurwitsch, são 
registradas pela primeira vez na costa leste da América do Sul (Brasil). Este artigo 
confirma ainda a utilidade das abordagens moleculares na identificação de 
oligoquetas marinhos que são dificilmente identificáveis unicamente pela morfologia. 
 
Palavras-chave: Oligoquetas marinhos; marcadores moleculares; filogenia 
molecular; taxonomia; Atlântico Sul 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

ABSTRACT 
 

 
The oligochaetes “strictu sensu” (i.e. Clitellata, exept Hirudinea, Branchiobdellida e 
Acanthobdellida) are found in a large variety of environments, from coastal regions 
such as estuaries and mangroves to extreme habitats such as glaciers and hadal 
trenches. Historically, oligochaetes have been divided into two groups, “Microdrili”, 
the smaller worms generally associated with the aquatic environment, and 
“Megadrili”, the larger forms most of which are found in terrestrial habitats. 
Approximately 600 of 1700 known aquatic species are marine. The marine forms are 
generally small, ranging from less than 1 millimeter to a few centimeters long. Among 
the marine taxa, the most abundant belong to the controversial family Tubificidae / 
Naididae, with about 450 species Other groups with marine representatives are 
Enchytraeidae, Capilloventridae, and Randiellidae. Marine oligochaetes are 
numerically important in marine benthic assemblages, and play an important role in 
the secondary productivity, remineralizing nutrients and making them  available again 
to the primary producers. However, due their morphological similarity, they are rarely 
identified to species, genus or even to family level, and frequentely reported as 
"Oligochaeta" in most ecological studies. Some species such as Tubificoides benedii 
are known for the high tolerance to pollution by organic enrichment.The marine 
oligochaetes are able to reproduce sexually and asexually. The life cycle of these 
organisms is also poorly known, and the lack of studies is mainly due to: (1) absence 
of discrete age classes; (2) Neither body size nor number of segments are precise 
features of maturity stage; (3) the time consumed in the analysis of the stage of 
maturity of each specimen under a microscope; (4) the cocoons of different species 
are not identifiable by morphological features. The diversity of marine oligochaetes is 
well known in the northern hemisphere. However, the taxonomic knowledge of 
marine oligochaetes in the South Atlantic is clearly unsatisfactory. Although some 
sporadic studies between the 50’s and 80’s in the last century, the group remains 
ignored by the local scientific community. In this context, this thesis provides 
important advances in the knowledge of the group in the South Atlantic, summarizing 
current knowledge of this fauna through an updated literature review and five 
chapters written in the form of scientific articles.The first article is a critical overview 
of the current knowledge of marine oligochaetes in Brazil. In this article, the 
geographical distribution of the naidid (sensu Erséus et al., 2008) Tectidrilus c.f. 
gabriellae, originally described for Ilha Bela, São Paulo and also known for some 
regions of the Caribbean is extended to Bay of Paranaguá, Paraná. The second 
article presents the first record of an achaeta species (species that devoid of 
chaetae) of the geneus Marionina to South America. This species is very similar to 
Marionina nevisensis described for Nevis Island in the Caribbean however, 
preliminary molecular analysis suggests it is a new species. In the third article, we 
provide a new phylogenetic hypothesis and also the description of nine new species 
of another Enchytraeidae genus, Grania. Seven of these species Grania brasiliensis 
sp. nov. from Brazil; Grania bekkouchei sp. nov.; Grania cryptica sp. nov.; Grania 
capensis sp. nov.; Grania simonae sp. nov., from South Africa, Grania hinojosai sp. 
nov. and Grania chilensis sp. nov., from Chile are the first report for for this genus in 
both, Africa and South America, and two, Grania unitheca sp. nov., and Grania 
carolinensis sp. nov., new records for North America. The fourth article provides the 
first list of Grania species, including historical and recent data of all valid species 
described to date, their respective synonyms, and information about their 
geographical distribution. A total of 80 species were recorded described in all five 
continents, covering the ocean basins and Antarctic region. In the fifth article, the 



monophyly of 80 species of the South Atlantic including Antarctica was statistically 
tested by combining four statistical methods. We could identify 32 potential species 
belonging to two families of marine oligochaetes. In this article, the species 
Doliodrilus fibrisaccus, Limnodriloides pierantonii, L. rubicundus, L. sacculus, 
Paranais Frici, Stephensoniella sterreri, and Thalassodrilides gurwitschi are recorded 
for the first time from the eastern coast of South America (Brazil). This study also 
confirms the usefulness of molecular approaches to identify marine oligochaetes 
which are hardly identifiable through  morphology only. 
 
Keywords: Marine oligochaetes; molecular markers; molecular phylogeny; 
taxonomy; South Atlantic 
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Introdução 
 
Relações filogenéticas de Annelida, Clitellata e Oligochaeta: um campo 

controverso 

 

  O relacionamento filogenético dos Annelida entre si e com outros grupos de 

invertebrados é motivo de intenso debate na biologia evolutiva dos Metazoa 

(Rouse & Fauchald 1997; Bartolomaeus et al. 2005; Rousset et al. 2007; Struck et 

al. 2007; Weigert & Bleidorn, 2016). Com base principalmente em características 

morfológicas, o filo tem sido tradicionalmente dividido em Polychaeta e Clitellata 

(Rouse & Fauchald, 1997; Brusca & Brusca, 2003) ou Polychaeta, Oligochaeta e 

Hirudinea (Marshall & Williams, 1972; Ruppert et al., 2005).  

   Em uma primeira abordagem filogenética, conduzida a partir de uma matriz 

de dados morfológicos bastante abrangente, Rouse & Fauchald (1997) 

propuseram um divisão dos Polychaeta em dois clados distintos, Palpata 

(subdividido em Canipalpata e Aciculata)  e Scolecida (Figura 1). Neste estudo, as 

famílias Aelosomastidae e Potamodrilidae, até então referidas a Oligochaeta, 

foram pela primeira vez  posicionadas dentro de Polychaeta, enquanto Clitellata, 

Echiura e Sipuncula foram classificados como grupos monofiléticos, separados dos 

demais. 

` As primeiras tentativas de reconstrução da filogenia dos Annelida com base 

em dados moleculares datam do final do século XX e começo do XXI. A maioria 

destes estudos foi baseada em apenas um marcador (18S RNA) (Struck et al., 

2002; Blaidorn et al., 2003; Weigert & Bleidorn, 2016). Estes estudos, no entanto, 

cobriam apenas uma pequena fração da diversidade de anelídeos e não foram 

suficientemente robustos para reconhecer Palpata, Canipalpata e Scolecida, e 

mesmo Polychaeta como grupos monofiléticos (Weigert & Bleidorn, 2016). Mesmo 

assim, a incorporação de dados moleculares já fornecia evidências satisfatórias 

para inclusão de Siboglinidae (Pogonophora + Vestimentífera) e Echiura dentro de 

Annelida e um suporte adicional para o posicionamento de Clitellata dentro de 

Polychaeta (McHugh 2000; Bleidorn et al. 2003; Weigert & Bleidorn, 2016). 
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Figure 1: Filogenia proposta por Rouse & Fauchald (1997). (Fonte: Weigert & 
 Bleidorn, 2016). 
"
   Na medida em que as técnicas moleculares foram se tornando mais 

acessíveis e com incorporação de outros genes (e.g. 28S rRNA, 16rRNA, H3, U2 

snRNA, e COI), houve um aumento considerável na resolução das análises 

filogenéticas. Através destas abordagens “multi-locus”, muitas vezes em conjunto 

com dados morfológicos, algumas relações filogenéticas, como a inclusão de 

Siboglinidae, Echiura e Clitellata dentro de Annelida/Polychaeta foram resolvidas 

(Struck et al., 2007; Rousset et al., 2007), com poucas controvérsias 

(Christoffersen, 2012). Entretanto, a monofilia de Annelida ainda permaneceu 

controversa (Rousset et al., 2007; Zrzavý et al. 2009; Weigert & Bleidorn, 2016). 

Embora com um suporte fraco, o primeiro estudo reportando Annelida como grupo 

monofilético e incluindo Sipuncula foi conduzido por Struck et al. (2007). 

Entretanto, a posição filogenética de certos táxons como Myzostomida e 

Diurodrilidae continuou obscura (Struck et al., 2011; Weigert & Bleidorn, 2016).  

  Finalmente, com o surgimento de novas técnicas moleculares, incluindo os 

chamados sequenciamentos de nova geração, novas hipóteses filogenéticas 

robustas e que corroboram a monofilia de Annelida foram propostas (Struck et al., 
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2011; Weigert et al., 2014; Struck et al., 2015; Weigert et al., 2016;  Weigert & 

Bleidorn, 2016). De acordo com estes estudos, atualmente os anelídeos são 

compostos por dois grandes grupos monofiléticos: Errantia (incluindo 

Myzostomida) e Sedentaria (incluindo Clitellata e Echiura), que juntos formam os 

Pleistoannelida (Struck, 2011), e por mais 5 linhagens consideradas basais, 

Sipuncula, Amphinomida, Chaetopteridae, Magelonidae e Oweniidae (Weigert et 

al., 2014; Weigert & Bleidorn, 2016) (Figura 2).  

 

"
Figure 2: Relações filogenéticas de Annelida de acordo com o conhecimento         
atual. (Fonte: Weigert & Bleidorn, 2016). 
  
  Nesta nova “visão filogenética”, Clitellata, antes considerado um grupo 

irmão, é visto agora como um clado monofilético dentro de Polychaeta (Struck et 

al., 2011; Weigert et al., 2014; Struck et al., 2015; Weigert et al., 2016; Weigert & 

Bleidorn, 2016). Entretanto, se comparados a Polychaeta, os Clitellata em geral, 

principalmente os marinhos, são pobremente representados em todos os estudos 

filogenéticos recentes. Como exemplo desta baixa representatividade, Struck et al. 

(2007) incluiram em sua análise apenas cinco espécies, das quais três 

lumbricídeos terrestres, um naidídeo dulcícola e um hurudíneo. Zrzavý et al. 

(2009) incluíram quatro táxons, um capilloventrídeo estuarino/dulcícola, um 

naidídeo dulcícola, um lumbricídeo terrestre e um hirudíneo. Struck et al. (2011) 

consideraram oito táxons, três lumbricídeos e um megascolecídeo terrestres, um 
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tubificídeo (naidídeo sensu Erséus et al., 2008) dulcícola e três hirudíneos. Weigert 

et al. (2014) e Struck et al. (2015) contemplaram dez táxons, três lumbricídeos e 

dois megascolecídeos terrestres, dois naidídeos dulcícolas e três hirudíneos.  O 

estudo mais abrangente em termos de Clitellata é o de Rousset et al. (2007). 

Mesmo assim, dos dezoito táxons utilizados, apenas a espécie Tubificoides 

amplivasatus é exclusivamente marinha.    

Por outro lado, a monofilia de Clitellata é bem fundamentada tanto por 

abordagens morfológicas como moleculares (Erséus, 2005; Marotta et al., 2008). 

Estudos filogenéticos unindo dados moleculares e caracteres morfológicos 

fornecem fortes evidências de que os oligoquetas pertencentes à ordem 

Lumbriculida são um grupo irmão dos ectoparasitas compostos por Hirudinida, 

Acanthobdellida e Branchiobdellida (Martin, 2001; Siddall et al., 2001; Erséus & 

Källersjö, 2004; Martin et al., 2007; Marotta et al., 2008) (Figura 3). Desta forma, os 

oligoquetas tornam-se parafiléticos (Rousset et al., 2007), ou todo o grupo, 

incluindo os tradicionais oligoquetas e hirudíneos, pode ser denominado de 

Oligochaeta (Siddall et al., 2001; Martin et al., 2007) ou Clitellata (Martin, 2001; 

Erséus & Kallersjo, 2004; Rousset et al., 2007).  

Embora existam argumentos para utilizar as duas nomenclaturas, o nome 

Clitellata é mais comumente utilizado devido à presença de uma sinapomorfia 

(clitelo) em hirudíneos e oligoquetas. Nesta tese optei pelo uso do termo 

Oligochaeta por ser menos inclusivo (i.e. Clitellata, exceto Hirudinea, 

Branchiobdellida e Acanthobdellida).   

  A origem aquática de Clitellata foi confirmada na última década (Rousset et 

al. 2008), entretanto ainda não se sabe se o ancestral comum a todos os clitelados 

é originário de ambientes marinhos ou de água doce. A família Capilloventridae, 

posicionada filogeneticamente como grupo irmão dos clitelados atuais (Erséus & 

Källersjö, 2004), possui representantes tanto marinhos como dulcícolas, o que 

dificulta bastante as inferências a respeito do habitat do ancestral comum.  

  Os oligoquetas “stricto sensu” (i.e. Clitellata, exceto Hirudinea, 

Acanthobdellida e Branchiobdellida)  colonizaram uma grande variedade de 

ambientes, desde regiões costeiras como estuários e manguezais (Erséus, 2005) 

até ambientes extremos como sedimentos finos das fossas hadais (Rota & Erséus, 

2003; Erséus & Rota, 2003) e glaciais (Hartzell et al., 2005). Podem ser 
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encontrados em uma ampla gama de microhabitats como os espaços intersticiais 

dos sedimentos, vegetação aquática, matéria orgânica em decomposição, etc.  

Historicamente, os oligoquetas foram classificados em dois principais grupos, 

relacionados com o tamanho e o habitat, incluindo formas menores, geralmente 

associadas à água e formas maiores associadas a ambientes terrestres (Erséus, 

2005). Benham (1890) chamou estes grupos respectivamente de Microdrili e 

Megadrili. Utilizando esta nomenclatura, Beddard (1895) redefiniu Microdrili para 

incluir a família Naidomorpha (Naididae na terminologia recente), um grupo 

reportado por Benham como uma subclasse, separada de outros oligoquetas 

(Erséus 2005). 

 

 
 Figura 3: Filogenia de Clitellata. (Fonte: Morotta et. al., 2008) 

 

  A maioria dos caracteres diagnósticos que separam os clitelados dos outros 

anelídeos está relacionada com sua biologia reprodutiva (e.g. presença de clitelo, 

hermafroditismo, a organização dos órgãos reprodutivos, prostômio reduzido, a 

ausência de órgãos prostomiais). Entretanto, características como a ausência de 

larva trocófora, órgãos copulatórios e mesmo o hermafroditismo também são 
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descritas para algumas espécies intersticiais de poliquetas (Westheide, 1971). 

Portanto, não podem ser considerados atributos exclusivos dos clitelados 

(Rodriguez & Reinoldson, 2011). 

  Os oligoquetas também possuem o prostômio (menos conspícuo do que 

em poliquetas) desprovido de apêndices, uma boca anterior ventral, um ânus 

posterior no pigídio (figura 4a), intestino recoberto por células peritoniais 

modificadas, os cloragógenos, que são responsáveis pela síntese de proteínas 

pela estocagem de glicogênio. Geralmente possuem quatro feixes de cerdas 

quitinosas segmentalmente dispostas ao longo da maior parte do corpo. 

Entretanto, em contraste com os poliquetas, estes não são localizados em 

parapódios (Rodriguez & Reinoldson, 2011).  

 

 
  Figura 4: (a) Anatomia generalizada de um oligoqueta; (b) casulo com 

embriões. Fonte: Rodriguez & Reinoldson, 2011. 

 

  O clitelo é um órgão reprodutivo característico que se desenvolve em forma 

de anel ou sela, localizado ao redor ou atrás do poro feminino quando o indivíduo 

atinge a maturidade sexual. O clitelo secreta um casulo onde os ovos são 

depositados e fertilizados, fornecendo tanto a cobertura externa como o conteúdo 
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interno necessário para o desenvolvimento direto dos embriões (Rodriguez & 

Reinoldson, 2011) (Figura 4b). 

  Atualmente, são conhecidas cerca de 1700 espécies de oligoquetas 

aquáticos, das quais aproximadamente 600 são marinhas (Erséus, 2005; Martin et 

al. 2007). Com exceção de alguns gêneros, são animais geralmente pequenos, 

variando entre menos de 1 milímetro e poucos centímetros de comprimento. Por 

este motivo, parte dos oligoquetas marinhos são também reportados como 

intersticiais ou meiofaunais (Erséus, 1988). 

 

Arranjos taxonômicos de oligoquetas recentes no nível de famílias 

   

  Os oligoquetas marinhos e estuarinos mais frequentes pertencem à 

controversa família Tubificidae/Naididae, que tem aproximadamente 1000 

espécies, das quais cerca de 450 marinhas (Martin et al, 2007). Características 

morfológicas (Erséus, 1990; Brinkhurst, 1994) e dados moleculares (Christensen & 

Thiesen, 1998; Erséus et al., 2000, 2002; Siddall et al., 2001; Erséus, 2005; Sjölin 

et al., 2005; Envall et al., 2006) suportam a premissa de que todos os membros da 

antiga família Naididae Ehrenberg, 1828 estão filogeneticamente dentro de 

Tubicifidae Vejdovský, 1876. Por esta razão, Erséus & Gustavsson (2002) 

propuseram que estes táxons deveriam ser agrupados em uma só família, de 

maneira a permitir a parafilia de Tubicifidae. Sugeriram então que todos os 

Naididae fossem tratados como membros de Tubicifidae, reportando Naidinae 

como uma subfamília dentro deste táxon. Entretanto, não deixaram de reconhecer 

Naididae como o nome mais antigo das duas famílias, e ressaltaram que o novo 

arranjo poderia violar o princípio da prioridade como estipulado pelo ICZN (1999). 

Tentando evitar o problema, Erséus et al., (2005) solicitaram à Comissão 

Internacional de Nomenclatura Zoológica a precedência de Tubicifidae sobre 

Naididae, com a justificativa de ser o grupo mais inclusivo entre os dois. O pedido 

foi rejeitado com base no princípio da prioridade (ICZN, 2007: Opinião, 2167; caso, 

3305). Deste modo, permanece válida a família Naididae (sensu Erséus et al., 

2008),  dividida em oito subfamílias: Naidinae Ehrenberg, 1828, Pristininae 

Lastockin, 1921 (com um único gênero, Pristina), Tubificinae Vejdovský, 1876, 

Telmatodrilinae Eisen, 1879, Rhyacodrilinae Hrabě, 1963, Phallodrilinae Brinkhurst, 
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1971, Limnodriloidinae Erséus, 1982, Opistocystinae Černosvitov, 1936 

(anteriormente tratada como família) (Erséus et al. 2010), a maioria com 

representantes marinhos. Limnodriloidinae é quase exclusivamente marinha, com 

exceção de Doliodrilus puertoricensis (Erséus & Milligan, 1988). Phallodrilinae, 

apesar de compreender algumas espécies exclusivamente dulcícolas, é 

primariamente marinha (Martin et al, 2007). Nesta revisão, Naididae e Tubificidae 

são tratadas como famílias distintas na medida em que nenhuma diagnose formal 

do conceito estendido de Naididae foi publicada até o presente momento (Erséus, 

com. pess.). As diagnoses de Naididae e Tubifidae a seguir são aquelas de Giere 

& Pfannkuche (1982).   

Diagnose (Tubificidae): Cerdas dorsais e ventrais frequentemente dissimilares, a 

maioria bífida em forma de pequenos ganchos. Cerdas capilares geralmente 

presentes. Comumente com cerdas genitais especializadas. Espermateca em X, 

poros masculinos em XI, bainha penial quitinosa frequente. Funis masculinos em 

X, átrio pareado e glândulas prostáticas geralmente presentes. A classificação em 

nível genérico é normalmente baseada na estrutura dos órgãos genitais. 

Diagnose (Naididae): Cerdas dorsais e ventrais frequentemente dissimilares a 

maioria bífida em forma de pequenos ganchos, as ventrais com nódulos. Cerdas 

capilares dorsais com formato e número variável. A maioria com cerdas peniais 

quando maduros. Espermateca (a maioria em V) e testículos pareados e funis 

masculinos no mesmo segmento. Poros masculinos e átrio no segmento 

subsequente. Pênis ausente, células prostáticas muitas vezes difusas. 

  Enchytraeidae Vejdovsky 1879 é o segundo maior grupo com 

representantes marinhos. Com aproximadamente 700 espécies descritas, é a 

família com distribuição mais ampla entre os oligoquetas, sendo encontrada na 

maioria dos ambientes, tanto aquáticos como terrestres. As espécies deste grupo 

são particularmente numerosas em regiões entremarés de praias arenosas e em 

alguns habitats terrestres (Erséus et al., 2010). Entretanto, também são 

conhecidos por habitarem sedimentos finos de mar profundo (Rota & Erseus, 2003; 

Erseus & Rota, 2003). São encontrados ainda em ambientes extremos como 

glaciais (e.g., Hartzell et al., 2005). As espécies de Enchytraeidae variam de 

menos de 1 mm a 170 mm (Rota, 2001), mas as mais comuns variam entre 5 e 20 

mm (Erséus, 2005).  
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Diagnose: Formato das cerdas ventrais e dorsais geralmente idêntico, 

unidentadas, retas ou ligeiramente sigmoides. Espermateca em V. Poros 

masculinos em Xll. Bulbo penial presente, pênis, glândulas prostáticas e atrio 

ausentes. Geralmente com glândulas septais conspícuas em V – Vll. 

  A família Capilloventridae Harman & Loden 1984 e seu único gênero 

Capilloventer, estabelecidos por Harman & Loden (1984), foram descritos a partir 

de exemplares de Capilloventer atlanticus, coletados na Baia de Guanabara, Rio 

de Janeiro, Brasil. Posteriormente, mais duas espécies foram descritas por Erséus 

(1993), Capilloventer antarcticus do Mar de Weddell, Antártica, e Capilloventer 

australis no estuário de Hawkesbury River em New South Wales, Austrália. A 

posição filogenética da família ainda não está satisfatoriamente resolvida. 

Entretanto, análises moleculares conduzidas por Erséus & Kallersjo (2004) 

suportam a hipótese, também fundamentada por características morfológicas 

(Erséus, 1993; Ferraguti et al., 1996), de que Capilloventridae representa um clado 

basal dos oligoquetas. Este é o único grupo entre os oligoquetas marinhos que 

possui cerdas capilares ventrais e dorsais. Erséus (1993) sugeriu que isto poderia 

ser uma simplesiomorfia com poliquetas. Por outro lado, Brinkhurst (1982) 

argumentou que a presença de cerdas capilares ventrais excluiriam C. atlanticus 

dos oligoquetas. As espécies desta família possuem clitelo na região dos poros 

genitais, em alguns casos com células clitelares distribuídas de maneira esparsa, 

mas envolvendo toda a circunferência dos segmentos. Desta forma, podem ser 

incluídos legitimamente dentro de Oligochaeta (Pinder & Brinkhurst, 1997). 

Diagnose: Cerdas dorsais e ventrais presentes, duas por feixe, uma capilar e 

outra em forma de pequeno gancho. Duto masculino pareado, sem modificações 

abrindo na câmara copulatória em Xll. Poros femininos em Xlll. 

  Randiellidae Erséus & Strehlow 1986 é uma família monogenérica 

composta por quatro espécies meiofaunais: Randiella caribaea e Randiella minuta, 

encontradas nas ilhas de Guadalupe e Martinica, Caribe; Randiella litoralis, 

reportada para costa do Estado de Oregon, USA (Erséus, 1997) e Randiella 

multithecata, encontrada na costa leste dos Estados Unidos da América (Erséus & 

Strehlow, 1986).  

Diagnose: Indivíduos normalmente pequenos com prostômio e pigídio 

arredondados e simples, sem apêndices. Clitelo extendido em Xll e Xlll. Cerdas 
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dispostas em quatro feixes por segmento começando em ll, geralmente mais de 

duas por feixe nos segmentos anteriores. . Cerdas genitais modificadas em 

capilares presentes nas espécies R. caribaea, R. minuta e R. multithecata; em R 

litoralis ausentes. Placa faríngea dorsal. Parede esofageal glandular nos 

segmentos anteriores. Cérebro alongado com uma profunda fenda na parte 

posterior. Cordão nervoso com vários gânglios por segmento. Um ou dois 

espermodutos presentes em X e Xl. Dutos masculinos muito curtos e inconspícuos, 

possivelmente ausentes. Atrio e órgãos copulatórios ausentes. Linhas pareadas de 

glândulas copulatórias presentes ao longo da parede ventral do corpo na região 

genital. 3 pares de espermateca em Vll e/ou Vlll.   

  

Ecologia de oligoquetas marinhos 

 
  A importância ecológica dos oligoquetas dulcícolas é bem conhecida por 

ecólogos e biólogos, mas  as espécies marinhas têm sido negligenciadas pela 

grande maioria dos biólogos marinhos (Erséus, 1994). Em termos de densidade, 

apesar de serem numericamente importantes nas associações bênticas, as 

populações de oligoquetas marinhos podem ser muitas vezes subestimadas em 

estudos ecológicos. As peneiras comumente utilizadas neste tipo de estudo, entre 

0,5 a 1 mm, podem não reter  a quantidade real de indivíduos, uma vez que muitas 

espécies são meiofaunais.  Por outro lado, em estudos da meiofauna, apesar das 

malhas serem finas o suficiente para reter os oligoquetas, o tamanho das amostras 

é normalmente muito pequeno para gerar um número significativo de espécimes 

(Erséus, 1994). Outro fator que pode subestimar a densidade dos oligoquetas 

marinhos é a grande similaridade dos tubificídeos marinhos com poliquetas 

capitelídeos, especialmente Capitella. A ocorrência de  oligoquetas e estes 

poliquetas oligoquetóides no mesmo habitat podem causar confusão quando não 

identificados de forma consistente por especialistas (Giere & Pfannkuche, 1982). 

  Além disso, os oligoquetas marinhos são morfologicamente muito similares 

ou mesmo indistinguíveis,  como é o caso de algumas espécies crípticas (De Wit & 

Erséus, 2010; Matamoros et al. 2012; Prantoni et al., 2016). Portanto, uma vez que 

as espécies marinhas exibem poucas características morfológicas externas 

conspícuas, a diversidade real pode não ser revelada mesmo em amostragens 
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representativas. Um fator que aumenta as dificuldades de identificações 

consistentes é o tempo necessário para preparar adequadamente as lâminas e o 

processo de corar as estruturas internas de maneira que possam ser visualizadas 

com maior facilidade. Como resultado, o grupo inteiro é geralmente reportado 

simplesmente como “oligoquetas”, com a recorrente justificativa de ser muito difícil 

e laboriosa a identificação em um nível taxonômico menos inclusivo (e.g. Ferrando 

& Mendes, 2011). 

  A bioturbação é um dos efeitos mais conhecidos da infauna bêntica sobre 

os sedimentos marinhos e fluviais. Neste sentido, os oligoquetas e outros 

escavadores como poliquetas, bivalves e crustáceos exercem um importante papel 

ecológico. Como os oligoquetas podem ser encontrados em grandes densidades 

em regiões litorais, atingindo até 105–106 ind. m-2 (Giere & Pfannkuche, 1982), os 

buracos cavados por estes organismos geram uma “porosidade secundária” 

facilitando a troca de solutos e poluentes na interface água/sedimento (Giere, 

2006), além de auxiliar na oxigenação das camadas mais profundas dos 

sedimentos (Thrush & Dayton, 2002). A infauna bêntica, incluindo os oligoquetas, 

exerce ainda um importante papel na produtividade secundária. O aproveitamento 

dos detritos pelos oligoquetas gera subprodutos como o dióxido de carbono, 

nitrogênio inorgânico, fósforo e sílica, que são remineralizados e “recuperados” 

para a coluna d’água, tornando-se novamente disponíveis para os produtores 

primários (Thrush & Dayton, 2002). 

  Poucos estudos analisaram em detalhe os efeitos de fatores ambientais 

abióticos sobre os oligoquetas marinhos (Jansson, 1962, 1967, 1968; Lassèrre, 

1967, 1969, 1970, 1971; Tyen, 1969; Giere, 1970, 1971, 1973, 1975; Chapman et 

al., 1982). Através de dados de abundância, biomassa e biovolume, Giere (1975) 

demonstrou o importante papel ecológico dos oligoquetas em regiões entremarés. 

Segundo o autor, sua importância numérica e o papel que exercem na 

produtividade secundária é comparável aos de outros grupos da macro- e 

meiofauna. Na medida em que os oligoquetas marinhos exibem uma certa 

“especialização”  trófica (e.g. consumidores de bactérias e diatomáceas aderidas a 

detritos ou grãos de areia), Giere (1975) sugeriu que a disponibilidade de alimento 

pode controlar sua estrutura populacional e distribuição. 
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  McCann & Levin (1989) hipotetizaram que organismos depositívoros de 

subsuperfície como o oligoqueta Monopylephorus evertus poderiam inibir o 

assentamento de larvas de organismos suspensívoros e mais sedentários como o 

espionídeo Streblospio benedicti. Através de abordagens manipulativas em campo 

e em laboratório concluíram que o assentamento larval de S.benedicti ou  de 

outros poliquetas, bivalves e gastrópodes não é afetado pela presença de M. 

evertus.  

  Algumas espécies de oligoquetas são conhecidas pela alta tolerância à 

poluição (Coates & Ellis 1980; Ferrando & Mendes, 2011). Tubificoides benedii, 

conhecido anteriormente como Peloscolex benedeni (Udekem, 1855),  é muitas 

vezes dominante em regiões costeiras fortemente impactadas por enriquecimento 

orgânico com altos níveis de sulfeto de hidrogênio. Esta espécie, muitas vezes 

caracterizada como oportunista (Giere, 2006), é capaz de manter a respiração 

aeróbica mesmo em baixas concentrações de oxigênio (Dubilier et al., 1994; Giere 

et al., 1999). 

  Chapman et al. (1982) investigaram a tolerância de 12 espécies de 

oligoquetas, das quais 4 marinhas (Monopylephorus cuticulatus, Tubificoides 

gabriellae conhecido hoje como Tectidrilus gabriellae (Erséus, 1982), 

Limnodriloides verrucosus e Limnodriloides victoriensis)  a cinco diferentes 

contaminantes (cádmio, mercúrio, pentaclorofenol, efluentes de uma fábrica de 

celulose e esgoto doméstico e quatro fatores ambientais (pH, temperatura, 

salinidade e anoxia). As espécies marinhas foram ranqueadas, generalizadamente 

quanto à tolerância, da seguinte forma: M. cuticulatus > T. gabriellae > L. 

verrucosus > L. victoriensis. M. cuticulatus foi a que apresentou maior tolerância 

em relação ao cádmio, ao esgoto doméstico, ao “black liquor”, o chorume oriundo 

da fabricação de celulose e a anoxia, sugerindo que  pode ser um indicador destes 

tipo de contaminação. Resultado semelhante foi encontrado por Coates & Ellis 

(1980). Entre as duas espécies de Limnodriloides, L. verrucosus foi 

consistentemente mais tolerante do que L. victoriensis aos poluentes testados. Em 

geral, os oligoquetas marinhos exibiram forte tolerância ao cádmio entretanto, são 

pouco tolerantes ao mercúrio.   

  Um estudo recente realizado em uma laguna costeira no México mostrou 

que os oligoquetas foram os táxons dominantes nos setores mais impactados tanto 
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por efluentes industriais como por esgoto doméstico (Ferrando & Mendes, 2011). 

Entretanto, os autores não identificaram estes organismos em nível específico, 

provavelmente pelas dificuldades descritas acima.  

  Algumas espécies de oligoquetas podem suportar elevadas variações de 

salinidade (Chapman & Brinkhurst, 1980). Em um experimento manipulativo em 

laboratório, Aktedrilus monospermathecus suportou salinidades entre 1,25 e 20 e 

Marionina preclitellochaeta entre 2,25 e 10 (Jansson, 1962). Por outro lado, Giere, 

(1977) demonstrou, em um experimento que envolveu, além da salinidade, o pH e 

a temperatura, que A. monospermathecus pode sobreviver em salinidades entre 

2,5 e 40. Entretanto, Birtwell (1972) demonstrou que a temperatura e o pH 

alteraram a tolerância de três espécies de oligoquetas à salinidade. Conforme 

demonstrado por Chapman & Brinkhurst (1980), a salinidade intersticial é muito 

mais conservativa que a da coluna d’água. Neste sentido, os autores 

recomendaram atenção com trabalhos anteriores à década de 80, em que a 

salinidade da água sobrejacente era relacionada com a distribuiçãoo da infauna 

bêntica 

 

Reprodução, ciclo de vida e estrutura populacional 

 
  Uma das características mais marcantes dos oligoquetas, especialmente os 

tubificídeos, é a complexidade dos órgãos reprodutivos. Giere (2006) afirmou 

textualmente que  “Estamos longe de compreender a biologia reprodutiva destes 

animais e não podemos sequer imaginar as inter-relações entre a forma e a função 

das estruturas genitais destes organismos hermafroditas”. A função destas 

estruturas e o modo como o esperma é transferido permanecem enigmáticas. Os 

caracteres autapomórficos de muitas estruturas genitais não podem ser 

extrapolados a partir de observações pretéritas em minhocas terrestres e os 

”megadrilli” não podem ser considerados como representativos de todos os 

oligoquetas (Takashima & Mawatari 1998). Giere & Pfannkuche (1982) 

sumarizaram as dificuldades que explicam a escassez de estudos sobre o ciclo de 

vida dos oligoquetas: (1) ausência de classes discretas de idade; (2) tanto o 

tamanho do corpo como o número de segmentos não são características precisas 

do estagio de maturidade; (3) o tempo consumido na análise do estágio de 
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maturidade de cada espécime em microscópio; (4) os casulos das diferentes 

espécies de oligoquetas marinhos não são identificáveis por características 

morfológicas. Somente a incubação em laboratório resolveria este problema. O 

insucesso ocorre ainda devido a problemas de alimentação e baixa tolerância a 

alterações químicas da água, como é o caso dos naidídeos, que são bastante 

sensíveis. 

  Os oligoquetas podem se reproduzir tanto sexuada como assexuadamente. 

A paratomia (brotamento) é a forma mais comum de reprodução assexuada nos 

naidídeos enquanto a arquitomia (fissão transversal) é mais rara (Giere & 

Pfannkuche, 1982). Quase todas as espécies marinhas desta família atingem seus 

picos populacionais por reprodução assexuada na primavera (Koene, 1981) ou no 

outono (Kendall, 1979), estações do ano em que a temperatura é moderada e com 

farto suprimento alimentar. A dominância da reprodução assexuada nas espécies 

marinhas e estuarinas é reconhecida por vários autores (Pfannkuche, 1979; 

Koene, 1981). Existem poucas evidências de que a reprodução sexuada 

desempenhe uma função importante no crescimento populacional dos naidídeos 

(Giere & Pfannkuche, 1982). Quando este tipo de reprodução ocorre, somente uma 

vez ao ano, os adultos morrem logo após a procriação (Learner et al., 1978).   

  As densidades populacionais dos naidídeos podem sofrer amplas variações 

sazonais (Giere & Pfannkuche, 1982). Um exemplo disto é a espécie estuarina 

Paranais litoralis que pode desaparecer completamente em determinados períodos 

do ano (Watling, 1975). Segundo Learner et al. (1978), estes organismos poderiam 

migrar para as camadas mais profundas do sedimento como forma de evitar 

condições adversas em determinados períodos do ano. Por outro lado, estudos a 

respeito da distribuição vertical não fornecem evidências claras que suportem essa 

premissa (Hughes, 1975; Pfannkuche, 1980). Outra explicação possível é que P. 

litoralis atravessaria estes períodos menos favoráveis em alguma forma resistente, 

como casulos  (Learner et al., 1978). 

  Em função do estágio de vida,  os tubificídeos são geralmente classificados 

como: (1) imaturos; (2) maduros (com a genitália completamente desenvolvida); (3) 

reprodutivos (indivíduos com espermatóforos ou ovos); (4) pós reprodutivos, caso 

de adultos sem espermatóforos ou ovos, com a genitália reabsorvida, mas 

conservando ainda a bainha penial (Giere & Pfannkuche, 1982). 
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  A reprodução da maioria dos tubificídeos é muito similar. Normalmente 

atingem a maturidade no final do inverno e começo da primavera e se reproduzem 

na primavera e começo do verão (Giere & Pfannkuche, 1982). Entretanto, o 

crescimento, a reprodução, as taxas de fertilidade e o tempo de maturação podem 

diferir entre regiões geográficas, uma vez que são fortemente influenciados pela 

temperatura (Kennedy, 1966; Poddubnaya, 1980), concentração de oxigênio e 

estrutura sedimentar (Palmer, 1964; Hunter & Arthur, 1978), disponibilidade de 

alimento (Pfannkuche, 1981) e densidade populacional (Poddubnaya, 1980). 

  Os tubificídeos exibem dinâmica populacional marcadamente diferente dos 

naidídeos. As populações desta família se mantém relativamente estáveis ao longo 

do ano, mesmo considerando as variações sazonais descritas por alguns autores 

(Poddubnaya, 1959; Hunter & Arthur, 1978). Esta relativa constância se deve 

provavelmente ao comportamento reprodutivo de algumas espécies. No caso de 

Tubifex costatus e Tubificoides benedii, somente uma parte da população atinge a 

maturidade durante as estações de procriação. A outra parte da população 

permanece imatura, e procriará na estação seguinte. Embora dependente das 

condições ambientais locais, o intervalo das atividades reprodutivas pode se 

estender por alguns meses de modo que novas gerações são gradualmente 

recrutadas durante um longo período (Giere & Pfannkuche, 1982). 

  Erséus e Diaz (1989), em seu compreensivo estudo a respeito da dinâmica 

populacional do tubificídeo Tubificoides amplivasatus no norte da Europa,  

mostraram que esta espécie se reproduz irregularmente ao longo do ano, mas 

apresenta picos de abundância irregulares que podem ser relacionados com 

temperaturas mais altas no final do verão e no outono.  O longo tempo levado por 

T. amplivasatus para atingir a maturidade, em torno de 200 dias, indica que os 

indivíduos desta espécie podem viver por vários anos. O mesmo padrão foi 

relatado para o congênere T. cf. brownae em águas salobras norte americanas. 

Este é um padrão comum em anelídeos costeiros e estuarinos (Diaz, 1984). Esta 

relação entre temperatura e recrutamento não foi observada para Tubificoides 

benedii (Bagheri & McLusky, 1982). Neste estudo, as curvas anuais de população 

irregulares com picos também no inverno não apresentaram sazonalidade clara e 

nenhum período marcado de recrutamento. Entretanto, ao contrário de T.benedii, 
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os picos populacionais dos naidídeos Amphichaeta sannio e Paranais litoralis pode 

ser correlacionado com blooms de algas (Bagheri & McLusky, 1982). 

  O ciclo de vida dos enquitreídeos ainda é pobremente conhecido (Giere & 

Pfannkuche, 1982). Poucos estudos foram realizados, mesmo em ambientes 

terrestres, (Dózsa-Farkas, 1973). Apesar de predominantemente sexuada, a 

reprodução assexual por fragmentação também ocorre em algumas espécies 

límnicas e terrestres desta família. A taxa de crescimento, fertilidade e a biologia 

reprodutiva de espécies marinhas e/ou estuarinas de enquitreídeos associadas a 

bancos de algas marrons e a águas percoladas de esgoto doméstico são 

caracterizadas pela alta capacidade de adaptação a flutuações na salinidade, 

temperatura e nutrição (Giere & Pfannkuche, 1982). Apesar da história de vida das 

espécies meiobênticas ser praticamente desconhecida, Lassèrre (1975), em um 

estudo realizado na Baia de Arcachon na França sugere a existência de três 

gerações anuais para as populações de  Marionina spp. Estes organismos geram 

entre 2 e 4 casulos por período de maturidade, que permanecem incubados por 

aproximadamente 13 dias (Giere, 1975). 

  Até o presente momento, nada se sabe a respeito da reprodução, ciclo de 

vida e estrutura populacional dos randielídeos e capiloventrídeos. Estima-se que 

somente 4 ou 5 especialistas tiveram a oportunidade de estudar as espécies 

destes grupos (Erséus, com. pess.), pelo fato destes animais serem muito raros. 

Os poucos estudos a respeito destas famílias se resumem a trabalhos unicamente 

taxonômicos (e.g. Erséus, 1993; Pinder & Brinkhurst, 1997). 

 

Alimentação 

 
  A classificação dos oligoquetas aquáticos como depositívoros não seletivos 

ou herbívoros tem sido generalizada a partir de observações em ambientes 

dulcícolas. Apesar  da escassez de estudos, esta categorização é normalmente 

utilizada para classificação das espécies marinhas (Giere & Pfannkuche, 1982).  A 

dieta dos oligoquetas inclui microalgas vivas (diatomáceas e flagelados), 

microorganismos (bactérias, fungos e ciliados), matéria orgânica particulada 

(detritos), matéria orgânica vegetal fresca (algas) e matéria orgânica dissolvida.  
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  A posição dos naidídeos marinhos como consumidores primários, tendo 

diatomáceas penadas como principal item alimentar é relativamente bem 

conhecida (Pfannkuche, 1979). Koene (1981) observou que o conteúdo estomacal 

do naidídeo Amphichaeta sannio era composto somente por diatomáceas. O autor 

sugere que esta espécie tem certa preferência pela diatomácea Navicula 

salinarium, podendo ingerir uma quantidade desta alga equivalente a mais de duas 

vezes o seu peso diariamente. Vários autores correlacionaram o ciclo populacional 

de Amphichaeta spp. com o florescimento destas algas (Pfannkuche, 1977; Koene 

,1981). Por outro lado, as espécies intersticiais de tubificídeos e enquitreídeos que 

habitam as camadas sub-superficiais dos sedimentos arenosos não mostram 

nenhuma especialização trófica, uma vez que a concentração de diatomáceas 

nestes locais é bastante reduzida (Giere & Pfannkuche, 1982). 

  Uma característica notável que ocorre nos gêneros Olavius e Inanidrilus, 

pertencentes à subfamília Phallolodriline (Tubificidae), é a existência de uma 

complexa e obrigatória associação simbiótica com bactérias (Erséus, 2003; Giere, 

2006). Esta simbiose pode ser considerada análoga à que ocorre em fontes 

hidrotermais, mas dela difere  em termos de diversidade dos organismos 

simbiontes participantes (Giere & Krieger, 2001). Estas espécies são 

completamente desprovidas de sistemas digestivos e excretores (Erséus, 2003).  

Apesar de encontradas em uma grande variedade de habitats, desde regiões 

tropicais até as de clima temperado, estas espécies parecem ser mais abundantes 

em regiões costeiras influenciadas pela presença de recifes de coral (Erséus, 

2003). 

"
"
Organização da tese 

  

 Existem poucos estudos a respeito da diversidade de oligoquetas marinhos 

e estuarinos no Atlântico sul e o conhecimento taxonômico do grupo é claramente 

insatisfatório (ver artigo 5). Apesar de alguns estudos pontuais na costa brasileira, 

(du Bois-Reymond Marcus, 1950, Marcus, 1965, Erséus, 1980; 1983; Harman & 

Loden 1984) e na região Antártica (Michaelsen, 1888, Erséus & Lassèrre, 1977; 

Rota & Erséus, 1996), o grupo continua praticamente ignorado pela comunidade 

de zoólogos e biólogos marinhos da região. 
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 Neste contexto, esta tese tem como objetivo promover o avanço do 

conhecimento taxonômico e biogeográfico dos oligoquetas marinhos através do 

posicionamento filogenético de espécies novas e/ou pouco conhecidas na região. 

A tese é formada por uma revisão bibliográfica atualizada sobre o conhecimento 

corrente dos oligoquetas marinhos, seguida de cinco capítulos, sob a forma de  

artigos científicos, todos com minha autoria primária, em colaboração com 

cientistas brasileiros e estrangeiros, dos quais três já publicados em revistas 

internacionais indexadas.  

 O primeiro artigo apresenta um inventário e uma visão crítica da situação 

atual do conhecimento taxonômico da fauna de oligoquetas marinhos e estuarinos 

no Brasil (Prantoni et al., 2013). Neste artigo, a distribuição geográfica do 

naidídeo (sensu Erséus et al., 2008) Tectidrilus c.f. gabriellae, originalmente 

descrita como Peloscolex gabriellae (du Bois-Reymond Marcus, 1950) para a Ilha 

Bela, São Paulo e conhecida também para algumas regiões do Caribe (Erséus, 

1990), é estendida para a Baía de Paranaguá, Paraná (S 25º 29’ 04” W 45º 25’ 

54”). Este gênero, exclusivamente marinho, foi estabelecido por Erséus (1982) a 

partir de indivíduos de Tectidrilus squalidus para acomodar cinco espécies com as 

seguintes características diagnósticas: 1) presença de papilas ao longo de toda a 

parede do corpo; 2) reduzido número de cerdas, com duas por feixe nos 

segmentos anteriores e uma nos posteriores; 3) clitelo curto ; 4) dutos do átrio 

pobremente granulados (Erséus, 1982). Além das duas espécies acima 

mencionadas, outras dez são conhecidas atualmente, Tectidrilus arabicus Erséus, 

1984, Tectidrilus bori (Righi & Kanner, 1979), Tectidrilus borioides Erséus & 

Wang, 2003, Tectidrilus diversus Erséus, 1982, Tectidrilus intermixtus 

Finogenova, 1986, Tectidrilus pictoni (Erséus, 1984), Tectidrilus pranzoi Erséus, 

1987, Tectidrilus probus Erséus, 1991, Tectidrilus profusus Erséus, 1991, 

Tectidrilus squalidus Erséus, 1982, Tectidrilus verrucosus (Cook, 1974) (Erséus, 

com. pess.).  

 O segundo artigo registra uma espécie de Enchytraeidae do gênero 

Marionina, bastante incomum por não possuir cerdas ventrais ou laterais, coletada 

no litoral norte de São Paulo e formalmente registrada pela primeira vez no 

Atlântico sul (Prantoni et al., 2014). Esta espécie é morfologicamente similar a 

Marionina nevisensis Righi & Kanner, 1979, descrita para Ilha de Nevis, no 
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Caribe. Entretanto, a limitada capacidade de dispersão em conjunto com análises 

moleculares sugerem fortemente se tratar de uma nova espécie. A filogenia 

proposta por Erséus et al. (2010) sugere que Marionina pode ser dividido em dois 

grupos, um composto por espécies marinhas e outro por límnicas e terrestres, o 

que aumenta ainda mais o interesse do registro. O caráter diagnóstico 

compartilhado pelas espécies de Marionina é a bifurcação do vaso sanguíneo 

dorsal nos segmentos III ou IV.  As espécies do gênero desprovidas de cerdas 

são conhecidas como “achaetous Marionina” (Matamoros et al., 2012).  De acordo 

com estes autores, os espécimes identificados como M. nevisensis podem ser, na 

realidade, um complexo de espécies crípticas distribuídas globalmente. Sugerem  

ainda que as linhagens tropicais (e.g. América Central e Oceania) formam um 

clado monofilético. Espécies crípticas são aquelas morfologicamente 

indistinguíveis mas geneticamente divergentes (Bickford et al., 2007). 

Infelizmente, os espécimes utilizados para as referidas análises de DNA não 

foram conservados adequadamente para uma análise morfológica acurada e 

inequívoca. Foram realizadas novas amostragens sistemáticas, sem sucesso,  na 

praia da Ponta do Baleeiro, São Paulo na tentativa de encontrar mais espécimes. 

Entretanto, quatro indivíduos aqueta de Marionina foram recentemente coletados 

em Guaraqueçaba, Paraná.  Análises moleculares preliminares sugerem 

fortemente se tratar de quatro linhagens distintas (ver artigo 5).   

 O terceiro artigo apresenta uma nova proposta filogenética de outro gênero 

de Enchytraeidae, Grania, seguida da descrição de nove novas espécies, todas 

com suporte tanto morfológico como molecular. Sete destas espécies, Grania 

brasiliensis sp. nov do Brasil; Grania bekkouchei sp. nov., Grania cryptica sp. 
nov., Grania capensis sp. nov., Grania simonae sp. nov., da África do Sul, Grania 

hinojosai sp. nov. e Grania chilensis sp. nov., do Chile são o primeiro registro do 

gênero tanto no continente africano como no sul-americano, e duas, Grania 

unitheca sp. nov., e Grania carolinensis sp. nov., novos registros do gênero na 

América do Norte (Prantoni et al., 2016). Desta forma, o número de espécies do 

gênero foi expandido de 71 para 80. Ao contrário de Marionina, o gênero Grania é 

morfologicamente bem resolvido (Erséus & Lassèrre, 1976), exclusivamente 

marinho e monofilético (Erséus et al., 2010;  et al, 2011; Prantoni et al., 2016). Em 

todas as espécies, os segmentos I - IV parecem ser “fundidos” com o prostômio. 
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Cerdas estão ausentes pelo menos nos três primeiros segmentos. Outra 

característica morfológica interessante do gênero é a disposição das cerdas. Ao 

contrário da maioria dos oligoquetas que possuem feixes com duas ou mais 

cerdas, as cerdas ocorrem individualmente em Grania (De Wit & Erséus, 2010). 

Os caracteres sexuais internos variam consideravelmente, com a espermateca e 

o aparato penial exibindo uma grande variedade de formas (Coates, 1984; 

Prantoni et al., 2016). As espécies do  gênero são intersticiais e bastante 

pequenas, variando entre 1 - 2 cm de comprimento e aproximadamente 0,1 mm 

de espessura, com coloração esbranquiçada ou transparente (De Wit et & Erséus, 

2010) (Figura 4). Os espécimes de Grania são facilmente reconhecidos em 

amostras intersticiais de macroinvertebrados bênticos pelo seu tipo característico 

de locomoção. A primeira vista, lembram os vermes nematóides que se 

locomovem por movimentos laterais ao invés dos movimentos peristálticos, típico 

dos outros oligoquetas (De Wit et al., 2011). No primeiro estudo filogenético de 

Grania, com apenas 20 espécies sequenciadas, De Wit et al. (2011) mostraram 

que a distribuição geográfica do grupo é fortemente concordante com a filogenia, 

o que indica uma capacidade de dispersão bastante restrita. Como a maioria dos 

oligoquetas, Grania não possui fase larval; os ovos são depositados diretamente 

no sedimento dentro de um casulo.  

 
 

Figura 4: Parte anterior de um espécime de Grania. spth, espermateca; ch, cerdas; 

mp, poro masculino; cl, clitelo. Número de segmentos demarcados em algarismos 

romanos. (Fonte: Locke & Coates, 1999).  

  

Entretanto a filogenia proposta por De Wit et al. (2011) incluiu apenas dois 

representantes do Pacífico sul, Grania sp. “Chile 1” e Grania sp. “Chile 2”, 
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posteriormente descritas no artigo 3 por Prantoni et al., (2016) como Grania 

chilensis e Grania hynojosai respectivamente, e nenhum do Atlântico sul. 

 Da mesma forma que o estudo pretérito de De Wit et al., (2011), a filogenia 

de Grania inferida no terceiro artigo da tese é consistentemente relacionada com 

a distribuição geográfica das espécies, o que corrobora a limitada capacidade de 

dispersão das espécies deste gênero (De Wit et al., 2011; Prantoni et al., 2016). 

Entretanto, a adição das novas espécies permitiu observar que as quatro 

espécies da África formam um clado monofilético e que duas, Grania bekkouchei 

e Grania cryptica, são morfologicamente idênticas, com exceção do formato das 

cerdas, mas geneticamente divergentes. Além disso, também foi observado que 

Grania chilensis é estruturada em pelo menos quatro linhagens maternais 

distintas, provavelmente devido à capacidade restrita de locomoção associada a 

ausência de fase larval.  

 O quarto artigo fornece a primeira lista (checklist) das espécies de Grania, 

incluindo dados históricos e recentes de todas as espécies válidas descritas até 

hoje, suas respectivas sinonímias, além de informações a respeito da sua 

distribuição geográfica. Estas listas são importantes no sentido de facilitar 

análises biogeográficas em grande escala ou pesquisas relacionadas com  a 

biodoversidade (Pagliosa et al., 2012; Shmelz & Collado, 2012). Ao todo foram 

registradas 80 espécies, descritas nos cinco continentes, contemplando ainda as 

bacias oceânicas e o ambiente antártico. Considerando o pouco conhecimento da 

fauna de enquitreídeos (principalmente os marinhos) e o número reduzido de 

especialistas na área, é de se esperar um número maior de espécies a ser 

descritas.  

 O quinto artigo traz um avanço expressivo no conhecimento filogenético 

dos oligoquetas marinhos no Atlântico sul. Neste artigo, a monofilia de 80 

espécimes do Atlântico sul e Antártica foi estatisticamente testada atráves da 

combinação de quatro métodos, inferência Bayesiana (BI), máxima 

verossimilhança (ML), Automatic Barcode Gap Discovery (ABGD) e o  

Generalized Mixed Yule coalescent (GMYC). Foram identificadas 32 espécies 

potenciais pertencentes a duas familias de oligoquetas marinhos. Todas estas 

espécies foram associadas a táxons ou gêneros previamente conhecidos através 

da comparação das sequências obtidas com as presentes nas bases de dados 
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NCBI/GenBank, Barcoding of Life/BOLD e/ou na base de dados particular, 

acumulados por Christer Erséus, um dos autores do artigo.  Como resultado desta 

análise, as espécies Doliodrilus fibrisaccus, Limnodriloides pierantonii, L. 

rubicundus, L. sacculus, Paranais frici, Stephensoniella sterreri,  Thalassodrilides 

gurwitschi, foram registradas pela primeira vez na costa brasileira. Este número 

certamente aumentará com a descrição de  quarto potenciais espécies aquetas 

do gênero Marionina, quatro de Ainudrilus, duas de Aktedrilus, duas de 

Limnodriloides, uma de Enchytraeus, uma de Macquaridrilus, uma de 

Stephensoniella, além de mais três espécies de Lumbricillus do continente 

antártico. Nossa análise confirma que a abordagem molecular através do gene 

mitocondrial citocromo oxidase subunidade 1 é um ferramenta excelente para 

uma primeira delimitação e identificação de espécies de oligoquetas marinhos, 

que são dificilmente identificados unicamente por análises morfológicas 

tradicionais.   
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Abstract Aquatic oligochaetes from South America are still
poorly known. As a basis for a general survey of marine
oligochaetes from the southwestern Atlantic, we present here
a critical overview of the available taxonomic information on
marine and estuarine oligochaetes from Brazil. Only 13 of the
600 described species are currently known from Brazil, and 8
exclusively from their type locations. The enchytraeid
Marionina cf. nevisensis is newly reported from São
Sebastião (São Paulo State). The distribution range of the
naidid Tectidrilus gabriellae is expanded to the Paranaguá
Bay (Paraná, S Brazil).

Keywords Oligochaeta . Marine oligochaetes . Brazil

Introduction

Among 1,700 species of currently known aquatic oligo-
chaetes, 600 are marine or estuarine (Erséus 2005). Aquatic
oligochaetes are small animals, ranging in size from 1mm to a
few centimeters, which explains why most are interstitial or
meiofaunal (Erséus 1988). The most diverse and abundant
oligochaete group is the Naididae, sensu Erséus et al.
(2008), which includes about 1,000 species, 450 of which
are marine (Martin et al 2008). Other families with marine
taxa are Enchytraeidae, Capilloventridae, Randiellidae, and
the predominantly terrestrial Megascolecidae.

Studies on marine and estuarine oligochaetes in Brazil
are still scarce. Medeiros and Hadel (1999) and Migotto
and Marques (2006) pointed out the major taxonomic im-
pediments and barriers to appropriate evaluation of regional
marine oligochaete diversity as lack of experts, lack of
appropriate infrastructure, and lack of training and mainte-
nance routines for work in zoological collections. Marine
oligochaetes are morphologically very similar and display
few conspicuous and diagnostic external characteristics.
Consistent identifications rely on internal anatomy, includ-
ing variations in the position and shape of internal organs,
such as the spermatheca, pharyngeal glands, seminal vesi-
cle, and penis, among others.

Brazilian marine oligochaetes have been described by
Du Bois-Reymond Marcus (1950), Marcus (1965), Righi
(1968), Erséus (1980, 1983), and Harman and Loden
(1984). These studies focused primarily on punctual sites
in São Paulo and Rio de Janeiro states. No tropical or
subtropical geographic sectors have been systematically
investigated along the Brazilian coast. More recently,
Christoffersen (2007, 2009) provided useful catalogues
of aquatic microdrile oligochaetes from South America
and assessed their diversity and distribution patterns.

This study presents a critical taxonomic overview of ma-
rine and estuarine oligochaetes from Brazil as a basis for an
ongoing general survey of marine oligochaetes from the
southwestern Atlantic.

Materials and methods

The results of a bibliographic survey of Brazilian records of
marine and estuarine oligochaetes are presented as a species
list (Table 1). Additional field sampling surveys were carried
out along the coasts of São Paulo and Paraná States (SE and S
Brazil) to check for previously described and recorded spe-
cies. Samples were collected using PVC pipes (10 cm in
diameter and 10 cm in length) and stored in a plastic bucket
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containing 20 l of seawater. Relaxation was carried out with
isotonic MgCl2 with salinity up to 36 in an Erlenmeyer flask
that was gently swirled and let to stand for 15 min. The flasks
were inverted 3 to 4 times and the supernatant containing
numbed animals was washed with fresh seawater in a 0.063-
mm sieve and transferred into a Petri dish. Some animals were
examined alive and morphotyped; others were preserved in
4 % formaldehyde for morphological analysis. Live animals
were subsequently fixed in absolute ethanol for future
molecular analyses or fixed in trialdehyde and cacodylate
buffer solution for scanning electron microscopy (Higgins
and Thiel 1988).

Results and discussion

Only 13 of the approximately 600 species of known marine
and estuarine oligochaetes have been recorded from Brazil,

and 8 are currently known only from their type locations
(Table 1).

Field samplings from southern and southeastern Brazil
provided a new species record, an enchytraeid belonging to
the genus Marionina , characterized by the complete absence
of dorsal or ventral chaetae. These animals were collected near
the rocky promontory of the Ponta do Baleeiro Beach, in São
Sebastião, São Paulo (23º49.689′S, 45º25.392′W; Datum:
WGS 84). They are morphologically similar to Marionina
nevisensis (Righi and Kanner 1979, from samples collected
from Nevis Island in the Caribbean). However, Matamoros
et al. (2012), in their revision of the achaetous Marionina ,
showed that M . nevisensis is in fact a complex of cryptic
species. Further ecological information on this finding was
provided by Prantoni et al. (2013).

The southern distribution range of the naidid Tectidrilus
gabriellae , originally described fromCananéia (São Paulo), is
expanded. T. gabriellae was collected in the Cobras Island, in

Table 1 Species of marine and brackish-water oligochaetes reported from Brazil

Taxon Environment Region

NAIDIDAE NAIDINAE

Paranais evelinae (Marcus 1965)a ES Cananéia - SP

NAIDIDAE RHYACODRILINAE

Monopylephorus parvus Ditlevesen, 1904 ES Cananéia - SP

Jolydrilus jaulus Marcus 1965a ES Cananéia - SP

NAIDIDAE PHALLODRILINAE

Aktedrilus dentatus Erséus 1983a OB Búzios - RJ

Aktedrilus brevis Erséus 1980a OB Salvador - BA

NAIDIDAE LIMNODRILOIDINAE

Tectidrilus gabriellae (du Bois-Reymond Marcus, 1950) ES Ilha Bela - SP

ES Paranaguá – PR

ENCHYTRAEIDAE

Enchytraeus albidus Henle, 1837 ES Cananéia - SP

Lumbricillus sadovskyi Marcus 1965a ES Cananéia - SP

Marionina cana Marcus 1965a ES Cananéia - SP

Marionina nea Marcus 1965a ES Cananéia - SP

Marionina cf. nevisensis Prantoni; Di Domenico;
Lana (in press)

SB São Sebastião - SP

CAPILLOVENTRIDAE

Capilloventer atlanticus Harman and Loden 1984a ES Rio de Janeiro – RJ

MEGASCOLECIDAE

Pontodrilus litoralis (Grube, 1855) MG Cananéia – SP

Angra dos Reis –RJ

Rio de Janeiro - RJ

Florianópolis – SC

São Francisco do

Sul – SC

For authorship and synonymies see Christoffersen’s catalogues (2007, 2009)

ES Estuarine, OB oceanic beaches, SB sheltered estuarine beaches, MG mangrove
a Species only known from their original description
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the euhaline sector of the Paranaguá Bay (25°28′28.51″S,
48°25′56.28″W; Datum: WGS 84). T. gabriellae was origi-
nally placed in Peloscolex Leidy, 1851, and subsequently
transferred to Tubificoides Lastočkin, 1937, by Brinkhurst
and Baker (1979). However, Erséus (1982) showed that the
oesophageal diverticula and the morphology of the male ducts
justified its inclusion within Tectidrilus Erséus 1982.

The identification of both M . cf. nevisensis and T. cf.
gabriellae from S and SE Brazil is still preliminary and based
only on morphological characters. More accurate morpholog-
ical and molecular analyses are being performed to confirm
their taxonomical status.

The latest descriptions of marine and estuarine oligochaete
species from Brazil were published in the 1980s. Harman and
Loden (1984) established a new genus and family, first be-
lieved to be exclusively marine, based on specimens of
Capilloventer atlanticus fromGuanabara Bay, Rio de Janeiro.
This is the only oligochaete group with ventral and dorsal
capillary setae. Erséus (1993) suggested that this could be a
symplesiomorphy with polychaetes, a hypothesis that was not
refuted through molecular analyses (Struck et al 2011). The
phylogenetic position of this family has not been satisfactorily
resolved. However, molecular analyses conducted by Erséus
and Kallersjo (2004) and Rousset et al. (2007) support the
hypothesis that Capilloventridae is a basal oligochaete clade.
This hypothesis is also substantiated by morphological char-
acteristics (Ferraguti et al. 1996). Erséus (1980, 1983) de-
scribed two new meiofaunal species, Aktedrilus brevis and
A. dentatus . The first species was collected in the intertidal
region of the Farol da Barra beach at the mouth of the Todos
os Santos Bay in Salvador, Bahia, and the second one was
collected in the João Fernandes beach in Buzios, Rio de
Janeiro.

Due to the lack of systematic surveys of Brazilian marine
and estuarine oligochaetes, it is premature to make inferences
about patterns of endemism. Monopylephorus parvus and
Enchytraeus albidus presumably have cosmopolitan distribu-
tions (Erséus 1999).Pontodrilus litoralis , originally described
as Lumbricus litoralis , has a circumtropical and subtropical
distribution. Despite belonging to a predominantly continental
and worldwide distributed family (Righi 1997), this
megascolecid is quite common in estuaries and mangroves,
tolerating salinities between 5 and 30 (Blakemore 2007).
Pontodrilus litoralis is the aquatic oligochaete with the
highest number of records in Brazil (Moreira 1903;
Michaelsen 1910; Righi 1968). Although having being re-
corded only once in Brazil (in the original description), T.
gabriellae is also known from Belize, Panama, Aruba,
Bonaire, Barbados, and Curaçao (Erséus 1990). Further sur-
veys of marine oligochaetes from southern and southeastern
Brazil will most likely reveal a wider distribution of T.
gabriellae , taking into account habitat diversity along the
coast.

Specimens of the species described from the State of São
Paulo are deposited at the Zoology Department from São
Paulo University. The type materials described by Erséus
(1980, 1983) and Harman and Loden (1984) are deposited at
the Muséum National d’Histoire Naturelle (MNHN) in Paris,
at the U.S. National Museum of Natural History (USNM
80608-80610), and at the Louisiana State University Museum
of Zoology (LSU 3241). (Medeiros and Hadel 1999; Belúcio
1999). Zoological collections of marine and estuarine oligo-
chaetes, formally organized and deposited, are available in
two Brazilian institutions, the Institute of Biosciences of
Universidade de São Paulo (IBUSP) and Universidade
Federal da Paraíba.

The scarcity of studies and experts on Brazilian marine
oligochaetes, as pointed out by Medeiros and Hadel (1999), is
still evident to date. This is disturbing for a country with about
8,600 km of coastline. Systematic surveys of marine and
estuarine oligochaetes in Brazil are sorely needed, as well as
the training of taxonomists. Unified efforts between taxono-
mists and ecologists to include the study of oligochaete diver-
sity as a priority in benthic surveys are fundamental to change
this situation.
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Short note

Marionina Michaelsen, 1890 is a polyphyletic enchytraeid genus represented by about 100 nominal species 

(Rota et al., 2008). When the genus was originally described in 1889, it got a preoccupied name, Marionia, 

which was corrected into Marionina one year later by Michaelsen himself. According to the ICZN (1999: Art. 

60.3), a new replacement name has its own author and date. Thus, the correct nomenclature of the genus 

should be Marionina Michaelsen, 1890 (Rota et al., 2008).  

Marionina has marine and non-marine species (Erséus et al. 2010). The former may be found in tidal 

debris, on mangrove aerial roots, in clean sandy beaches, in sublittoral sediments, and on rocky shores (Healy 

& Coates 1999). Some of the marine species are unusual in that they lack chaetae, and are grouped under the 

name “achaetous Marionina” (Matamoros et al. 2012). The first published description of an achaetous 

Marionina occurred under the name Michaelsena achaeta Hagen, 1954, a taxon later augmented and 

transferred to Marionina by Lasserre (1964). Two other achaetous taxa are currently named: Marionina 

arenaria Healy, 1979, and the former subspecies Marionina achaeta nevisensis Righi & Kanner, 1979, later 

raised to species status as Marionina nevisensis by Coates (1983). A comprehensive review of the diversity of 

“achaetous Marionina” was recently performed by combining morphological and molecular data (Matamoros 

et al. 2012). According to these authors, specimens of achaetous Marionina from a number of worldwide 

localities (Caribbean, Australia and northern Europe) make up a monophyletic grouping comprised of 11 

separately evolving lineages, which could be assigned to seven different morphotypes. Only two of these 

morphotypes could be identified as nominal taxa, M. nevisensis Righi & Kanner, 1979  sensu lato and 

Marionina nothachaeta [=M. achaeta sensu Lasserre, 1964].  Based on segment numbers, Matamoros et al. 

(2012) suggested that Marionina arenaria and  M. achaeta sensu Hagen (1954) may be the same species. M. 

arenaria are only available for study at the Natural Museum of Ireland (Natural History Division) in Dublin 

(NMI). The only Marionina species reported from the southern Atlantic are Marionina cana Marcus, 1965 

and Marionina nea Marcus, 1965, both endowed with chaetae (Prantoni et al. in press).

Individuals of Marionina without chaetae were collected in July 2012 in an intertidal pond, in bottoms 

made up by gravel, shell fragments, and coarse sand, close to the rocky promontory of the Ponta do Baleeiro 

beach, Municipality of São Sebastião, São Paulo State, southeastern Brazil (23º49.689’ S; 45º 25.392’ W). 

The site is exposed to waves, and local salinity is around 35 PSU (Figure 1).

Four individuals were analyzed, two of which were mature and devoid of chaetae. Besides being 

achaetous, they were identified as Marionina based on the following diagnostic characteristics:  31–42 

segments; total length between 3.6 and 5.5 mm; cuticle thickness between 2 and 3 µm; prostomium conical, 

wider than long; clitellum diameter of 168 µm, annular in XII–XIII, with glandular cells arranged in 

transverse lines; seminal vesicle unilateral; dorsal anterior blood vessel bifurcated in III or IV; coelomocytes 

dispersed, irregular and egg-shaped, with cytoplasm filled with small grains; sperm funnels (Figure 2). 



 Zoosymposia 9  © 2014 Magnolia Press  ·  11FIRST RECORD OF ACHAETOUS MARIONINA MICHAELSEN, 1890

FIGURE 1:  Collection site of achaetous Marionina in southern Brazil.

This is the first record of an achaetous Marionina for the southern Atlantic. The animals collected in São 

Paulo appear morphologically indistinguishable from M. nevisensis Righi & Kanner, 1979 described from 

Nevis Island in the Caribbean. However, it is possible that M. nevisensis as recognized or described 

subsequently by a number of different authors (Coates, 1983; Erséus, 1990; Erséus et al., 1990; Coates, 1990; 

Coates & Stacey, 1993; Healy & Coates, 1999 ) is a complex of globally distributed cryptic species 

(Matamoros et al. 2012). Further study of the Brazilian specimens is still necessary, including analyses of 

characters from DNA sequences, and observations with transmission and scanning electron microscopy. 

The examination of additional characters will be essential to test whether the shared morphological 

characteristics are homologous, or whether they represent environmentally convergent adaptations.

Matamoros et al. (2012) suggested that all tropical lineages (e.g., from Central America and Oceania) of 

achaetous Marionina seem to constitute a monophyletic group that originated from ancestors living in 

temperate climate regions. However, they have also suggested that more extensive sampling, especially in the 

temperate regions, might reveal a different evolutionary history.

While reporting a new geographical record of achaetous Marionina, we emphasize the scarcity of studies 

on the fauna of brackish-water and marine oligochaetes in the southern Atlantic. Indeed, only 13 of the 

approximately 600 described species of marine and brackish-water oligochaetes have been reported from 

Brazil, almost all of them known only from their type localities. A systematic survey of the group in the 

southern and southeastern Brazil will likely reveal a much higher diversity, considering the variety of regional 

habitats.
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FIGURE 2: Anatomy of the achaetous Marionina from Sao Paulo.  (A) a bundle of sperm, SB, covering the sperm funnel; (B) 

bifurcated anterior dorsal blood vessel, BCS; (C) coelomocytes, CO; (D) clitellum, CL; (E) vas deferens; (F) clitellar cells, CC.
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In this article, our knowledge of the geographic distribution of Grania species is expanded by describing seven
new species, Grania bekkouchei sp. nov., Grania brasiliensis sp. nov., Grania capensis sp. nov., Grania
chilensis sp. nov., Grania cryptica sp. nov., Grania hinojosai sp. nov., and Grania simonae sp. nov., from
poorly investigated regions of the Southern Hemisphere, plus two new species, Grania carolinensis sp. nov. and
Grania unitheca sp. nov., from off the east coast of the USA. An immature achaetous specimen that we call
Grania cf. levis was also included. The newly generated data were combined with a previously published data set
in order to update the hypothesis of phylogenetic relationships among Grania species. All new species except
G. cryptica sp. nov. are supported by both morphological and molecular data. In addition, we find that
G. chilensis sp. nov. is structured in at least four distinct populations along the Chilean coast. The species de-
scribed from South Africa form a monophyletic clade where two are morphologically indistinguishable but diverg-
ing in both mitochondrial and nuclear ribosomal genes, and thus we describe them as different species,
G. bekkouchei sp. nov. and G. cryptica sp. nov. Among the North Carolinian species, G. unitheca sp. nov. is
indicated as a close relative of Grania monospermatheca Erséus & Lasserre, 1976, and G. carolinensis sp. nov.
is indicated as a close relative of G. cf. levis. The updated phylogeny is strongly concordant with geographical species
distributions, thus supporting a low level of dispersal within this genus, as has previously been hypothesized.

© 2016 The Linnean Society of London, Zoological Journal of the Linnean Society, 2016
doi: 10.1111/zoj.12333

ADDITIONAL KEYWORDS: cryptic species – Enchytraeidae – Grania – marine Oligochaeta – molecular
phylogeny – South Africa – South America.

INTRODUCTION

Grania Southern, 1913 is one of the largest enchytraeid
genera (Erséus et al., 2010), today comprising 72 nominal
species (De Wit, Rota & Erséus, 2011b). Exclusively
marine, they are found in a wide range of habitats,
from the intertidal zone to the deep sea (Coates, 1984;

Erséus & Rota, 2003; Rota & Erséus, 2003; De Wit
& Erséus, 2010). Most Grania species inhabit the in-
terstitial space of shelly and coarse sediments, and they
are generally small and always slender, between 10
and 20 mm long but only about 0.1 mm wide (Erséus
& Lasserre, 1976; Rota & Erséus, 2003; De Wit &
Erséus, 2010).

The genus is morphologically well separated from
other enchytraeid genera. For instance, in Grania the
cephalization, which is a common feature in the family*Corresponding author. E-mail: aprantoni@gmail.com

485© 2016 The Linnean Society of London, Zoological Journal of the Linnean Society, 2016, 176, 485–510
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Enchytraeidae, is unusually complex, with a well-
developed nervous system that includes, in some species,
the so-called ‘head organ’, which is thought to be a
compound georeceptor (Rota et al., 1999; Rota & Erséus,
2003). Moreover, in this genus the chaetal bundles
are each represented by only one stout chaeta (Erséus
& Lasserre, 1976; De Wit et al., 2011b), and the cir-
cular body musculature is reduced, resulting in a
nematode-like, coiling, form of locomotion (Rota,
2001; De Wit, Erséus & Gustavsson, 2011a). Yet species
distinction in Grania is complex, and a unique com-
bination of multiple morphological features must
be used (e.g. chaetal distribution and shape, and
details of the penial apparatus and spermatheca) for
an accurate and unambiguous identification of
morphospecies (Erséus & Lasserre, 1976; De Wit &
Erséus, 2010).

In addition, a cryptic species, Grania occulta De Wit
& Erséus, 2010, which is sympatric with, yet morpho-
logically indistinguishable from, Grania ovitheca Erséus,
1977, was recently described from Scandinavian waters
using molecular data. This provides a first hint that
the species diversity of the genus may be greater than
previously thought (De Wit & Erséus, 2010), which high-
lights the need for including genetic data in species
descriptions.

An initial phylogenetic analysis of 20 species of Grania
was recently performed using a combination of mo-
lecular and morphological data (De Wit et al., 2011b).
According to that study, the genus is well supported
as monophyletic and contains three main lineages (re-
ferred to as clades A, B, and C by De Wit et al., 2011b).
Clade A consists of all North Atlantic species, and is
further subdivided into one European and one North
American subclade. Clade B contains some peculiar-
ly coloured (yellowish green) species from the Indo-
Pacific region, as well as Chilean species and Grania
Americana Kennedy, 1966, whereas clade C com-
prises species from Australia and Hong Kong (De Wit
et al., 2011b).

In an ancestral state reconstruction of the total evi-
dence phylogeny (De Wit et al., 2011b), most morpho-
logical characters, such as chaetal shape, midventral
glands, and shape of penial apparati and spermathecae,
were found to be highly homoplasious. In addition, a
morphology-based phylogeny was found to be incon-
gruent with one based on genetic data from six loci;
however, the geographic distribution of the species in
the analysis showed great congruence with the phy-
logeny, suggesting limited dispersal capabilities (De Wit
et al., 2011b). One caveat, though, was that the geo-
graphic sampling was skewed to locations from which
recent sampling efforts had been conducted, and it was
concluded that including data from other parts of the
world, such as Africa and South America, would be
crucial to updating the phylogeny of this genus.

This is not a simple task, however, as the biogeo-
graphical knowledge of Grania species is largely re-
stricted to the North Atlantic (Southern, 1913; Knöllner,
1935; Lasserre, 1966, 1967; Erséus, 1974, 1977; Erséus
& Lasserre, 1976; Kossmagk-Stephan, 1983; Locke &
Coates, 1999; Rota & Erséus, 2003; De Wit & Erséus,
2010) and some Indo-Pacific regions (Jamieson, 1977;
Coates, 1990; Erséus, 1990; Coates & Stacey, 1993, 1997;
Rota & Erséus, 2000; Rota, Erséus & Wang, 2003; De
Wit & Erséus, 2007; Rota, Wang & Erséus, 2007; De
Wit, Rota & Erséus, 2009). Except for some Antarctic
(Rota & Erséus, 1996) and sub-Antarctic (Erséus &
Lasserre, 1977; Rota & Erséus, 1997) areas, in most
parts of the Southern Hemisphere, particularly along
the Atlantic and Pacific coasts of South America, and
both sides of southern Africa, the genus has re-
mained almost unexplored (De Wit et al., 2011b;
Prantoni, Di Domenico & Lana, 2013).

Herein we describe nine new species, seven from from
coastal areas of Brazil, South Africa, and Chile, and
two from eastern USA, combining molecular and mor-
phological information. We also present an updated hy-
pothesis of the phylogenetic relationships among Grania
species.

MATERIAL AND METHODS
COLLECTION AND IDENTIFICATION

The Chilean specimens of Grania were collected by the
second author, in February 2009. South African Grania
were collected by Nicholas Bekkouche, during a work-
shop on annelid systematics arranged in South Africa
by Dr Carol Simon (Stellenbosch University) in De-
cember 2011, and the North American species were col-
lected by the third author during a cruise with R/V
Cape Hatteras, off North Carolina, in May 2011. In Chile
and South Africa, sediment samples were collected by
hand, stirred with seawater, followed by the decanta-
tion of suspension into a 0.25-mm mesh. The North
American material was obtained from sieved sedi-
ments collected with a box corer from the research
vessel.

The Brazilian specimens from Ponta do Baleeiro
beach, Sao Paulo State, were sampled in October 2012
during the workshop Taxonomy and Diversity of Marine
Meiofauna – Brazil. These, as well as the specimens
from Paranaguá Bay collected in August 2013, were
sampled by taking sediment cores with PVC pipes of
10 cm in length and 10 cm in diameter, stored in a
plastic bucket with seawater, relaxed with isotonic
MgCl2, and with salinity up to 36 ppt. The superna-
tant containing numbed animals was washed with fresh
seawater in a 0.063-mm sieve and transferred into a
Petri dish.

All worms were sorted alive using a stereomicro-
scope and, with few exceptions, preserved in 80%
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ethanol. Some specimens were collected incomplete, but
most had a complete body with pygidium. Many of these
were intentionally cut and a few (sometimes counted)
‘amputated segments’ (posterior or middle) were removed
and stored in 95% ethanol for subsequent DNA ex-
traction and sequencing. The holotype of Grania
brasiliensis sp. nov. was killed and stored in 99% ethanol,
and then its posterior end was cut for DNA analysis;
the paratypes of the same species were fixed in 4%
formaldehyde and left uncut. The anterior end of the
cut specimens from Chile, South Africa, and Brazil,
as well as all complete worms, were stained in alco-
holic paracarmine solution and mounted whole in
Canada balsam on slides for the purpose of identifi-
cation. The worms were morphologically examined using
light and interference contrast microscopy, and draw-
ings were made with the aid of a camera lucida.

In the descriptions, the chaetal length means the
straight line from the distal tip to the furthest proxi-
mal point of the chaeta. The chaetal foot length is under-
stood as the maximal breadth of the L-shaped chaetae
at their ental end, and the chaetal index was calcu-
lated as the average ratio of the chaetal length by the
chaetal foot length, ±standard deviation (Rota & Erséus,
2003). Penial bulb lengths were measured as their ex-
tension parallel with the long body axis, and widths
were taken as perpendicular to the longitudinal body
axis.

Type specimens are deposited in the Museu de
Zoologia da Universidade Estadual de Campinas ‘Adão
José Cardoso’ (ZUEC), Campinas, Brazil, Iziko South
African Museum (SAMC), Cape Town, South Africa,
Swedish Museum of Natural History (SMNH), Stock-
holm, Sweden, and, US National Museum of Natural
History (USNM), Washington, DC, USA.

ABBREVIATIONS USED IN THE FIGURES

amp, spermathecal ampulla; cl, coelomocyte; ed, ectal
duct of spermatheca; ggc, granular gland cell of clitellum;
hgc, hyaline gland cell of clitellum; mp, male pore; pb,
penial bulb; sb, sperm bundle; sf, sperm funnel; sr,
sperm ring; spp, spermathecal pore.

GENETIC ANALYSES

The DNA of 38 individuals (Table 1) was extracted using
the DNeasy Blood & Tissue kit (Qiagen), or the
QuickExtract DNA Extraction Solution 1.0 (Epicen-
tre), after which polymerase chain reactions (PCRs)
were performed for the mitochondrial cytochrome c
oxidase subunit I (COI) locus, using the universal
‘barcoding primers’ LCO1490/HCO2198 (Folmer et al.,
1994). One evolutionary lineage represented by an im-
mature specimen from off North Carolina lacks chaetae
completely; we refer to it as Grania cf. levis Coates

& Erséus, 1985, also from the north-west Atlantic Ocean
and the only formally described Grania with this strik-
ing feature. In addition, one specimen (CE20818) of
G. brasiliensis sp. nov., one specimen (CE21024) of
Grania hinojosai sp. nov., and nine specimens of Grania
chilensis sp. nov. (CE21036, CE21037, CE21038,
CE21039, CE21040, PDW189, PDW197 PDW200, and
PDW202) were COI barcoded but not found suitable
for closer morphological study. To compare the
mitochondrial data with nuclear DNA patterns, 23 in-
dividuals were also chosen to be amplified at the ITS
region (Table 1), using primers ITS5/ITS4 (White et al.,
1990) and 5.8 mussF and 5.8 mussR (Källersjö et al.,
2005). Finally, one individual from each putative species
was chosen for phylogeny reconstruction (Table 1). For
each of these ten individuals, four additional loci were
amplified (18S rDNA and the D1 region of 28S rDNA
of the nuclear genome; and 12S and 16S rDNA of the
mitochondrial genome) using primers TimA/TimB for
18S (Norén & Jondelius, 1999), 28SC1/28SC2 (Dayrat
et al., 2001) and 12SE1/12SH for 12S (Jamieson et al.,
2002), and 16SarL/16SbrH for 16S (Palumbi et al., 1991).

The amplicons were sequenced either by Macrogen
Inc. (Seoul, South Korea) or by Eurofins mwg operon
(Ebersberg, Germany) using additional sequencing
primers for 18S (600F, 1806R, 4FBK, 4FB, 5f and 7fk;
Norén & Jondelius, 1999), assembled using GENEIOUS
PRO 4.8.5 (Rozen & Skaletzky, 2000) from Biomatters
Ltd (Auckland, New Zealand), and aligned using
MAFFT 6 (Katoh & Toh, 2008), applying the L-INS-i
setting (slow–accurate). Alignments were tested for
models of best fit using the BIC criterion in jModeltest
(with the COI alignment partitioned by codon posi-
tion; Guindon & Gascuel, 2003; Darriba et al., 2012).

The COI and the ITS loci were first analyzed indi-
vidually using Bayesian inference implemented in the
parallel version of MrBayes 3.2 (Ronquist &
Huelsenbeck, 2003), with two parallel runs of 20 million
generations, sampling trees every 1000 generations (COI
partitions unlinked in all parameters except topol-
ogy). After examining the output files for conver-
gence using the online software AWTY (Wilgenbusch,
Warren & Swofford, 2004), majority-rule consensus trees
were created by summarizing all trees after a burn-
in period of 5 million generations. Bayesian support
values were then plotted on the consensus trees.
For COI, a distance matrix was plotted (Table S1),
which was then used to plot a histogram to examine
the prevalence of the so-called ‘barcoding gap’. In ad-
dition, a haplotype network was created using TCS 1.21
(Clement, Posada & Crandall, 2000) of one of the pu-
tative Chilean species, in which there was significant
genetic variation.

For the phylogeny reconstruction, the newly gener-
ated data were combined with the data set of De Wit
et al. (2011b), and realigned and tested for models of
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best fit as described above. The alignments were first
concatenated into two loci (mitochondrial and nuclear
ribosomal DNA) and run in MrBayes as described above,
in order to test whether the two loci share the same
phylogeny (Figs S1, S2). After determining that no sta-
tistically supported incongruences exist between the
gene trees, the two loci were combined into one matrix
and analysed again as described above.

RESULTS
TAXONOMY

GRANIA BRASILIENSIS SP. NOV.
FIGURE 1

Holotype
ZUEC CLI 04, individual CE20734, whole-mounted, sex-
ually mature specimen, with some segments ampu-
tated, from Ponta do Poço, Paranaguá Bay, Paraná
State, southern coast of Brazil, 25°32′54″S, 48°23′18″W,
estuarine subtidal, 7 m depth, medium to coarse sand
with some mud, and lots of shell and cirriped frag-
ments. Collected by A. L. Prantoni, 19 August 2013.
COI barcode sequence, GenBank acc. no KT428110; for
other sequence data, see Table 1.

Etymology
Named for Brazil.

Paratypes
ZUEC CLI 05–CLI 07, three whole-mounted adult
mature specimens, one from the type locality and two
from the rocky promontory of the Ponta do Baleeiro

beach, São Sebastião, São Paulo State, south-east coast
of Brazil, 23°49′41″S, 45°25′23″W, lower intertidal pond,
gravel and coarse sand with shell fragments, A. L.
Prantoni, 28 October 2012. Paratypes not barcoded.

Description
Holotype > 5.71 mm long, > 38 segments (posterior end
used for genetic analyses), 0.18 mm wide at segment III,
0.15 mm wide at segment XII, and 0.12 mm wide at
segment XXI. Paratypes (complete adults) 5.28–
13.7 mm (n = 3), 40–61 segments (n = 3), 0.12–0.14 mm
wide at segment III, 0.13–0.15 mm wide at segment XII,
0.13–0.17 mm wide at segment XXI (n = 2; one paratype
not suitable for width measurements). Prostomium
small, rounded, 45–65 μm long, 39–81 μm wide (n = 4);
epidermis not reduced at front tip, 7–16 μm thick.
Ventral chaetae from segment IV, lateral chaetae from
segment XVII (n = 2) or segment XVIII (n = 2). Chaetae
(Fig. 1A) 35–60 μm long, shaft straight, 3.5–5.0 μm thick
at midpoint, L-shaped, proximally bent into a short
oblique foot, with low instep and receding heel. Chaetal
index (Rota & Erséus, 2003) 3.61 ± 0.56 (n = 5). Epi-
dermal gland cells inconspicuous. Clitellum (not well
developed in the holotype) maximally 18 μm thick, ex-
tending over segment XII and anterior half of
segment XIII, comprising more or less regular trans-
verse rows of hyaline cells alternating with granular
cells; hyaline cells more abundant than granular cells;
both types of cell absent midventrally between male
pores (Fig. 1C). Spermathecal pores paired, lateral, some-
what posterior to 4/5. Male pores ventrolateral in middle
of segment XII. Female pores ventrolateral, just pos-
terior to 12/13. Anus directed ventrad (paratypes).

Figure 1. Grania brasiliensis sp. nov. A, chaetae. B, spermatheca. C, clitellar cell pattern, oriented diagonally. D, penial
bulb and sperm funnel. See text for abbreviations.
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Brain posteriorly indented. Head organ (sensu Rota
& Erséus, 1996) absent. Pharyngeal glands in seg-
ments IV–VI; dorsal lobes present in segment IV (one
pair), segment V (one pair), and in segment VI (one
pair), ventral lobes present in segment IV (one pair),
segment V (two pairs), and in segment VI (two pairs);
glands not connected dorsally. Nephridia not ob-
served. Chloragogen cells inconspicuous. Dorsal blood
vessel arising in segment XIX or XX. Coelomocytes
sparse, small, up to 11.5 μm long, irregularly oval or
circular; cytoplasm with fine granulation around cell
nucleus. Sperm sac extending into segments XIV–
XVI. Egg sac extending into segments XVII–XXII. Sperm
funnels very long, in segments XI–XII (paratype) or seg-
ments XI–XIV (holotype), 10–12 times longer than wide,
directed posteriorly (n = 2) (Fig. 1D). Vasa deferentia
7 μm wide, coiled and reaching at least into segment XV.
Penial apparatus type 1 (sensu Coates, 1984), with small,
round bulb, 59 μm long, 62 μm wide (n = 1), or oval
bulb, 69 μm long, 38 μm wide (n = 1); bulb glandular,
surrounding a simple invaginated male pore; stylet
absent (Fig. 1D). Midventral copulatory gland (in
segment XIV) present. Spermathecae communicating
with the oesophagus close to septum 5/6 through narrow
ental ducts. Ectal ducts spindle-shaped, thick-walled,
muscular, 67–79 μm long, 31–40 μm thick at midcourse,
joining ampullar cavity through conspicuous deep conical
intrusion. Ampullae 41–66 μm long, 36–59 μm wide;
oval, ectally granulated (Fig. 1B). No glands at ectal
pores of spermathecae. Sperm rings not observed in
ampullae.

Remarks
The combination of the long sperm funnel, presence
of a midventral copulatory gland in segment XIV, and
the unusual clitellum, with hyaline cells more abun-
dant than granular cells, may differentiate this new
species from all other described species of Grania.

Grania brasiliensis sp. nov. appears to be similar to
the Caribbean species G. americana, by the shape of
the spermathecae, total length, and number of seg-
ments. In addition, the genetic analyses indicate that
these two species are closely related (see Phylogenetic
analyses). There are at least two obvious morphologi-
cal differences, however: G. americana is distin-
guished from G. brasiliensis sp. nov. by its large glands
at the spermathecal pores and the presence of a head
organ.

Two species from the South Atlantic, sub-Antarctic
island of South Georgia, i.e. Grania monochaeta
(Michaelsen, 1888) and Grania lasserrei Rota & Erséus,
1997, share the presence of a midventral copulatory
gland (in segment XIV) with G. brasiliensis sp. nov. A
third species from the same island, Grania
stephensoniana Rota & Erséus, 1997, also seems to have
this gland, but it was not clearly seen because of the

poor quality of the specimens available for the origi-
nal description (see Rota & Erséus, 1997);
G. stephensoniana is also larger than all the other
species just mentioned. Grania monochaeta is similar
to G. brasiliensis sp. nov. in the location of the
spermathecal pores (at some distance from 4/5), but
it has glands at its spermathecal pores and stylets in
its penial bulbs; G. brasiliensis sp. nov. lacks these char-
acters. Both G. lasserrei and G. stephensoniana possess
a head organ (Rota & Erséus, 1996), a structure ob-
served neither in G. brasiliensis sp. nov. nor in
G. monochaeta.

The presence of a copulatory gland in segment XIV
is also characteristic of the Tasmanian species Grania
tasmaniae Rota & Erséus, 2000, but like G. lasserrei
and G. stephensoniana, this species also has a head
organ, and furthermore, an unusual type of
coelomocytes; according to Rota & Erséus (2000), these
cells resemble the spindle-shaped coelomocytes found
in Cernosvitoviella and some species of Chamaedrilus
(formerly Cognettia; see Martinsson, Rota & Erséus,
2014).

Despite sharing some characters with
G. brasiliensis sp. nov., all of the species from South
Africa described below (see their respective remarks),
have sperm funnels that are short, not long as in the
G. brasiliensis sp. nov., and a clitellar epidermis that
seems to contain only granular cells (no rows of hyaline
cells as in the Brazilian species).

The length of the sperm funnels and the absence
of stylets also distinguish G. brasiliensis sp. nov. from
the Caribbean Grania bermudensis Erséus & Lasserre,
1976, Grania laxartus Locke & Coates, 1999, and Grania
hylae Locke & Coates, 1999. Moreover, these species
differ from G. brasiliensis sp. nov. by their complex penial
apparatus, and the presence of a head organ in both
G. laxartus and G. hylae.

Among the Grania species with elongate sperm
funnels, a pattern of clitellar cells similar to that in
G. brasiliensis sp. nov., i.e. alternating rows of granu-
lar and hyaline cells, has also been described for the
Western Australian Grania sperantia Rota, Wang &
Erséus, 2007; however, this species lacks lateral chaetae
and has an unsually long clitellum (extending over
segments XI–XIII and sometimes over a part of
segment XIV), with a thicker and more complex ‘multi-
band’ pattern, i.e. the hyaline cells are more numer-
ous than the granular cells only at the two ends
(‘borders of clitellum’; Rota et al., 2007).

The sperm funnels are very long (between nine and
18 times longer than wide), in G. brasiliensis sp. nov.
and G. sperantia, as well as in the other Australian
species Grania conjuncta Coates & Stacey, 1993, Grania
vacivasa Coates & Stacey, 1993, Grania eurystila Coates
& Stacey, 1997, and Grania integra Coates & Stacey,
1997; however, all these species are totally devoid
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of lateral chaetae, which is not the case in
G. brasiliensis sp. nov.

GRANIA BEKKOUCHEI SP. NOV.
FIGURE 2

Holotype
SAMC A82466, CE13996, whole-mounted, sexually
mature specimen, ten posterior segments amputated,
from Saldanha Bay, West Coast district, Province of
the Western Cape, South Africa, 33°00′25″S, 17°56′45″E,
intertidal coarse sand in rock crevice. Collected by
N. Bekkouche, 13 December 2011. COI barcode se-
quence, GenBank acc. no. KT428107; for other se-
quence data, see Table 1.

Etymology
Named for Nicolas Bekkouche, the collector of the type
material.

Paratypes
Six whole-mounted, sexually mature specimens, all
collected by N. Bekkouche. SAMC A82467, CE13975,
with 13 posterior segments amputated; SAMC A82468,
CE13995, with some segments amputated,
SAMC A82469, CE13997, with 11 middle body seg-
ments amputated; SAMC A82470, CE13998, with nine
middle body segments amputated; all from the type
locality and the type date. SAMC A82471, CE14035,
with some segments amputated, from Glencairn Heights,
False Bay, City of Cape Town, Province of the Western
Cape, South Africa, 34°09′29″S, 18°26′01″E, lower

intertidal rocky pool, 15 December 2011. SAMC A82472,
CE14059, with seven middle body segments amputat-
ed from Van Dyks Bay, Overberg District, Overstrand
Local Municipality, Province of the Western Cape, South
Africa, 34°37′00″S, 19°21′21″E, rocky beach, shallow
subtidal, 16 December 2011. For COI barcodes of
paratypes, see Table 1.

Description
Body > 6.6–12.5 mm long (n = 5), comprising 55–72 seg-
ments (n = 5) (including the segments used for DNA
analysis), 0.16–0.17 mm wide at segment III, and 0.15–
0.23 mm wide at segment XII (n = 7). Prostomium
rounded, 50–77 μm long, 55–80 μm wide, occasion-
ally epidermis slightly reduced at front tip, 7–12 μm
thick (n = 7). Ventral chaetae from segment IV, lateral
chaetae from segment XIV (n = 4) or segment XV (n = 3),
sometimes present in preclitellar segments VII–VIII
(n = 1), VII–IX (n = 1), or VII–X (n = 1). Chaetae (Fig. 2A)
54–74 μm long, shaft straight, 3.7–6.2 μm thick at mid-
point, L-shaped, proximally bent into a foot with broad
instep and indistinct heel. Chaetal index (Rota & Erséus,
2003) 4.92 ± 0.68 (n = 5). Free chaetae (partly re-
sorbed?) scattered in coelomic cavity, mostly in
preclitellar segments. Epidermal gland cells incon-
spicuous. Clitellum 12–19 μm thick, extending from
segment XII to middle of segment XIII, formed by more
or less regular transverse rows of granular cells, absent
between male pores, hyaline cells not observed.
Spermathecal pores in lateral lines, at short distance
from 4/5. Male pores ventrolateral in mid segment XII.
Female pores lateral (?) in 12/13.

Figure 2. Grania bekkouchei sp. nov. A, chaetae. B, spermatheca. C, penial bulb and sperm funnel. See text for
abbreviations.
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Brain posteriorly indented. Head organ (sensu Rota
& Erséus, 1996) absent. Pharyngeal glands in seg-
ments IV–VI; dorsal lobes present in segments IV (one
pair), V (one pair), and VI (one pair), ventral lobes
present in segments IV (one pair), V (two pairs), and
VI (two pairs); glands not connected dorsally. Nephridia
not observed. Chloragogen cells inconspicuous. Dorsal
blood vessel commencing in segments XVIII–XX.
Coelomocytes not observed. Sperm sac reaching XVII.
Egg sac extending into segments XVII–XXII. Sperm
funnels about 2.5 times longer than wide (n = 5; Fig. 2C).
Vasa deferentia 7.5 μm wide, internally ciliated, coiled,
extending into segments XII–XV. Penial apparatus type 1
(sensu Coates, 1984), with oval or round bulb, 55–
77 μm long, 45–87 μm wide (n = 7); bulb glandular, sur-
rounding a simple invaginated male pore; stylet absent
(Fig. 2C). Midventral copulatory gland (in segment XIV)
present. Spermathecae communicating with oesopha-
gus at posterior end of segment V. Ectal duct of
spermatheca 75–110 μm long, 27–43 μm wide, mus-
cular, maintaining uniform width over its entire length,
proximally curved to enter ampulla, devoid of glands
at pore. Spermathecal ampulla 60–75 μm long, 60–
82 μm wide, dome-shaped with granular walls, con-
taining sperm rings, each maximally 15 μm wide
(Fig. 2B).

Remarks
Although noted for some unidentified specimens from
the Marion and Crozet islands in the Southern Indian
Ocean (see Rota & Erséus, 1997), the presence of lateral
chaetae in preclitellar segments is rather unusual in
this genus, and is only formally reported for G. lasserrei
and one specimen of G. monochaeta, both from South
Georgia Island (Rota & Erséus, 1997). According to
Erséus & Lasserre (1976) and Rota & Erséus (1997),
the beginning of the chaetal distribution, particular-
ly that of the lateral chaetae, is subject to consider-
able intraspecific variation. Even so, G. lasserrei differs
from G. bekkouchei sp. nov. by its spermatheca, which
has a dorsal, thin-walled, and sacciform diverticulum
on the spermathecal ampulla. In G. monochaeta the
ectal duct of the spermatheca narrows at both ends.
The ampulla of G. bekkouchei sp. nov. is dome-shaped
and the ectal duct maintains the same width along
its entire length. In addition, G. lasserrei possesses a
head organ, which is absent in G. bekkouchei sp. nov.

Although seldom noted in descriptions of
Enchytraeidae, we observed a lateral ring of histo-
logically distinct cells indicating a small pore-like struc-
ture in the intersegmental furrows 12/13 of the holotype:
we interpret these structures as the female pores.

Among the new South African species described
here, G. bekkouchei sp. nov., and its cryptic sister
species Grania cryptica sp. nov., differ from Grania
capensis sp. nov. in the morphology of the spermathecae.

Unlike the former two species, G. capensis sp. nov. has
a pear-shaped ampulla and an ectal duct that narrows
near the pores. The species are also separated by the
chaetal distribution, although some anterior lateral
chaetae are irregularly distributed in all three (see the
preceding paragraph). The postclitellar lateral chaetae
start in segments XIV–XV in G. bekkouchei sp. nov., in
segment XVIII in G. cryptica sp. nov., and in seg-
ments XXI–XXII in G. capensis sp. nov. In addition, the
chaetae of G. bekkouchei sp. nov. have a broad instep
and no prominent heel, which make them morpho-
logically different from those of G. capensis sp. nov. (see
Figs 3, 5).

Grania simonae sp. nov., also from South Africa, is
easily distinguished from G. bekkouchei sp. nov. by the
absence of lateral chaetae, the absence of a midventral
copulatory gland (in segment XIV), the morphology of
the spermathecae, and the start of the dorsal blood
vessel (see remarks for G. simonae sp. nov. below).

A cryptic form, morphologically similar to
G. bekkouchei sp. nov., is described as a separate species
below (G. cryptica sp. nov.).

GRANIA CRYPTICA SP. NOV.
FIGURE 3

Holotype
SAMC A82473, CE14031, whole-mounted, sexually
mature specimen, with 11 midbody segments ampu-
tated, from Glencairn Heights, False Bay, City of Cape
Town, Province of the Western Cape, South Africa,
34°09′29″S, 18°26′01″E, lower intertidal rocky pool,
15 December 2011. Collected by N. Bekkouche, 15 De-
cember 2011. COI barcode sequence, GenBank acc. No.
KT428109; for other sequence data, see Table 1.

Etymology
Named cryptica because it is morphologically ‘hidden’
(cryptic) vis-à-vis G. bekkouchei sp. nov.

Description
Body > 11.6 mm long, 64 segments (including 11 seg-
ments used for DNA analysis), 0.17 mm wide at
segment III, and 0.18 mm wide at segment XII.
Prostomium rounded, 72 μm long, 62 μm wide, epi-
dermis 15 μm thick, reduced to 10 μm at front tip.
Ventral chaetae from segment IV, lateral chaetae in
preclitellar segments in segments VI–IX; in postclitellar
segments from segment XVIII. Chaetae (Fig. 3A) 66–
75 μm long, shaft straight, 5–6 μm thick at midpoint,
entally hook-shaped. Free chaetae (partly resorbed?)
scattered in the coelomic cavity, present in both
preclitellar and postclitellar segments. Epidermal gland
cells inconspicuous. Clitellum 10 μm thick, extending
from segment XII to middle of segment XIII, formed
by more or less regular transverse rows of granular
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cells, absent between male pores, hyaline cells not ob-
served. Spermathecal pores in lateral lines, located at
short distance from 4/5. Male pores ventrolateral in
mid segment XII. Female pores not observed.

Brain posteriorly indented. Head organ (sensu Rota
& Erséus, 1996) absent. Pharyngeal glands in seg-
ments IV–VI; dorsal lobes present in segment IV (one
pair), in segment V (one pair), and in segment VI (one
pair), ventral lobes present in segment IV (one pair),
in segment V (two pairs), and in segment VI (two pairs);
glands not connected dorsally. Nephridia not ob-
served. Chloragogen cells inconspicuous. Dorsal blood
vessel commencing in segment XVIII. Coelomocytes not
observed. Sperm sac reaching segment XVII. Egg sac
not developed. Sperm funnels about 2.5 times longer
than wide (Fig. 3D). Vasa deferentia 10 μm wide, in-
ternally ciliated, coiled, extending into segments XII–
XVI. Penial apparatus type 1 (sensu Coates, 1984), with
round bulb, 88 μm long, 88 μm wide; bulb glandular,
surrounding a simple invaginated male pore; stylet
absent (Fig. 3C). Midventral copulatory gland (in
segment XIV) present. Spermathecae communicating
with oesophagus at posterior end of segment V. Ectal
duct of spermatheca 94 μm long, 40 μm wide, muscu-
lar, curved, and slightly narrowing at distal end, devoid
of glands at pore. Spermathecal ampulla 77 μm long,
80 μm wide, dome-shaped with granular walls, enclos-
ing sperm rings, each maximally 16 μm wide (Fig. 3B).

Remarks
The only distinguishing morphological feature
observed between G. cryptica sp. nov. and
G. bekkouchei sp. nov. is the shape of the chaetae. The

latter has L-shaped chaetae with a broad instep
(Fig. 4A, B, C), whereas in G. cryptica sp. nov. the
chaetae are hook-shaped (Fig. 4D, E, F). The shape
of the spermatheca is virtually identical in
G. bekkouchei sp. nov. and G. cryptica sp. nov., with
a possible difference, suggested by the single speci-
men of G. cryptica sp. nov., that the ectal duct gently
narrows to its junction with the ampulla in the latter
species. This, however, may be an artifact from slide
mounting.

Although G. bekkouchei sp. nov. and G. cryptica sp. nov.
are difficult to distinguish morphologically, they ge-
netically differ from each other in all loci investigat-
ed, clearly indicating that they are separately evolving
lineages. This, in combination with their sympatric dis-
tribution, strongly supports them to be two different
species.

GRANIA CAPENSIS SP. NOV.
FIGURE 5

Holotype
SAMC A82474, CE14015, whole-mounted, sexually
mature specimen, with 11 midbody segments ampu-
tated, from Glencairn Heights, False Bay, City of Cape
Town, Province of the Western Cape, South Africa,
34°09′29″S, 18°26′01″E, lower intertidal rocky pool. Col-
lected by N. Bekkouche, 15 December 2011. COI barcode
sequence, GenBank acc. no. KT428104; for other se-
quence data, see Table 1.

Etymology
Named capensis for the Cape Town area.

Figure 3. Grania cryptica sp. nov. A, chaetae. B, spermatheca. C, penial bulb. D, sperm funnel. See text for
abbreviations.

© 2016 The Linnean Society of London, Zoological Journal of the Linnean Society, 2016, 176, 485–510

493GRANIA FROM AFRICA AND SOUTH AMERICA



Paratype
SAMC A82475, CE14016, one whole-mounted, sexual-
ly mature specimen, ten middle body segments
amputated, from type locality, N. Bekkouche,
15 December 2011. For COI barcode of paratype, see
Table 1.

Description
Body > 9.2 and 9.9 mm long, 49 and 63 segments (n = 2)
(including segments used for DNA analysis), 0.22 and
0.24 mm wide at segment III, 0.20 and 0.26 mm wide
at segment XII (n = 2). Prostomium rounded, 83 and
120 μm long, 100 and 110 μm wide; epidermis 17 and

Figure 4. Chaetae of Grania bekkouchei sp. nov. A, ventral, from segment VII. B, ventral, from segment X. C, ventral,
from segment XXXI. Chaetae of Grania cryptica sp. nov. D, lateral, from segment XXI. E, ventral, from segment XXVII.
F, ventral, from segment XVIII.

Figure 5. Grania capensis sp. nov. A, chaetae. B, spermatheca. C, penial bulb. D, sperm funnel. See text for
abbreviations.
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12 μm thick (n = 2), not notably reduced at front tip.
Ventral chaetae from segment IV, lateral chaetae oc-
casionally present in segment VII (n = 1), but other-
wise from segments XXI or XXII. Chaetae (Fig. 5A) 45–
90 μm long, shaft straight, 5.0–7.5 μm thick at midpoint,
L-shaped, proximally curving into an 11–25 μm long
foot with indistinct heel. Chaetal index (Rota & Erséus,
2003) 4.42 ± 0.88 (n = 4). Free chaetae sometimes
present, scattered in coelomic cavity. Epidermal gland
cells inconspicuous. Clitellum not well developed,
12.5 μm thick, extending from segment XII to two-
thirds of segment XIII, formed by more or less regular
transverse rows of granular cells, absent between
male pores, hyaline cells not observed. Spermathecal
pores in lateral lines, slightly posterior to 4/5. Male
pores ventrolateral in mid-XII. Female pores not
observed.

Brain posteriorly indented. Head organ (sensu Rota
& Erséus, 1996) absent. Pharyngeal glands in seg-
ments IV–VI; dorsal lobes present in segment IV (one
pair), in segment V (one pair), and in segment VI (one
pair), ventral lobes present in segment IV (one pair),
in segment V (two pairs), and in segment VI (two pairs);
glands not connected dorsally. Nephridia not ob-
served. Chloragogen cells not observed. Dorsal blood
vessel originating in segments XIX (paratype) or XX
(holotype). Coelomocytes not observed in available speci-
mens. Sperm sac extending into segments XVI–XVII.
Egg sac not developed. Sperm funnels cylindrical, about
three times longer than wide (Fig. 5D). Vasa deferentia
15 μm wide, internally ciliated, coiled, reaching at least
segment XV. Penial apparatus type 1 (sensu Coates,
1984), consisting of a glandular bulb, 75–100 μm long,
75–87 μm wide (n = 2) next to epidermal invaginations;
stylet absent (Fig. 5C). Midventral copulatory gland (in
segment XIV) present. Ectal duct of spermatheca short,
thick, 53–75 μm long, 39–55 μm wide, muscular, slight-
ly curved, and narrowing towards pore. No gland at
pore. Spermathecal ampulla 57–75 μm long, 75–
87 μm wide, pear-shaped, attached to oesophagus in
posterior half of segment V. Sperm rings few, maxi-
mally 15 μm wide (Fig. 5B).

Remarks
Grania capensis sp. nov. differs from its South African
congeners by the shape of the spermathecae, the dis-
tribution of the lateral chaetae (see remarks for
G. bekkouchei sp. nov. and G. cryptica sp. nov. above, and
G. simonae sp. nov. below), and wide vasa deferentia;
the latter are 15.0 μm wide in G. capensis sp. nov., but
only 7.5–10.0 μm wide in the others. The spermathecae
of G. capensis sp. nov. are pear- or heart-shaped, re-
sembling those of the South Atlantic species
G. stephensoniana (see Rota & Erséus, 1997), but these
two species are distinguished by the length of the sperm
funnel (about three times longer than wide in

G. capensis sp. nov., and six or seven times longer than
wide in G. stephensoniana).

Although geographically distant, two species from
the north-east Atlantic, Grania roscoffensis Lasserre,
1967 and Grania pusilla Erséus, 1974, also share some
characteristics with G. capensis sp. nov., such as the
spermathecal morphology, the length of the sperm
funnel, and the distribution of the lateral chaetae. This
South African species is distinct from all of these,
however, by the simple penial bulb (the other species
have a stylet), and the presence of a midventral copu-
latory gland in segment XIV (absent in the others).

GRANIA SIMONAE SP. NOV.
FIGURE 6

Holotype
SAMC A82476, CE14111, whole-mounted, sexually
mature specimen, 11 posterior segments amputated,
from Van Dyks Bay, Overberg District, Overstrand Local
Municipality, Province of the Western Cape, South
Africa, 34°37′00″S, 19°21′21″E, intertidal crevice between
rocks. Collected by N. Bekkouche, 16 December 2011.
COI barcode sequence, GenBank acc. no. KT428100;
for other sequence data, see Table 1.

Etymology
Named for the South African annelid specialist, Dr Carol
Simon, who arranged and generously assisted with the
workshop/fieldwork that led to the collection of this
species.

Paratypes
Six whole-mounted, sexually mature specimens, all
from the type locality and date, and collected by
N. Bekkouche. SAMC A82482, complete, not DNA
barcoded specimen. SAMC A82477, CE14110, with 14
midbody segments amputated. SAMC A82478, CE14112,
with 14 middle body segments amputated.
SAMC A82479, CE14058, with some segments ampu-
tated. SAMC A82480, CE14060, with eight posterior
segments amputated. SAMC A82481, CE14093, with
some segments amputated, from the type locality too,
but in shallow subtidal. For COI barcodes of paratypes,
see Table 1.

Description
Body of only complete specimen 16 mm long, 79 seg-
ments (paratype SAMC A82482), 0.16–0.20 mm wide
at segment III, 0.15–0.22 mm wide at segment XII
(n = 7). Prostomium rounded, 55–87 μm long, 62–
80 μm wide, epidermis 7–10 μm thick (n = 7), not
reduced at front tip. Ventral chaetae present from
segment IV, lateral chaetae absent. Chaetae (Fig. 6A)
L-shaped, 45–90 μm long, 5–6 μm thick at midpoint,
shaft straight and broad at the base, foot 16–20 μm
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long, with slight heel, and sometimes with slight toe.
Chaetal index (Rota & Erséus, 2003) 4.70 ± 0.39 (n = 5).
Free chaetae scattered in the coelomic cavity, some-
times numerous. Epidermal gland cells inconspicu-
ous. Clitellum maximally 22 μm thick, extending from
segments XII to XIII, comprising rows of large granu-
lar cells, absent between male pores. Spermathecal pores
in lateral lines, immediately posterior to 4/5. Male pores
located ventrolaterally in mid-segment XII. Female
pores not observed.

Brain posteriorly indented. Head organ (sensu Rota
& Erséus, 1996) absent. Pharyngeal glands in seg-
ments IV–VI, dorsal lobes in segment IV (one pair), in
segment V (one pair), and in segment VI (one pair),
ventral lobes present in segment IV (one pair), in
segment V (two pairs), and in segment VI (two pairs);
glands not connected dorsally. Nephridia not ob-
served. Chloragogen cells from segment VII distinc-
tive, containing dark granules, dense in posterior
segments. Dorsal blood vessel from segments XXI or
XXIV (n = 3). Coelomocytes irregular, at least 10 μm
wide, most abundant posteriorly (in complete speci-
men) (Fig. 6C). Sperm sac extending into segment XVI,
egg sac reaching segment XX. Sperm funnels in
segment XI about two times longer than wide, folded,
occasionally directed posteriorly (holotype) (Fig. 6D).
Vasa deferentia reaching at least segment XIV, coiled,
internally ciliated, 15 μm wide near sperm funnel, nar-
rowing to about 10 μm. Glandular penial bulb type 1
(sensu Coates, 1984), 75–80 μm long, 50–68 μm wide
(n = 6); stylet absent (Fig. 6D). Copulatory gland (in
segment XIV) absent. Spermathecal ampulla small, more
or less spherical, 37–55 μm long, 37–52 μm wide

(Fig. 6B). Sperm rings up to 15 μm wide. Ectal duct
slender, 90–115 μm long, 17–25 μm wide, not narrow-
ing at ends. No gland at spermathecal pore.

Remarks
Grania simonae sp. nov. is unique among the South
African species described here and all other members
of the genus by the combination of the following char-
acters: lack of lateral chaetae, spermathecae with small
and spherical ampulla, dense chloragogen cells, dorsal
blood vessel commencing in segment XXIV, and absence
of head organ and a midventral copulatory gland in
segment XIV. This is the only South African species
with numerous and conspicuous coelomocytes scat-
tered throughout the body, but as stated by Rota et al.
(2007) and De Wit & Erséus (2007), the apparent lack
of coelomocytes in the other species described herein
may be an artifact, caused by the fixation and stain-
ing procedures.

The absence of lateral chaetae has been recorded for
at least 13 different species of Grania to date. Among
them, G. simonae sp. nov. is reminiscent of the Ant-
arctic species Grania carchinii Rota & Erséus, 1996,
by the absence of penial stylets and head organ, and
the possession of dense chloragogen cells; however, the
adult specimens of G. simonae sp. nov. are at least twice
as large as those of G. carchinii known so far. These
two species are also distinguished from each other by
the morphology of the spermatheca. Grania carchinii
has a larger (pear-shaped) spermathecal ampulla and
a shorter spermathecal duct than G. simonae sp. nov.;
the latter has a spherical spermathecal ampulla.

Figure 6. Grania simonae sp. nov. A, chaetae. B, spermatheca. C, coelomocytes. D, penial bulb and sperm funnel. See
text for abbreviations.
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Moreover, G. carchinii has a midventral copulatory gland
in segment XIV, which is lacking in G. simonae sp. nov.

The Western Australian G. conjuncta and G. vacivasa
also resemble G. simonae sp. nov. by the absence of
lateral chaetae, stylets, and head organ, but they both
differ from the latter by possessing a midventral copu-
latory gland in segment XIV and by extremely long
sperm funnels; the funnels are only about twice longer
than wide in G. simonae sp. nov., but 19 times longer
than wide in G. conjuncta, and 11–15 times longer than
wide in G. vacivasa.

GRANIA HINOJOSAI SP. NOV.
FIGURE 7

GRANIA SP. CHILE 1; DE WIT ET AL., 2011B

Holotype
ZUEC CLI 08, PDW186, whole-mounted, sexually
mature specimen, with some segments amputated, from
Puerto Aldea, Coquimbo, Elqui, Chile, 30°18′19″S,
71°39′33″W. Intertidal, sand among rocks, P. De Wit
and I. Hinojosa, 6 February 2009. COI barcode se-
quence, GenBank acc. no. GU902189; for other se-
quence data, see Table 1.

Etymology
Named for Ivan Hinojosa, who was instrumental to
all of the Chilean fieldwork.

Paratypes
Four whole-mounted, sexually mature specimens, and
all collected by P. De Wit. ZUEC CLI 09, PDW187, with

some segments amputated, from type locality. ZUEC CLI
10–CLI 12, PDW177, PDW181, PDW182, with some
segments amputated, from Pampilla Point, Coquimbo,
Elqui, Chile, 29°57′23″S, 71°21′39″W, heterogeneous sand
with organic material, 6 February 2009. For COI bar-
codes of paratypes, see Table 1.

Description
Body > 4.15–5.85 mm long, > 18–28 segments (n = 5)
(posterior ends used for DNA extractions), 0.17–
0.20 mm wide at segment V, 0.16–0.20 mm at
segment XII (n = 5). Prostomium conical or rounded,
67–87 μm long, 100–110 μm wide, epidermis not reduced
at front tip, 10–12 μm thick (n = 5). Ventral chaetae
from segment IV, lateral chaetae from segments XVII–
XIX. Chaetae (Fig. 7A) increasing in size towards the
posterior, 30–65 μm long, shaft straight, 3.7–6.2 μm thick
at midpoint, L-shaped, proximally bent into a foot, with
low instep and indistinct heel. Chaetal index (Rota &
Erséus, 2003) 3.99 ± 0.42 (n = 5). Epidermal gland cells
inconspicuous. Clitellum maximally 7–10 μm thick, ex-
tending from posterior half of segment XI to anterior
half of segment XIII, formed by more or less regular
transverse rows of granular cells, absent between male
pores. Spermathecal pores in lateral lines, somewhat
posterior to 4/5. Male pores ventrolateral in mid-
segment XII. Female pores not observed.

Brain posteriorly indented. Head organ (sensu Rota
& Erséus, 1996) absent. Pharyngeal glands in seg-
ments IV–VI, dorsal lobes in segment IV (one pair), in
segment V (one pair), and in segment VI (one pair),
ventral lobes present in segment IV (one pair), in

Figure 7. Grania hinojosai sp. nov. A, chaetae. B, spermatheca. C, penial bulb and sperm funnel. See text for
abbreviations.
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segment V (two pairs), and in segment VI (two pairs);
glands not connected dorsally. Nephridia not ob-
served. Chloragogen cells not observed. Dorsal blood
vessel commencing in segments XV or XVI. Coelomocytes
not observed. Sperm sac extending into segment XIV,
egg sac extending into segment XVI (holotype). Sperm
funnels about 1.5 times longer than wide (Fig. 7C). Vasa
deferentia observed in segments XI–XII, internally cili-
ated, tightly coiled near sperm funnel, 10 μm wide.
Penial apparatus type 1 (sensu Coates, 1984), small,
compact glandular bulb, 47–50 μm long, 55–67 μm wide
(n = 5); stylet absent. Midventral copulatory gland (in
segment XIV) present. Each spermatheca attached to
oesophagus in posterior half of segment V through
narrow ental duct. Ampulla ‘heart-shaped’, 37–55 μm
long, 37–52 μm wide (Fig. 7B). Sperm rings maxi-
mally 17 μm wide, but few (n = 5). Ectal duct narrow-
ing at both ends, 80–92 μm long, 37–40 μm wide, joining
ampulla through a conical intrusion, with a promi-
nent gland attached near pore (Fig. 7B).

Remarks
The diagnostic characters for G. hinojosai sp. nov. are
the unique combination of the glands at the
spermathecal pores, the location of these pores, at some
distance from 4/5, the short sperm funnels, and the
small and compact penial bulbs.

Among the group of Grania species possessing glands
at the spermathecal pores, Grania novacaledonia De
Wit & Erséus, 2007 resembles this Chilean species by
sharing characters such as the distribution of lateral
chaetae, the chaetal size distribution (increasing in size
posteriorly), presence of a midventral copulatory gland
(in segment XIV), and the absence of copulatory stylets;
however, G. hinojosai sp. nov. is distinguished by its
shorter sperm funnel and its spermathecal ducts nar-
rowing ectally. Spermathecal glands have also been re-
ported for some species in the West Indian Ocean
[Grania ersei Coates, 1990 and Grania darwinensis
(Coates & Stacey, 1997)], North Pacific waters [Grania
paucispina (Eisen, 1904)], and the North (G. ameri-
cana) as well as the South Atlantic Ocean
(G. monochaeta). The heart-shaped spermathecal
ampulla, the somewhat spindle-shaped spermathecal
duct, and the more posterior distribution of the lateral
chaetae appear to distinguish G. hinojosai sp. nov. from
G. ersei and G. paucispina; the lateral chaetae begin
in segments XVII–XIX in G. hinojosai sp. nov., but in
segments XIV or XV in the other two taxa. Grania ersei
has a top-shaped spermathecal ampulla, and a long,
coiled spermathecal duct, whereas G. paucispina has
a spermatheca with an ovoid ampulla. Moreover, G. ersei
possesses very long copulatory stylets, structures not
even present in G. hinojosai sp. nov.

The Western Australian G. darwinensis has a more
complex penial apparatus than G. hinojosai sp. nov., i.e.

it has accessory glands, covered by muscle layers, at
both sides of the bulb, whereas in G. hinojosai sp. nov.,
the whole apparatus is smaller and compact.

Grania americana is easily differentiated from
G. hinojosai sp. nov. by the length of the sperm funnel
(eight times longer than wide in the former, about 1.5
times longer than wide in the latter) and the pres-
ence of a head organ, absent in G. hinojosai sp. nov.

Although G. monochaeta and G. hinojosai sp. nov.
share the somewhat unusual, more posterior, posi-
tion of the spermathecal pores, and the presence of a
midventral copulatory gland in segment XIV (Rota &
Erséus, 1997), the lateral chaetae start in segment XIII
in G. monochaeta, but start in segments XVII–XIX in
G. hinojosai sp. nov. Finally, G. hinojosai sp. nov. differs
from all species mentioned above by its short sperm
funnel.

GRANIA CHILENSIS SP. NOV.
FIGURE 8

GRANIA SP. CHILE 2; DE WIT ET AL., 2011B

Holotype
ZUEC CLI 13, PDW193, whole-mounted, sexually
mature specimen, with some segments amputated, from
Punta Loncoyen, Valdivia, Chile, 39°49′27″S, 73°24′25″W.
Lower intertidal, sand among rocks. Collected by P. De
Wit, 9 February 2009. COI barcode sequence, GenBank
acc. no. GU902190; for other sequences, see Table 1.

Etymology
Named for Chile.

Paratypes
Six whole-mounted, sexually mature specimens, col-
lected by P. De Wit. ZUEC CLI 14–CLI 16, PDW190,
PDW191, PDW194, with some segments amputated,
from type locality. ZUEC CLI 17, PDW185, with some
segments amputated, from Puerto Aldea, Coquimbo,
Elqui, Chile, 30°18′19″S, 71°39′33″W, intertidal, sand
among rocks, 6 February 2009. ZUEC CLI 18–CLI 19,
PDW198, PDW199, with some segments amputated,
from Caleta Tumbes, Talcahuano, Concepción, Chile,
36°38′00″S, 73°05′27″W, lower intertidal, hetero-
geneous sand with organic material between boul-
ders, 16 February 2009. For COI barcodes of paratypes,
see Table 1.

Description
Body > 3.85–7.45 mm long, > 26–40 segments (n = 6)
(posterior ends used for DNA extractions), 0.13–
0.17 mm wide at segment V, 0.11–0.19 mm at
segment XII (n = 6). Prostomium conical, 55–80 μm long,
60–80 μm wide, epidermis not reduced at front tip, 7 μm
thick (n = 6). Ventral chaetae from segment IV, lateral
chaetae beginning in segment XVI (n = 1), in
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segment XVII (n = 3), in segment XVIII (n = 1), or
segment XIX (n = 1). Chaetae (Fig. 8A) of uniform size,
44–59 μm long, shaft straight, 3.7–5.0 μm thick at mid-
point, L-shaped, proximally bent into a foot with low
instep, and with distinct heel only in preclitellar seg-
ments. Chaetal index (Rota & Erséus, 2003) 4.03 ± 0.52
(n = 5). Epidermal gland cells inconspicuous. Clitellum
maximally 10–12 μm thick (n = 4), extending from
segment XII to anterior half of segment XIII, consist-
ing of transverse rows of granular gland cells inter-
spersed with hyaline cells; with the latter, however,
absent ventrally. Spermathecal pores in lateral lines,
just posterior to 4/5. Male pores ventrolateral in middle
of segment XII. Female pores not observed.

Brain posteriorly indented. Head organ (sensu Rota
& Erséus, 1996) absent. Pharyngeal glands in seg-
ments IV–VI, dorsal lobes in segment IV (one pair), in
segment V (one pair), and in segment VI (one pair),
ventral lobes present in segment IV (one pair), in
segment V (two pairs), and in segment VI (two pairs);
glands not connected dorsally. Nephridia not
observed. Chloragogen cells not observed. Dorsal
blood vessel commencing in segments XVI–XVIII.
Coelomocytes not observed. Sperm sac extending to seg-
ments XIII–XV, egg sac extending to segments XV–
XVII. Sperm funnels about 1.5–2.5 times longer than
wide (Fig. 8C). Vasa deferentia observed in segments XI–
XIII, internally ciliated, coiled, 10 μm wide. Penial ap-
paratus type 1 (sensu Coates, 1984), small, compact
glandular bulb, 35–55 μm long, 37–50 μm wide (n = 6);
stylet absent. Midventral copulatory gland (in
segment XIV) present. Spermatheca attached to oesopha-
gus in posterior half of segment V by narrow ental duct.

Ampulla oval, 42–65 μm long, 30–42 μm wide (Fig. 8B).
Sperm rings maximally 17 μm wide, but few. Ectal duct,
54–95 μm long, 13–30 μm wide at midcourse. No gland
at spermathecal pore.

Remarks
The compact and small penial bulb, the sperm funnels
being 1.5–2.5 times longer than wide, the absence of
penial stylets, the presence of a midventral copula-
tory gland in segment XIV, and the distribution of the
lateral chaetae, starting from segments XVI–XIX, make
G. chilensis sp. nov. reminiscent of G. hinojosai sp. nov.;
however, G. hinojosai sp. nov. has a spermathecal
ampulla that is heart-shaped, a distinct chaetal size
distribution (chaetae becoming larger towards the pos-
terior end), and possesses a gland at the spermathecal
pore, whereas in G. chilensis sp. nov. the ampulla is
ovoid, the chaetal size is uniform, and there are no
glands at the spermathecal pore.

Three species from South Pacific, Grania galbina De
Wit & Erséus, 2007, Grania breviductus De Wit, Rota
& Erséus, 2009, and G. novacaledonia share a similar
distribution of the lateral chaetae to that in
G. chilensis sp. nov. Moreover, as in G. chilensis sp. nov.,
a midventral copulatory gland is present in G. breviductus
and G. novacaledonia too. Grania chilensis sp. nov.,
however, differs from all the species mentioned above
by the short length of the sperm funnel; in the other
three species these funnels are about four or five times
longer than wide. Furthermore, G. galbina has its male
pore surrounded by a large granular mass, G. breviductus
has the communication between the spermatheca and
the oesophagus in the middle of segment V, and

Figure 8. Grania chilensis sp. nov. A, chaetae. B, spermatheca. C, penial bulb and sperm funnel. See text for
abbreviations.
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G. novacaledonia possesses glands at the spermathecal
pores, none of which is the case for G. chilensis sp. nov.

The ovoid spermathecal ampulla, the length of
the sperm funnel, the distribution of the lateral
chaetae, and the absence of a penial stylet make
G. chilensis sp. nov. (see discussion above) similar to
the Irish Grania mira Locke & Coates, 1998, but in
addition to being geographically distant from this
species, G. chilensis sp. nov. differs from G. mira by the
presence of a midventral copulatory gland in
segment XIV, and the lack of thickened muscles along
the male ducts.

GRANIA UNITHECA SP. NOV.
FIGURE 9

Holotype
USNM1283175, CE11659, whole-mounted, sexually
mature specimen, eight posterior segments amputat-
ed, from North Carolina, USA, 34°47′22″N, 76°13′43″W.
Sublitoral, 17 m in depth, sand. Collected by C. Erséus,
24 May 2011. COI barcode sequence, GenBank acc. no.
KT428113; for other sequences, see Table 1.

Etymology
Named unitheca for its single spermatheca.

Description
Body > 8.56 mm long, 61 segments (including seg-
ments used for DNA analysis), 0.09 mm wide at
segment V, 0.09 mm at segment XII. Prostomium
rounded, 40 μm long, 60 μm wide, epidermis not reduced
at front tip, 6 μm thick. Ventral chaetae from
segment XV, lateral chaetae absent. Chaetae (Fig. 9A)

50–62 μm long, shaft straight, 3.7–5.0 μm thick at mid-
point, hook-shaped. Epidermal gland cells inconspicu-
ous. Clitellum not well developed. Spermathecal pore
unpaired, mid dorsal, just posterior to 4/5. Male pores
ventrolateral in middle of segment XII. Female pores
not observed.

Brain posteriorly indented. Head organ (sensu Rota
& Erséus, 1996) absent. Pharyngeal glands in seg-
ments IV–VI, dorsal lobes in segment IV (one pair), in
segment V (one pair), and in segment VI (one pair),
ventral lobes present in segment IV (one pair), in
segment V (two pairs), and in segment VI (two pairs);
glands not connected dorsally. Nephridia not ob-
served. Chloragogen cells not observed. Dorsal blood
vessel commencing in segment XV. Coelomocytes not
observed. Sperm sac extending to segment XIV, egg sac
in segment XVII. Sperm funnels as long as wide
(Fig. 9D). Vasa deferentia observed in segments XII–
XIII, internally ciliated, coiled, 8 μm wide. Penial ap-
paratus type 1 (sensu Coates, 1984), small, compact
glandular bulb, 44 μm long, 39 μm wide; stylet absent
(Fig. 9C). Midventral copulatory gland (in segment XIV)
present. Spermatheca attached to oesophagus near 5/6.
Ampulla nearly spherical, 52 μm long, 54 μm wide.
Sperm rings maximally 9 μm wide (Fig. 9B). Ectal duct,
61 μm long, 35 μm wide at midcourse. No gland at
spermathecal pore.

Remarks
An unpaired spermatheca is unusual in enchytraeids
and, among Grania species, it has been only report-
ed for Grania monospermatheca Erséus & Lasserre,
1976, also known from the continental shelf off the

Figure 9. Grania unitheca sp. nov. A, chaetae. B, spermatheca. C, penial bulb. D, sperm funnel. See text for
abbreviations.
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eastern USA. In fact, G. unitheca sp. nov. is morpho-
logically similar to G. monospermatheca in almost all
characters observed; however, it may be distin-
guished from G. monospermatheca by its small and
compact penial bulb, with no stylet. Grania
monospermatheca has a more complex penial appa-
ratus, with a large glandular structure attached to the
penial bulb, and the presence of a stylet. Further-
more, G. unitheca sp. nov. possesses a midventral copu-
latory gland in segment XIV. This gland was not
observed in G. monospermatheca (see Erséus & Lasserre,
1976 and Coates & Erséus, 1985).

Genetically, these two species are well distin-
guished from each other; however, the phylogenetic
analysis, as well as the fact that the two species are
from the same geographical area, suggest that
G. unitheca sp. nov. and G. monospermatheca are closely
related (see ‘Phylogenetic analysis’ below).

GRANIA CAROLINENSIS SP. NOV.
FIGURE 10

Holotype
USNM 1283174, CE11569, whole-mounted, sexually
mature specimen, with some segments amputated, from
off North Carolina, USA, 33°10′23″N, 76°45′23″W. Con-
tinental shelf slope, 492 m in depth, sand. Collected
by C. Erséus, 20 May 2011. COI barcode sequence,
GenBank acc. no. KT428112; for other sequences, see
Table 1.

Etymology
Named for North Carolina.

Description
Body > 5.10 mm long, > 30 segments (posterior end used
for DNA extractions), 0.08 mm wide at segment V,
0.09 mm wide at segment XII. Prostomium rounded,
51 μm long, 66 μm wide, epidermis 10 μm thick, reduced
to 4 μm at front tip. Ventral chaetae from segment XIII,
lateral chaetae absent. Chaetae (Fig. 10A) 42–50 μm
long, shaft straight, 3.7 μm thick at midpoint, L-shaped,
proximally bent into a foot with low instep and slight
heel. Chaetal index (Rota & Erséus, 2003) 3.60 ± 0.33
(n = 4). Epidermal gland cells inconspicuous. Clitellum
not well developed. Spermathecal pores in lateral lines,
immediately posterior to 4/5. Male pores ventrolateral
in mid-segment XII. Female pores not observed.

Brain posteriorly indented. Head organ (sensu Rota
& Erséus, 1996) absent. Pharyngeal glands in seg-
ments IV–VI, dorsal lobes in segment IV (one pair), in
segment V (one pair), and in segment VI (one pair),
ventral lobes present in segment IV (one pair), in
segment V (two pairs), and in segment VI (two pairs);
glands not connected dorsally. Nephridia not ob-
served. Chloragogen cells not observed. Dorsal blood
vessel commencing in segment XVII. Coelomocytes not
observed. Sperm sac extending into half of segment XV,
egg sac extending into segment XVII. Sperm funnels
about six times longer than wide (Fig. 10C). Vasa
deferentia observed in segments XII–XIII, internally
ciliated, coiled, 7 μm wide. Penial apparatus type 1
(sensu Coates, 1984), small, glandular bulb, 40 μm long,
31 μm wide; stylet absent. Midventral copulatory gland
(in segment XIV) not observed. Each spermatheca at-
tached to oesophagus in posterior half of segment V.
Ampulla large, oval, 100 μm long, 44 μm wide. Sperm

Figure 10. Grania carolinensis sp. nov. A, chaetae. B, spermatheca. C, penial bulb and sperm funnel. See text for
abbreviations.
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rings maximally 11 μm wide, but few. Ectal duct slender,
53 μm long, 14 μm wide at midcourse, narrowing at
distal end Figure 10B). No gland at spermathecal pore.

Remarks
Grania carolinensis sp. nov. is similar to the north-
east Atlantic, Grania postclitellochaeta (Knöllner, 1935),
Grania ovitheca Erséus, 1977, and the cryptic conge-
ner to G. ovitheca, Grania occulta De Wit & Erséus,
2010, a species constellation also supported by the
genetic data (see ‘Phylogenetic analyses’ below). All of
these four species have the same distribution of ventral
chaetae (beginning in segment XIII), and they lack
lateral chaetae and the midventral copulatory gland
in segment XIV. Grania carolinensis sp. nov., G. ovitheca,
and G. occulta also share the shape of the spermatheca,
which has a short and slender ectal duct and a large
oval ampulla. In G. ovitheca and G. occulta, however,
the sperm funnels are longer (between eight and 15
times longer than wide, as opposed to six times longer
than wide in G. carolinensis sp. nov.) and they lack the
ventral lobes of the pharyngeal glands in segment IV
that are present in G. carolinensis sp. nov. and also in
G. postclitellochaeta. Grania postclitellochaeta differs
from G. carolinensis sp. nov. by possessing a racket-
shaped diverticulum in the spermathecal ampulla, which
is absent in G. carolinensis sp. nov. In addition,
G. carolinensis sp. nov. differs from all the species men-
tioned above by its penial apparatus, with a simple
invagination surrounded by a small and glandular bulb.
In G. postclitellochaeta the penial bulbs are covered by
a large supplementary glandular body, whereas in
G. ovitheca the bulbs instead have lateral aglandular
sacs directed posteriorly (Rota & Erséus, 2003). The
aglandular sacs were not mentioned in the original de-
scription of G. occulta (see De Wit & Erséus, 2010),
but the authors noted that the single available speci-
men possessed oval structures next to the epidermal
invaginations. No accessory glands or sacs could be ob-
served near the male pores of G. carolinensis sp. nov.

The deep-sea Atlantic Grania atlantica Coates &
Erséus, 1985 also resembles G. carolinensis sp. nov. by
the proportions of the sperm funnel and the morphol-
ogy of the penial apparatus, but the former differs from
the latter by its spermathecal ampulla, which has a
large sacciform diverticulum. Moreover, G. atlantica pos-
sesses lateral chaetae, a head organ, as well as a
midventral copulatory gland in segment XIV, all of which
are absent in the new species.

GRANIA CF. LEVIS COATES & ERSÉUS, 1985
PROBABLY GRANIA LEVIS COATES & ERSÉUS, 1985:

111–112, FIG. 6
Material examined
USNM 1283176, CE11570, whole-mounted, sexually im-
mature specimen, with some segments amputated, from

off North Carolina, USA, 33°10′23″N, 76°45′23″W. Con-
tinental shelf slope, 492 m in depth, sand. Collected
by C. Erséus, 20 May 2011. COI barcode KT428114; for
other genes, see Table 1.

Remarks
This barcoded, but immature specimen, and thus un-
suitable for complete morphological description, was
included in the phylogenetic analysis, to enlarge the
taxonomic sampling from the north-western Atlantic
region. Phylogenetically, this specimen came out as
closely related to G. carolinensis sp. nov. (Fig. 15), but
it is morphologically distinct by its complete lack of
chaetae. The latter trait suggests that this specimen
could belong to Grania levis Coates & Erséus, 1985,
originally described from somewhat further north, from
Georges Bank, south-east of Massachusetts, USA.

GENETIC ANALYSES

COI clustering
The Bayesian inference of the COI sequences divide
the 38 individuals into ten well-supported clades
(Fig. 11), four of which are found in South Africa, two
in Chile, one in Brazil, and three in the North Atlan-
tic. Within-clade variation is generally low, but in one
clade, i.e. all specimens referred to the new taxon
G. chilensis sp. nov., there is a notable subclustering
pattern, dividing this clade into four subclades.
A haplotype network (Fig. 12) indicates that
G. chilensis sp. nov. is structured geographically, with
two subclades found in the southernmost site (Valdivia),
one subclade in the northernmost site (Coquimbo),
and an intermediate subclade in the intermediately
located site (Concepcion). Pairwise genetic distances
indicate that in general there is a strong barcoding
gap present between lineages within this group. In the
G. chilensis sp. nov. clade, however, there is higher than
average within-species divergence, although not nearly
as great as the lowest between-species differences
(Fig. 13).

ITS clustering
The Bayesian inference analysis of 23 ITS sequences
supports all ten clusters found in the mitochondrial
data (Fig. 14); however, although there is also vari-
ation within the G. chilensis sp. nov. cluster in the ITS
region, the geographic substructuring is not seen here.
Instead, the variation seems to be randomly distrib-
uted with respect to geography.

Phylogenetic placement of new species
The updated phylogeny is completely congruent with
that described in De Wit et al. (2011b), containing three
main clades (A, B, C in Fig. 15). All of the South African
species form one strongly supported clade within clade A,
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together with all the North Atlantic species. By con-
trast, the Chilean and the Brazilian species are placed
in clade B, together with Grania curta De Wit & Erséus,
2007 and G. americana. Grania unitheca sp. nov. from
shallow water in North Carolina (North Atlantic) is

placed together with the other North American species
G. monospermatheca (its sister taxon) and G. laxartus;
however, G. carolinensis sp. nov. and the closely related
immature specimen of Grania cf. levis, both found in
deep water off the North Carolinian coast, are placed

Figure 11. Majority-rule consensus gene tree of cytochrome c oxidase subunit I (COI) locus from all species described in
this study. Posterior probabilities calculated from Bayesian Markov chain Monte Carlo (MCMC) inference are noted above
the branches. Note the four clades within Grania chilensis sp. nov.
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as the sister clade of G. postclitellochaeta and the cryptic
G. occulta, whereas G. ovitheca, which is morphologi-
cally identical to G. occulta, is strongly supported as
the sister to this four-taxon group (Fig. 15).

DISCUSSION

Based on molecular and morphological data, species
of Grania from Brazil, South Africa, and Chile are de-
scribed for the first time and, together with the two
new species described for north-western Atlantic, the
number of nominal species belonging to this genus is
increased from 72 to 81. The phylogeny of the group
was updated by the addition of these representatives
from poorly known areas in the southern hemi-
sphere, plus the species from the North Atlantic Ocean.
This study clearly shows that within Grania common-
ly used morphological characters are unsuitable for
phylogenetic reconstruction, supporting the previous

conclusion (De Wit et al., 2011b) that homoplasy is abun-
dant within the genus.

The finding of a new cryptic species in South African
waters again illustrates the importance of an integra-
tive taxonomic approach to the delimitation of closely
related clitellates; for other similar cases see Gustafsson,
Price & Erséus (2009), De Wit & Erséus (2010), and
Martinsson et al. (2013). As G. cryptica sp. nov. and
G. bekkouchei sp. nov. are sympatric and hard to
distinguish without genetic analyses, they probably
would otherwise be identified as the same species,
leading to an underestimation of the diversity of
the group. Interestingly, G. cryptica sp. nov. and
G. bekkouchei sp. nov. do differ in their chaetal shape
(L- versus hook-shaped), which constitutes the only ob-
served distinguishing difference between these two
species (Fig. 4A, B, C, D, E, F). Chaetal shape has pre-
viously been indicated as one of the few morphologi-
cal characters showing some degree of congruence with

Figure 12. Haplotype network of individuals of Grania chilensis sp. nov. Note the long distance (35 steps) between
the two groups found in Valdivia.
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molecular data (De Wit et al., 2011b), and could thus
be an interesting avenue for future research.

The high differences of 19.5% in COI between
G. cryptica sp. nov. and G. bekkouchei sp. nov. strong-
ly support that these taxa represent two separately
evolving lineages. A similar situation was found in Scan-
dinavian species of Grania, where a molecular analy-
sis suggested that no gene flow occurs between the
cryptic G. ovitheca and G. occulta populations (De Wit
& Erséus, 2010). In these two cases, the genetic dif-
ferences suggest that the process of speciation is com-
plete, despite their morphological similarities. Most of
the species concepts (i.e. biological, ecological, evolu-
tionary, and phylogenetic) share the common point that
species are separately evolving metapopulation lin-
eages (De Queiroz, 2007). According to De Queiroz, the
species will acquire different properties over the spe-
ciation process, for instance, reciprocal monophyly,
phenetic differences, and reproductive incompatibil-
ity, although not necessarily in the same order or on
the same time scale. Thus, for a complete speciation
event, the criteria mentioned above should be ful-
filled (De Queiroz, 2007; Nygren, 2014). Although not
tested, in this study we assume that G. cryptica sp. nov.
and G. bekkouchei sp. nov. are not reproductively com-
patible, because of the great difference in both

mitochondrial and nuclear markers between these two
species. In a study that combined genetic data with
reproductive crosses, Ophryotrocha japonica Paxton &
Åkesson, 2010 and Ophryotrocha notoglandulata
Pfannenstiel, 1972, two sympatric species of Polychaeta,
only a 5% difference in COI was shown to be associ-
ated with full reproductive isolation (Wiklund et al.,
2009; Nygren, 2014).

Unfortunately, only one specimen each of G.
brasiliensis sp. nov., G. cryptica sp. nov., G. unitheca
sp. nov., G. carolinensis sp. nov., and G. cf. levis was avail-
able for genetic analysis, and thus it is not possible to
draw any conclusions regarding intraspecific variation
in these taxa. Even so, it is clear that the morpho-
logical features (and differences) observed suggest that
these individuals represent different taxa, of which at
least four are new to science. Moreover, the combined
DNA analysis (Fig. 15) shows that all these four speci-
mens are genetically distinct from at least all other
species of Grania genetically analysed to date.

On the other hand, G. chilensis sp. nov. is struc-
tured in four different maternal lineages (as shown by
COI; Fig. 12): two at Valdivia and one each at Coquimbo
and Concepción. At a first glance, the G. chilensis sp. nov.
populations match an isolation-by-distance (IBD) pattern
(Wright, 1943; Malécot, 1948), indicating a decrease

Figure 13. Distance histogram of pairwise uncorrected p distances between all individuals analysed genetically in this
study. Within-species distances range from 0 to 8% (0–3% if not counting Grania chilensis sp. nov.); between-species
distances range from 16 to 25%.
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in gene flow with increasing distance, and migration
probabilities depend only on distances between birth-
places of offspring and their parents (Ishida, 2009). A
likely cause for this population structure is the limited
mobility of these organisms, which is associated with
their infaunal/interstitial lifestyle and the lack of dis-
persal phases in their life cycle (Costa et al., 2013). In-
terestingly, however, two genetically distinct populations
of G. chilensis sp. nov. are observed in sympatry at the
southernmost site, Valdivia. There are several poten-
tial explanations for this pattern: it could result from
an ancient separation with secondary contact, ecologi-
cal niche separation with respect to local environmen-
tal variables that were not assessed herein, or two

separate colonization events from a more northern site.
In any case, the four population clusters are not sup-
ported by the more slow-evolving, recombining nuclear
ITS locus, suggesting that the separation is fairly recent
or alternatively that there is a limited rate of gene
flow at present.

The updated phylogenetic tree (Fig. 15) main-
tained the three main clades (A, B, and C) found already
by De Wit et al. (2011b), although some differences
are seen in clades A and B. All the South African species
come out as a strongly supported monophyletic
group, which (with low support: posterior probability,
PP 0.81) clusters together with the north-west
Atlantic G. monospermatheca, G. laxartus, and

Figure 14. Majority-rule consensus gene tree of the ITS region (ITS1-5.8S rDNA-ITS2) from all species described in
this study. Posterior probabilities calculated from Bayesian Markov chain Monte Carlo (MCMC) inference are noted above
the branches. Note that the four Grania chilensis sp. nov. clades seen in the COI locus are absent here.
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G. carolinensis sp. nov. Consequently, the former western
and eastern Atlantic subclades within clade A (see De
Wit et al., 2011b) now appear as one unique pan-
Atlantic clade. In this clade, G. monospermatheca and
G. unitheca sp. nov. are sister taxa. The morphology and
the geographic distribution (north-west Atlantic) of these
two species are strongly concordant with phylogeny.
The main diagnostic character (the unpaired
spermatheca) is found only in these species, support-
ing that they share a common ancestor.

The inclusion of the seven additional species
in the phylogeny (G. hinojosai sp. nov. and
G. chilensis sp. nov. have already been included as G. sp.
Chile 1 and G. sp. Chile 2, respectively, in the analy-

sis described in De Wit et al., 2011b) raises another
interesting aspect. The two Chilean species as well
as the Western Atlantic G. brasiliensis sp. nov. and
G. americana are placed within clade B, which largely
is an Indo-West-Pacific clade. As suggested by De Wit
et al. (2011b), the ancestor of G. americana probably
migrated from the eastern Pacific to North Atlantic
through Central America before the closing of the
Isthmus of Panama (3 Mya). The addition of the new
Brazilian species to the phylogenetic analysis sug-
gests that this ancestor is shared by G. americana
and G. brasiliensis sp. nov. The origin of the ancestor
of the two Chilean species remains unclear (De Wit
et al., 2011b).

Figure 15. Multi-locus phylogeny of all available genetic data in Grania to date, using three mitochondrial and three
nuclear loci. New species from this study are marked in bold. Majority-rule consensus tree from Bayesian Markov chain
Monte Carlo (MCMC) inference; clade posterior probabilities are given next to the nodes.
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SUPPORTING INFORMATION

Additional supporting information may be found in the online version of this article:

Figure S1. Mitochondrial DNA phylogeny of all available genetic data in Grania to date, using three loci (12S
rDNA, 16S rDNA, and COI).
Figure S2. Nuclear ribosomal DNA phylogeny of all available genetic data in Grania to date, using three loci
[18S rDNA, 28S rDNA (D1 region), and the ITS region (ITS1-5.8S rDNA-ITS2)].
Table S1. Distance matrix of uncorrected p distances between all individuals analysed genetically in this study.
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Supplementary Table 1. Distance matrix of uncorrected ‘p’ distances 
between all individuals analyzed genetically in this study. 

CE21036 PDW194 PDW193 CE21037 CE21038 CE21039 CE21040
PDW190 PDW191 PDW185 PDW189 PDW198 PDW199 PDW200 PDW197
PDW202 PDW177 PDW182 PDW186 PDW181 PDW187 CE21024 CE14060
CE14111 CE14058 CE14110 CE14093 CE14015 CE14016 CE13975 CE13996
CE14059 CE14031 CE20734 CE20818 CE11569 CE11570 CE11659
CE21036 -

PDW194 0 -

PDW193 0.00304 0.00304 -

CE21037 0.00304 0.00304 0.00304 -

CE21038 0.00304 0.00304 0.00304 0.00608 -

CE21039 0.00456 0.00456 0.00456 0.0076 0.00456 -

CE21040 0.00456 0.00456 0.00456 0.0076 0.00456 0 -

PDW190 0.00608 0.00608 0.00608 0.00912 0.00608 0.00456
0.00456 -

PDW191 0.05319 0.05319 0.05319 0.05319 0.05319 0.05471 0.05471
0.05623 -

PDW185 0.06687 0.06687 0.06687 0.06687 0.06687 0.06687 0.06687



0.06687 0.05927 -

PDW189 0.06687 0.06687 0.06687 0.06687 0.06687 0.06687 0.06687
0.06687 0.05927 0.00912 -

PDW198 0.05623 0.05623 0.05927 0.05927 0.05927 0.05623 0.05623
0.05927 0.05015 0.04255 0.04103 -

PDW199 0.05623 0.05623 0.05927 0.05927 0.05927 0.05623 0.05623
0.05927 0.05015 0.04255 0.04103 0 -

PDW200 0.05775 0.05775 0.06079 0.06079 0.06079 0.05775 0.05775
0.06079 0.05167 0.04103 0.03951 0.00152 0.00152 -

PDW197 0.05623 0.05623 0.05927 0.05927 0.05927 0.05623 0.05623
0.05927 0.05015 0.04255 0.04103 0.00152 0.00152 0.00304 -

PDW202 0.05623 0.05623 0.05927 0.05927 0.05927 0.05623 0.05623
0.05927 0.05015 0.04255 0.04103 0.00304 0.00304 0.00456
0.00456 -

PDW177 0.18997 0.18997 0.18997 0.18997 0.18997 0.19149 0.19149
0.19301 0.19605 0.18693 0.18389 0.18237 0.18237 0.18237 0.18237
0.18237 -

PDW182 0.18997 0.18997 0.18997 0.18997 0.18997 0.19149 0.19149
0.19301 0.19605 0.18693 0.18389 0.18237 0.18237 0.18237 0.18237
0.18237 0 -

PDW186 0.19149 0.19149 0.19149 0.19149 0.19149 0.19301 0.19301
0.19453 0.19757 0.18845 0.18541 0.18389 0.18389 0.18389 0.18389
0.18389 0.00456 0.00456 -

PDW181 0.18997 0.18997 0.18997 0.18997 0.18997 0.19149 0.19149
0.19301 0.19757 0.18237 0.18085 0.18389 0.18389 0.18389 0.18389
0.18389 0.00456 0.00456 0.00912 -



PDW187 0.18997 0.18997 0.18997 0.18997 0.18997 0.19149 0.19149
0.19301 0.19605 0.18085 0.17933 0.18237 0.18237 0.18237 0.18237
0.18237 0.0076 0.0076 0.01216 0.00304 -

CE21024 0.19048 0.19048 0.19048 0.19048 0.19048 0.19201 0.19201
0.19352 0.19658 0.1874 0.18435 0.18287 0.18287 0.18286 0.18287
0.18287 0.0061 0.0061 0.01067 0.01067 0.01372 -

CE14060 0.20974 0.20974 0.20974 0.20968 0.20974 0.20976 0.20976
0.21113 0.20518 0.20034 0.19716 0.20391 0.20391 0.20551 0.20387
0.20387 0.17804 0.17804 0.17648 0.17969 0.17967 0.18355 -

CE14111 0.20669 0.20669 0.20669 0.20669 0.20669 0.20669 0.20669
0.20669 0.20213 0.19453 0.19149 0.20365 0.20365 0.20517 0.20365
0.20365 0.18237 0.18237 0.18085 0.18389 0.18389 0.18749
0 -

CE14058 0.20669 0.20669 0.20669 0.20669 0.20669 0.20669 0.20669
0.20669 0.20213 0.19453 0.19149 0.20365 0.20365 0.20517 0.20365
0.20365 0.18237 0.18237 0.18085 0.18389 0.18389 0.18749 0
0 -

CE14110 0.20821 0.20821 0.20821 0.20821 0.20821 0.20821 0.20821
0.20821 0.20365 0.19605 0.19301 0.20517 0.20517 0.20669 0.20517
0.20517 0.18389 0.18389 0.18237 0.18541 0.18541 0.18902 0.00161
0.00152 0.00152 -

CE14093 0.20309 0.20309 0.20309 0.20304 0.20309 0.2031 0.2031
0.20309 0.20134 0.19179 0.18858 0.20159 0.20159 0.20319 0.20155
0.20154 0.18242 0.18242 0.17901 0.18403 0.18399 0.18531 0
0 0 0.00165 -

CE14015 0.20213 0.20213 0.20213 0.20365 0.20061 0.20517 0.20517
0.20365 0.18997 0.20213 0.20061 0.19149 0.19149 0.19149 0.19149
0.18845 0.18085 0.18085 0.17933 0.18541 0.18389 0.18142 0.17344
0.17629 0.17629 0.17477 0.17384 -

CE14016 0.20365 0.20365 0.20365 0.20517 0.20213 0.20669 0.20669
0.20517 0.19149 0.20365 0.20213 0.19301 0.19301 0.19301 0.19301
0.18997 0.18237 0.18237 0.18085 0.18693 0.18541 0.18295 0.17503
0.17781 0.17781 0.17629 0.17383 0.00304 -

CE13975 0.18997 0.18997 0.18997 0.19149 0.18845 0.18997 0.18997
0.18845 0.19149 0.19149 0.19453 0.19757 0.19757 0.19909 0.19605
0.19757 0.17173 0.17173 0.17325 0.17021 0.16717 0.17534 0.19888
0.19909 0.19909 0.20061 0.20005 0.17629 0.17933 -

CE13996 0.18997 0.18997 0.18997 0.19149 0.18845 0.18997 0.18997
0.18845 0.19149 0.19149 0.19453 0.19757 0.19757 0.19909 0.19605
0.19757 0.17173 0.17173 0.17325 0.17021 0.16717 0.17534 0.19888
0.19909 0.19909 0.20061 0.20005 0.17629 0.17933 0 -



CE14059 0.19453 0.19453 0.19453 0.19605 0.19301 0.19453 0.19453
0.18997 0.19453 0.19757 0.20061 0.18541 0.18541 0.18693 0.18389
0.18845 0.17173 0.17173 0.17325 0.17021 0.16717 0.17381 0.20376
0.20213 0.20213 0.20365 0.20262 0.17933 0.17933 0.03647
0.03647 -
CE14031 0.21581 0.21581 0.21733 0.21429 0.21581 0.21733 0.21733
0.21581 0.21581 0.21277 0.21429 0.20669 0.20669 0.20669 0.20517
0.20669 0.20365 0.20365 0.20669 0.20517 0.20365 0.20736 0.19243
0.19301 0.19301 0.19453 0.20196 0.18237 0.18237 0.18237 0.18237
0.18541 -
CE20734 0.22036 0.22036 0.21884 0.22036 0.21884 0.21884 0.21884
0.21581 0.21733 0.20365 0.20061 0.20061 0.20061 0.20061 0.19909
0.20213 0.20061 0.20061 0.20213 0.20061 0.20061 0.2012 0.19439
0.19757 0.19757 0.19909 0.19196 0.19453 0.19605 0.19605 0.19605
0.19149 0.21884 -
CE20818 0.22492 0.22492 0.2234 0.22492 0.2234 0.2234 0.2234
0.22036 0.21733 0.19757 0.19757 0.20061 0.20061 0.20061 0.19909
0.20213 0.19149 0.19149 0.19301 0.19149 0.19149 0.19206 0.19443
0.19605 0.19605 0.19757 0.19033 0.19453 0.19605 0.19149 0.19149
0.18389 0.21884 0.01368 -
CE11569 0.21733 0.21733 0.21429 0.21733 0.21733 0.21581 0.21581
0.21733 0.21429 0.21581 0.21581 0.21733 0.21733 0.21733 0.21733
0.21733 0.20365 0.20365 0.20669 0.20213 0.20061 0.2073 0.2071
0.20821 0.20821 0.20821 0.20974 0.19757 0.19757 0.18845 0.18845
0.18693 0.21733 0.20669 0.20365 -
CE11570 0.23556 0.23556 0.2386 0.23556 0.2386 0.24012 0.24012
0.24164 0.2386 0.231 0.231 0.23252 0.23252 0.23252 0.23252
0.23404 0.21429 0.21429 0.20973 0.21125 0.20973 0.21641 0.22488
0.22036 0.22036 0.21884 0.21317 0.19909 0.20061 0.20821 0.20821
0.20973 0.22492 0.23404 0.23252 0.18389 -
CE11659 0.18389 0.18389 0.18389 0.18085 0.18389 0.18541 0.18541
0.18389 0.17781 0.17781 0.17325 0.17477 0.17477 0.17325 0.17325
0.17629 0.20973 0.20973 0.21125 0.21277 0.21125 0.21037 0.22104
0.21581 0.21581 0.21733 0.21157 0.21125 0.21125 0.22036 0.22036
0.21733 0.24012 0.20973 0.20821 0.22796 0.21581 -
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Abstract 
 

A checklist of all currently accepted species of Grania (Clitellata, 

Enchytraeidae) is presented. Remarks on their geographical distribution, 

habitat, synonymies and museum catalogue numbers are also provided. The 

genus is widespread over the world and comprises eighty species described 

to date. 

 

Introduction 
 

Grania Southern, 1913 is a morphologically homogeneous genus of marine 

Enchytraeidae with a world-wide distribution. The worms are typically  small, 

only a few mm long, with a filiform, nematode-like body, and a characteristic 

pattern of few, stout chaetae. Most species live interstitially in intertidal or 

subtidal sands, a few taxa in the deep sea. 

The genus was originally established for specimens of Grania maricola 

Southern, 1913, sampled from the west coast of Ireland. Later on, Pierantoni 

(1915) regarded Grania maricola and Michaelsena macrochaeta (Pierantoni, 

1901) as synonyms. In the opposite direction, Stephenson, (1930) considered 

them as separate species within Michaelsena Ude, 1896. Nielsen & 

Christensen (1959) pointed out, however, that Stephenson’s concept of 

Michaelsena was artificial, and they transferred both species to the genus 

Enchytraeus Henle, 1837. 
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Interestingly, two authors independently rehabilitated the genus Grania in 

1966. Kennedy (1966) redescribed G. maricola and Grania macrochaeta and 

described Grania americana Kennedy, 1966 from off the coast of Florida, 

whilst Lasserre (1966) transferred Michaelsena postclitellochaeta (Knöllner, 

1935) to Grania. One year later, considering the similarities among G. 

maricola, G. macrochaeta and G. americana, Lassserre (1967) proposed to 

divide G. macrochaeta into four subspecies, G. m. macrochaeta, G. m. 

americana, G. m. maricola and G. m. roscoffensis Lasserre, 1967. This 

situation remained so for about 10 years, after which a high number  of 

additional species of Grania have been described from different parts of the 

world (Erséus and Lasserre 1976; Erséus, 1977; Jamieson 1977 Erséus, 

1980; Coates & Erséus, 1985; Coates, 1990; Erséus, 1990; Rota & Erséus, 

1996; Rota & Erséus, 1997; Locke & Coates, 1998, 1999; De Wit & Erséus, 

2007; Rota et al., 2007; De Wit et al., 2009; Prantoni et al., 2016), bringing a 

better understanding of species-specific characters and raising the 

subspecies back to species status (Coates, 1984; De Wit, 2010). 

The genus is morphologically and genetically well separated from other 

enchytraeid genera (Erséus et al., 2010; De Wit et al., 2011; Prantoni et al., in 

press). Its monophyly was corroborated by a DNA-based phylogeny by De Wit 

et al (2011). These authors also found that the phylogeny is strongly 

concordant with geographical distribution and suggested a limited dispersal 

capability within Grania. More recently, Prantoni et al. (in press) updated the 

genus phylogeny together with the descriptions and genetic data of nine new 

species, including for the first time species from Africa and east coast of 

South America (Brazil). 

To provide a taxonomical overview of Grania over the world, the present 

checklist summarizes historical and recently published data, including all valid 

species described to date. 

 

Material and Methods 

 

The checklist is arranged in chronological order and based on a bibliographic 

survey. All Grania records from published papers, and monographs were 
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reviewed. When available, additional information on habitat, geographical 

distribution, and museum catalogue numbers were included. 

 
Results and discussion 
 
We recorded 80 currently accepted species of Grania, of which 49 from the 

southern and 31 from the northern hemisphere. Almost half of the southern 

species (24) occur in Australia. On the other hand, 15 of the 32 species 

described from the northern hemisphere to date are European.  The only 

species found in both hemispheres (Atlantic Ocean) is the deep-sea Grania 

atlantica. 

Despite the many species described from the Australian continent and other 

southern regions of the globe (e.g. New Caledonia and Antarctica), the 

African and South American continents were completely ignored until recently. 

The situation has changed with seven new species described from Brazil (1 

species), Chile (2 species) and South Africa (4 species) (Prantoni et al., in 

press).  Even so, the number of Grania species described to date certainly 

does not represent the actual diversity of the group. The lack of specialists 

around the world is one of the probable causes for this. As a partial solution, 

the combined efforts of taxonomists and ecologists may come as a first and  

necessary step towards a better understanding of the group as well as marine 

clitellate species diversity as a whole. 

  

List of species 

 

Grania monochaeta (Michaelsen, 1888)  
 

Enchytraeus monochaetus Michaelsen, 1888: 66-68, figs. 6A-C, part; 

Beddard, 1895: 339; Michaelsen, 1900: 91. 

Non Michaelsena monochaeta; Michaelsen, 1921: 3;  Stephenson, 1932: 

263, fig. 14. 

Marionina monochaeta; Nielsen & Christensen, 1959: 109. 

Hemigrania monochaeta; Lasserre, 1971: 454. 
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Non Grania monochaeta; Erséus and Lasserre, 1977: 299-300, figs. 1A-D.  

Grania monochaeta; Erséus & Lasserre, 1976: 200-300, figs. 1 A-D; Rota & 

Erséus, 1997: 29-34, fig. 2, table 1. 

Type material:  Lectotype, MZUT 123.1, Museo ed Instituto de Zoologia del’ 

Universitá de Torino, Turin. Paralectotypes, MZUT Olig. Coll. 123.2-123.4. 

Other material: SMNH 362, Swedish Museum of Natural History, Stockholm. 

Type locality: South Georgia, Southwest Atlantic. 

Habitat: Intertidal, and subtidal to 20 m, shelly detritus, among the  roots of 

seaweeds and in the canal system of sponges.  

Distribution: Only known from type locality. 

 

Grania macrochaeta (Pierantoni, 1901) 
 
Enchytraeus macrochaetus Pierantoni, 1901: 201-202; Nielsen & 

Christensen, 1959: 89-91, table 9. 

Michaelsena macrochaeta; Pierantoni, 1903: 409-444, figs. 1-28; Pierantoni, 

1915: 48-50; Stephenson, 1930: 776-777.   

Grania macrochaeta macrochaeta; Lasserre, 1967: 280. 

Grania macrochaeta; Kennedy, 1966: 403-404; Lasserre, 1966: 312-314; 

Erséus, 1974: 90-93, table 1; Rota, 1995: table 2. 

Type material:  Not designated.  

Other material: MNHM AH 61-63. Muséum National d'Histoire Naturelle, 

Paris. This refers to three specimens of G. macrochaeta collected in June, 

1967 by J. Renaud-Mornant and examined by Erséus & Lasserre (1976). 

Type locality: Bay of Naples, Italy.  

Habitat: Subtidal, 4-13 m, coarse sand.  

Distribution: Only known from type locality. 

 

Grania paucispina (Eisen, 1904) 
 

Michaelsena paucispina Eisen, 1904: 74, fig. 43; Michaelsen, 1907: 130.  

Marionina paucispina; Nielsen & Christensen, 1959: 109; Lasserre, 1971: 

454.  
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Grania paucispina; Erséus & Lasserre, 1976, p. 127; Coates  & Erséus, 1980: 

1037-1038, fig. 1; Coates & Ellis, 1981: 2134. 

Type material:Typus amissus. According to Coates and Erséus (1980), the 

type material deposited in the California Academy of Science in San 

Francisco was destroyed during the earthquake and fire in 1906.  

Other material:USNM 58906-58907, National Museum of Natural History, 

Washington, D.C. 

Type locality: Santa Barbara, California, USA. 

Habitat: 2-6 m in muddy sand with much organic material, brackish water. 

Distribution: California, USA and British Columbia.  

 

Grania principissae (Michaelsen, 1907) 
 

Michaelsena principissae Michaelsen, 1907: 129-131, plate 1, figs. 1-2. 

Hemigrania principissae; Lasserre, 1971: 454. 

Grania principissae; Erséus & Lasserre, 1976: 128; Coates, 1990: 28-30, figs 

2, 8. 

Type material: Not designated.  

Other material: WAM 69-89, Western Australian Museum, Perth. ROMIZ 

11277, Invertebrate Zoology, Royal Ontario Museum,  Toronto. 

Type locality: Princess Royal Harbour, Albany area, Western Australia. 

Habitat: Intertidal, sand with organic debris accumulated in mussel  bed.  

Distribution: Only known from type locality.    

 

Grania maricola Southern, 1913 
 

Michaelsena macrochaeta; Pierantoni, 1915: 48-50. 

Michaelsena maricola; Stephenson, 1930: 776-777. 

Enchytraeus maricolus; Nielsen & Christensen, 1959: 89-91, table 9. 

Grania macrochaeta maricola; Lasserre, 1967: 280. 

Grania maricola Southern, 1913: 14 figs 1-7; Kennedy, 1966: 400-402, fig. 2; 

Lasserre, 1966: 312-314; Erséus, 1974: 90-93; Erséus, 1976: 35, table 3; 

Coates, 1984: 40, fig. 7A table 1; Rodriguez, 1986: 82-83, fig. 2; Rota, 1995: 
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table 2; Locke & Coates, 1998: 1107-1112, figs. 6-12, table 1; De Wit, 2006: 

25.   

Type material: NMINH 1909.151, NMINH 1913.415 and NMINH 1914.313,  
National Museum of Ireland (Department of Natural History),  Dublin.  

Type locality: Dingle Bay, Co Kerry, Ireland. 

Habitat: Subtidal, 8-80 m, coarse shell sand and shell gravel. 

Distribution: Ireland, Iberian Peninsula, Italy, Norway and Sweden. 

 

Grania postclitellochaeta (Knöllner, 1935) 
 

Michaelsena postclitellochaeta Knöllner, 1935: 449-455, figs. 19-25, table 1; 

Hagen, 1954: 12-13. 

Marionina postclitellochaeta; Nielsen & Christensen, 1959: 109-110, table 11. 

Grania postclitellochaeta postclitellochaeta; Lasserre, 1966,  pp. 299-300, 

312-314, tables 1-2; Erséus, 1976: 35, table 3; Erséus & Lasserre, 1976: 124, 

Table 1. 

Hemigrania postclitellochaeta; Lasserre, 1971, 454-456, fig.  3C. 

Grania postclitellochaeta; Kossmagk-Stephan 1983: 598; Rota & Erséus, 

2003: 232-234, figs. 10C-D. 

Type material: Not designated.  

Other material: MNHM AH 66-68, from France, Muséum National d'Histoire 

Naturelle, Paris, (see Erséus & Lasserre, 1976). SMNH 45646–45651 from 

France, SMNH 45652–45654, from North sea, off Belgium, SMNH 45655– 

45660, from Iceland, SMNH 45661–45665 (see Rota & Erséus, 2003), SMNH 

107730,107736, 107738-107745, 108220, from Sweden, SMNH 107746-

107749, from Norway (see De Wit & Erséus, 2010), Swedish Museum of 

Natural History, Stockholm. MCZR Oligochaeta 0116-0117 from France, 

MCZR Oligochaeta 0118 from North sea, off Belgium, MCZR Oligochaeta 

0119-0120 from Iceland (see Rota & Erséus, 2003), Museo Civico di Zoologia 

di Roma, Rome.  

Type locality: Kiel Bay, Germany.  
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Habitat: Intertidal, and Subtidal, 20-100 m in coarse shell sand, shell gravel, 

sometimes in brackish water (Baltic Sea), tolerating a wide range of salinity 

(11-35 ppt).  

Distribution: Baltic Sea, Iceland (see Rota & Erséus, 2003), North Sea 

(Germany and Belgium), France, Norway and Sweden. 

 

Grania americana Kennedy, 1966 
 
Grania americana Kennedy, 1966: 404-405, fig. 3. Erséus, 1974: 90-93, table 

1; Healy & Coates, 1999: 111,114, table 1; Locke & Coates, 1999: 598-623, 

figs. 16-20; Locke & Coates, 2000: 619-620, 625-626, figs. 4A, 5. 

Grania macrochaeta americana; Lasserre, 1967: 78-280.  

“Grania americana, nomen dubium”; Erséus & Lasserre, 1976: p. 123.  

Type material: USNM 33005, 33039, United States National Museum of 

Natural History, Washington, D.C.  

Other material: USNM 185957- 85960, United States National Museum of 

Natural History, Washington, D.C. 

Type locality: 0.5 km from North Entrance Point, West side of North Bimini, 

Bahamas. 

Habitat: Intertidal, and subtidal to 10 m, fine to coarse sand. 

Distribution: Belize, Bermuda, Bahamas, Florida.  

  
Grania roscoffensis Lasserre, 1967 
 

Grania macrochaeta roscoffensis Lasserre, 1967: 277-280. 

Grania roscoffensis; Erséus, 1974: 90-93, table 1; Erséus, 1976: 125, fig. 6; 

Coates, 1984: 49; Rota & Erséus, 2003:  218-221, fig. 4. 

Non Grania roscoffensis; Erséus 1977: 294, table 1 (see Grania vikinga Rota 

& Erséus, 2003). 

Type material: MNHM AH 64 and AH 65, Muséum National d'Histoire 

Naturelle, Paris. 

Type locality: Harbour of Roscoff, France. 

Habitat: Intertidal, coarse sand. 
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Distribution: France and Sweden. 

 

Grania pusilla Erséus, 1974  

 

Grania pusilla Erséus, 1974: 87-94, figs. 1-6, table 1; Erséus, 1976: 34, table 

3; Locke & Coates, 1998: 1107-1112, figs. 6-12; De Wit et al., 2011: 513, figs. 

1-5, table 1. 

Grania macrochaeta pusilla; Erséus & Lasserre, 1976: 122,  fig 2; Erséus, 

1977: 294, table 1; Coates, 1984: 49; Kossmagk-Stephan, 1985: 77–78.  

Type material: ZMUB 55050-55051, Zoological Museum of University of 

Bergen, Bergen.  

Other material: SMNH 107775-107796, Swedish Museum of Natural History, 

Stockholm.  

Type locality: Vågegrunnen, Hjeltefjorden, near Bergen, Norway. 

Habitat: Subtidal, 35-500 m, fine to coarse shelly sand. 

Distribution: West coasts of Norway and Sweden, Morocco. 

 

Grania bermudensis Erséus & Lasserre, 1976 
 

Grania macrochaeta bermudensis Erséus & Lasserre, 1976:  122-124, fig. 3 

table 1; Lasserre & Erséus, 1976: 453; Coates, 1984, p. 49, fig. 8A. 

Grania bermudensis; Locke & Coates, 1999: 609-614, figs. 6, 12-15, table 1; 

Locke & Coates, 1999: 609-614, figs. 6,12-15,  table 1; Locke & Coates, 

2000: 619-621, 626, fig. 6C. 

Type material: USNM 53202-53203, United States National Museum of 

Natural History, Washington, D.C. 

Type locality: Castle Island, Bermuda. 

Habitat: Subtidal, 8-15 m, medium to coarse coral sand and gravel. 

Distribution: Only known from Bermuda. 

 

Grania longiducta Erséus & Lasserre, 1976 
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Grania postclitellochaeta longiducta Erséus & Lasserre, 1976: 127, fig 7; 

Erséus, 1977: 296-297; Coates, 1984: 49. 

Grania longiducta; Coates & Erséus, 1985: 113-114, fig. 8; Diaz et al., 1987: 

table 1, 3; Locke & Coates, 2000: 619, 625.  

Type material: USNM 43482, 53201, United States National Museum of 

Natural History, Washington, D.C. 

Type locality: Cape Cod Bay, Massachusetts, USA. 

Habitat: Subtidal, 42-78 m, medium to coarse sand. 

Distribution: Cape Cod Bay, Massachusetts, Georges Bank (SE of 

Massachusetts), off the coast of New Jersey, Delaware and Maryland. 

 

Grania monospermatheca Erséus & Lasserre, 1976  

 

Grania monospermatheca Erséus & Lasserre, 1976: 127, fig. 9, table 1; 

Coates, 1984: 49, fig. 8B; Coates & Erséus, 1985: 114-115, fig. 9; Diaz et al., 

1987: tables 1-3; Locke & Coates, 2000: 619, 626-628. 

Type material: USNM 53204-53205, United States National  Museum of 

Natural History, Washington, D.C. 

Type locality: Cape Cod Bay, Massachusetts, USA. 

Habitat: Subtidal, 3-48 m, fine to coarse well sorted sands and sand mixed 

with shell or shell gravel. 

Distribution: Along North American Atlantic coast, from Cape Cod Bay, 

Massachusetts to Biscayne Bay,  Miami, Florida. 

 

Grania variochaeta Erséus & Lasserre, 1976  

 

Grania variochaeta Erséus, 1976: 35, table 3; Erséus & Lasserre, 1976: 125-

126, figs. 10-11, table 1; Erséus, 1977: 297-298, table 1; Coates, 1984: 46, 

fig. 6; Rota & Erséus, 2003: 211, 234-235, fig. 11. 

Type material: SMNH 3132-3136, Swedish Museum of Natural History, 

Stockholm. 

Type locality: East of Yttre, Vattenholmen, Kosterfjorden, Bohuslãn, 

Bohuslän, west coast of Sweden. 
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Habitat: Subtidal, 20-140 m, heterogeneous sand. 

Distribution: West coast of Norway and Sweden. 

 

Grania ovitheca Erséus, 1977  

 

Grania ovitheca Erséus, 1977: 125, figs. 5-7; Bonomi & Erséus, 1984: 209, 

table1; Rota, 1995: table 2; Rota & Erséus, 2003: 230-233, figs. 10A, B.  

Type material: SMNH 3071-3073, Swedish Museum of Natural History, 

Stockholm. 

Type locality: Kosterfjorden, north of Kostergrund, Bohuslän, west coast of 

Sweden. 

Habitat: Subtidal, 15-30 m, shell sand with gravel and pebbles or coarse sand 

with stones, pebbles and shells. 

Distribution: West coasts of Norway and Sweden. 

 

Grania trichaeta Jamieson, 1977 
 
Grania macrochaeta trichaeta Jamieson, 1977: 345–347, fig. 5, plate 1G; 

Coates 1984: 46, fig. 5A.  

Grania trichaeta; De Wit et al., 2009: 28-30, figs. 8-10E. 

Type material: QM 8863-8866, Queensland Museum, Brisbane. BNMH 

1976.1.21-23, Natural History Museum, London. BJ 1975.7.74-75, BJ 

1975.7.84 BJ 1975.7.76-78, Jamieson collection.  

Other material: SMNH 105540-105559, SMNH 105560-105584, Swedish 

Museum of Natural History, Stockholm (De Wit et al., 2009). 

Type locality: Wistari Reef, southern part of Great Barrier Reef, Australia. 

Habitat: Intertidal, and subtidal to 7 m, fine to medium heterogeneous sand. 

Distribution: Lizard Island, Heron Island and Wistari Reef, Great  Barrier 

Reef, Australia. 

 
Grania pacifica Shurova, 1979 
 
Grania pacifica Shurova, 1979: 84-86, fig. 6. 
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Type material: Cat. nº 16018, ?Russian Museum. 

Type locality: Sea of Okhotsk, Kuril Islands, Far East of Russia. 

Habitat: Subtidal, 15-20 m, gravelly sediment. 

Distribution: Only known from type locality. 

 
Grania incerta Coates & Erséus, 1980  
 
Grania incerta Coates & Erséus, 1980: 1038-1040, fig. 2; Coates & Ellis, 

1981: 2134-2135; Coates, 1984: 46, fig. 4. 

Type material: USNM 58908-58910, United States National  Museum of 

Natural History, Washington, D.C. 

Type locality: Santa Barbara, California, USA. 

Habitat: Subtidal, 3-17 m, well sorted fine sand. 

Distribution: California and British Columbia (Canada). 

 

Grania parvitheca Erséus, 1980  

 

Grania parvitheca Erséus, 1980: 27-28, fig. 1. 

Type material: USNM 58738-58739, United States National  Museum of 

Natural History, Washington, D.C. 

Type locality: Northeast Bay, Ascension Island (South Atlantic Ocean). 

Habitat: Intertidal, among rocks and clumps of Sabellaridae tubes. 

Distribution: Only known from type locality. 

 

Grania atlantica Coates & Erséus, 1985  

 

Grania atlantica Coates & Erséus, 1985; 112-113, fig. 7; Diaz, et al., 1987: 

222-224, tables 1, 3, 4; Locke & Coates, 2000:  619, 626; Rota & Erséus, 

1996: 182; Erséus & Rota, 2003:  898, table 1; Rota & Erséus, 2003: 210-211, 

235-237, fig. 10E. 

Type material: USNM 96503-96508, United States National  Museum of  

Natural History, Washington, D.C. 

Type locality: Continental slope off Massachusetts. 
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Habitat: Continental slope, 744-1796 m, fine ooze to silty deep-sea 

sediments.  

Distribution: Widely distributed in the Atlantic Ocean from 48º35.4’N to 

09º05'S in the east and from 39º51.2’N to 08º58.0'N in the west. 

 

Grania levis Coates & Erséus, 1985  

 

Grania levis Coates & Erséus, 1985: 111-112, fig. 6; Diaz et al., 1987: tables 

1, 4; Locke & Coates, 2000: 626. 

?Grania cf. levis; Prantoni et al., in press. 

Type material: USNM 96509-96511, United States National  Museum of 

Natural History, Washington, D.C. 

Type locality: Georges Bank (SE of Massachusetts), Northwest Atlantci 

Ocean. 

Habitat: Intertidal, and subtidal to 79 m (probably to 492 m, see Prantoni et 

al., in press) medium to coarse sand.  

Distribution: Georges Bank SE of Massachusetts, on the continental  

shelf (and slope?) off New Jersey and North Carolina. 

 

Grania reducta Coates & Erséus, 1985  
 
Grania reducta Coates & Erséus, 1985: 110-111, fig. 5; Diaz  et al., 1987: 

tables 3-4; Locke & Coates, 2000: 626, 628. 

Type material: USNM 96512-96513, United States National  Museum of 

Natural History, Washington, D.C. 

Type locality: Off Maryland, USA.  

Habitat: Intertidal, and subtidal to 65 m, medium to coarse sand.  

Distribution: Continental shelf off New Jersey, Maryland and Delaware.  

 

Grania ascophora Coates, 1990 
 

Grania ascophora Coates, 1990: 23-25, fig. 5. 
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Type material: WAM 69.89, Western Australian Museum, Perth. ROMIZ 

I2880, Invertebrate Zoology, Royal Ontario Museum, Toronto. 

Type locality: Barker Bay, King George Sound, Western Australia. 

Habitat: Subtidal, 4 m, fine sand with shells and seagrass. 

Distribution: Barker Bay, and Princess Royal Harbour, Albany area, Western 

Australia. 

 

Grania bykane Coates, 1990  

 

Grania bykane Coates, 1990: 21–23, figs. 2, 4A–D; Rota et  al., 2007: 1001-

1004, figs. 1A-G, 2A. 

Type material: WAM 55.89-56.89, Western Australian Museum, Perth. 

Type locality: Princess Royal Harbour, Albany area, Western Australia.  
Habitat: Intertidal, and subtidal to at least 6 m, fine to coarse sand and in 

sediments under boulders and in seagrass beds. 

Distribution:  Southern coast of Western Australia (Albany and Esperance 

areas).  

 

Grania crassiducta Coates 1990 
  

Grania crassiducta Coates, 1990: 20–21, figs. 2, 3A–D; Coates and Stacey, 

1993: 404–406, figs. 9A–F; Rota et al., 2007: 1004-1006, figs. 2B, 3A–F. 

Type material: WAM 51.89-53.89, Western Australian Museum, Perth. 

ROMIZ I1279, Invertebrate Zoology, Royal Ontario Museum, Toronto. 

Type locality: South Point, Princess Royal Harbour, Albany area, Western 

Australia. 

Habitat: Intertidal, muddy coarse sand, gravel, and mixed sand  with 

pebbles and coral.  
Distribution: Southern (Albany and Esperance) and western (Rottnest  

Island) coasts of Western Australia.  

 
Grania ersei Coates, 1990  
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Grania ersei Coates, 1990: 17–20, figs. 1A–D, 2; Coates & Stacey 1993: 406–

408, figs. 10A–F; Rota et al., 2007: 1008-1011, figs. 4D–G, 5A.  

Type material: WAM 61.89-68.89, Western Australian Museum, Perth. 

ROMIZ I1273-I1276, Invertebrate Zoology, Royal Ontario Museum, Toronto. 

Type locality: Brable Point, Princess Royal Harbour, Albany area, Western 

Australia. 

Habitat: Intertidal, and subtidal to 26 m, sand among boulders and  pebbles, 

and with algal debris.  
Distribution: South (Albany, Esperance) and west (Rottnest Island) coasts of 

Western Australia. 

 

Grania hastula Coates, 1990 
 

Grania hastula Coates, 1990: 26-28, fig. 7. 

Type material: USNM 120714, United States National Museum of Natural 

History, Washington, D.C. 

Type locality: Middleton Beach, Albany, Western Australia.  

Habitat: Intertidal, sand among rocks in algal wash. 

Distribution: Only known from type locality. 

 

Grania hyperoadenia Coates, 1990 
  

Grania hyperoadenia Coates, 1990: 25–26, fig. 6; De Wit et  al., 2009: 30-31, 

fig. 9. 

Type material: WAM 54.85, Western Australian Museum, Perth.   

Type locality: Barker Bay, King George Sound, Western Australia.  
Habitat: Subtidal, 1.5-4 m in sand. 

Distribution: Albany area, Western Australia and Lizard Island, Great Barrier 

Reef, Queensland. 

 
Grania hongkongensis Erséus, 1990 
 

Grania hongkongensis Erséus, 1990: 311-12, fig. 22. 
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Type material: BMNH 1987.3.39-40, Natural History Museum, London.  

SMNH 3717, Swedish Museum of Natural History, Stockholm. 

Type locality: Crooked Island, Mirs Bay, Hong Kong (New Territories), China. 

Habitat: Intertidal, and subtidal to 15 m, shelly sand. 

Distribution: Only known from type locality. 

 
Grania inermis Erséus, 1990 
 

Grania inermis Erséus, 1990: 314-315, fig. 24. 

Type material: BMNH 1987.3.42-43, Natural History Museum, London. 

SMNH 3719, Swedish Museum of Natural History, Stockholm. 

Type locality: Kung Chao (off Tap Mun), Mirs Bay, Hong Kong (New 

Territories), China. 

Habitat: 7-14 m in shelly sand. 

Distribution: Only known from type locality. 

 
Grania stilifera Erséus, 1990 
 

Grania stilifera Erséus, 1990: 312-314, fig. 23. 
Type material: BMNH 1987.3.41, Natural History Museum, London. SMNH  

3718, Swedish Museum of Natural History, Stockholm. 
Type locality: Round Island, Mirs Bay, Hong Kong (New Territories), China.  
Habitat: Subtidal, 5-8 m, shelly sand. 
Distribution: Only known from type locality. 

 
Grania alliata Coates & Stacey, 1993 
 

Grania alliata Coates & Stacey, 1993: 397-399, figs. 3-4. 

Type material: WAM 192-92, Western Australian Museum, Perth. 

Type locality: North side of west end of Rottnest Island, Western Australia. 

Habitat: Intertidal, gravelly sand. 

Distribution: Only known from type locality. 
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Grania conjuncta Coates & Stacey, 1993 
 

Grania conjuncta Coates & Stacey, 1993: 402-404, figs. 7-8. 

Type material: WAM 193-92, Western Australian Museum, Perth. 

Type locality: Fishhook Bay, Rottnest Island, Western Australia. 

Habitat: Subtidal, 2 m, medium to coarse sand. 

Distribution: Only known from type locality. 

 
Grania longistyla Coates & Stacey, 1993  

 

Grania longistyla Coates & Stacey, 1993: 394-397, figs. 1-2. 

Type material: WAM 194-92-195-92, Western Australian Museum, Perth. 

Type locality: North side of west end of Rottnest Island, Western Australia. 

Habitat: Intertidal, gravelly sand. 

Distribution: Only known from type locality. 

 
Grania vacivasa Coates & Stacey, 1993 
  

Grania vacivasa Coates & Stacey, 1993: 400-402, figs. 5-6;  Rota et al., 

2007: 1018-1020, figs. 8C, 9A-E. 

Type material: WAM 196-92-197-92, Western Australian Museum, Perth. 

Type locality: Salmon Bay, Rottnest Island, Western Australia. 

Habitat: Subtidal, 1 m in coarse sand. 

Distribution: South (Esperance) and west (Rottnest Island) coasts of 

Western Australia. 

 
Grania acanthochaeta Rota & Erséus, 1996 
 

Grania acanthochaeta Rota & Erséus, 1996: 174-175, fig. 4,  table 1. 

Type material: USNM 172142, USNM 172193.  

Other material:USNM 172194-172397, United States National Museum of 

Natural History, Washington, D.C. 
Type locality: McMurdo Sound, south of Hut Point, Ross Island, Antarctica.   
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Habitat: Subtidal, 38 m, greyish brown gravelly mud with sponge spicules and  

Limatula valves.  
Distribution: Only known from type locality. 

 
Grania algida Rota & Erséus, 1996 
 

Grania algida Rota & Erséus, 1996: 179-181, fig. 8, table 1. 

Type material: USNM 172398, United States National Museum of  Natural  

History, Washington, D.C.  Oligochaeta 0065, Museo Civico  di Zoologia di 

Roma, Rome.  

Type locality: McMurdo Sound, off beach in front of Scott’s Hut, northern  

shore of Cape Evans, Ross Island, Antarctica.  
Habitat: Subtidal, 14-40 m, volcanic gravel and cobble.  
Distribution: Only known from type locality. 

 
Grania angustinasus Rota & Erséus, 1996 
 

Grania angustinasus Rota & Erséus, 1996: 177-178, figs. 3B, 6, table 1. 

Type material: MCZR Oligochaeta 0059-0063, Museo Civico di Zoologia  di 

Roma, Rome. SMNH 4759-4761, Swedish Museum of Natural History, 

Stockholm.  

Type locality: Terra Nova Bay, between Faraglione and Cape Russell, Ross 

Island, Antarctica.  
Habitat: Subtidal, 35-126 m, fine sand.  

Distribution: Only known from type locality. 

 
Grania antarctica Rota & Erséus, 1996 
 

Grania antarctica Rota & Erséus, 1996: 178-179, figs. 3C, 7, table 1.  

Type material: USNM 172400-172402, United States National Museum of 

Natural History, Washington, D.C. MCZR Oligochaeta 0059, Museo Civico di 

Zoologia di Roma, Rome. 
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Type locality: McMurdo Sound, off beach in front of Scott’s Hut, northern 

shore of Cape Evans, Ross Island, Antarctica. 

Habitat: Subtidal, 14-31 m, volcanic gravel and cobble. 

Distribution: Only known from type locality. 

 
Grania carchinii Rota & Erséus, 1996 
 

Grania carchinii Rota & Erséus, 1996: 175-177, fig. 5, table 1. 
Type material: MCZR Oligochaeta 0057-0058, Museo Civico di Zoologia  di 

Roma, Rome. 
Type locality: Terra Nova Bay, between Faraglione and Cape Russell, Ross 

Island, Antarctica. 
Habitat: Subtidal, 35 m, fine sand with mica shales, shell debris and some 
pebbles.  
Distribution: Only known from type locality. 

 
Grania hirsuticauda Rota & Erséus, 1996 
 

Grania hirsuticauda Rota & Erséus, 1996: 175-177, fig. 5, table 1. 

Type material: USNM 172136-172138, United States National Museum of 

Natural History, Washington, D.C. 

Type locality: McMurdo Sound, near tip of Cape Armitage, Ross Island, 

Antarctica. 
Habitat: Subtidal, 5-585 m, volcanic gravel, sandy mud, small rocks, 

ectoproct and sponge debris.  

Distribution: Only known from type locality. 

 
Grania darwinensis (Coates & Stacey, 1997) 
 

Randidrilus darwinensis Coates and Stacey, 1997: 70-72, fig. 1. 

Grania darwinensis; Rota et al., 2003: 504-509, fig. 3. 
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Type material: NTM Wo 0084-0087, Museum and Art Gallery of the Northern 

Territory, Darwin. ROMIZ I2457-I2458, Invertebrate Zoology, Royal Ontario 

Museum, Toronto. 

Type locality: Darwin Harbour, Northern Territory, Australia. 

Habitat: Intertidal, and subtidal to 16 m, medium to coarse sand, clay or silty 

sediments.  
Distribution: Northern Territory and Western Australia. 

 
Grania eurystil Coates & Stacey, 1997 
 

Grania eurystil Coates & Stacey, 1997: 73-74, fig. 2. 

Type material: NTM Wo 0081-0083, Museum and Art Gallery of the Northern 

Territory, Darwin. ROMIZ I2479, Invertebrate Zoology, Royal Ontario 

Museum, Toronto. 

Type locality: Darwin Harbour, Northern Territory, Australia. 

Habitat: Intertidal rock pool. 

Distribution: Only known at two locations in the inner part of Darwin Harbour. 

 
Grania integra Coates & Stacey, 1997 
  

Grania integra Coates & Stacey, 1997: 74–76, fig. 3; Rota et  al., 2003: 499-

501, fig. 1. 

Type material: NTM Wo 0079-0080, Museum and Art Gallery of the Northern 

Territory, Darwin. 

Type locality: Darwin Harbour, Northern Territory, Australia.  

Habitat: Intertidal crevice with sand gravel, pebbles and heterogeneous 

sediments. 

Distribution:  Darwin Harbour, Northern Territory and Nickol Bay, Dampier 

area, Western Australia.  

 
Grania lasserrei Rota & Erséus, 1997 
  
Enchytraeus monochaetus; Michaelsen, 1888: 66, figs. 6a-c; part., plate 2.   
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Grania lasserrei Rota & Erséus, 1997: 34-37, fig. 3, table1. 

Michaelsena monochaeta; Michaelsen, 1921: 3. 

Grania monochaeta; Erséus and Lasserre 1977: 299-300, figs. 1A-D.   

Type material: SMNH 4803-4806, Swedish Museum of Natural History, 

Stockholm. MZUT 1078, Museo ed Intituto de Zoologia del’ Universitá de 

Torino, Turin. BMNH 1996:916, Natural History Museum, London. 

Type locality: East Cumberland Bay, South Georgia (S Atlantic Ocean). 
Habitat: Intertidal, and subtidal to 20 m. 

Distribution: Cumberland and Royal Bays, South Georgia. 

 
Grania stephensoniana Rota & Erséus, 1997  

 

Grania stephensoniana Rota & Erséus, 1997: 37-39, figs. 4-5, table1.  

Michaelsena monochaeta; Stephenson, 1932: 263, fig. 14. 

Type material: BMNH 1931.6.23.78, BMNH 1933.2.23.946-1933.2.23.948, 

Natural History Museum, London. 

Type locality: South Georgia, South Atlantic Ocean 

Habitat: 160 m in rocky bottom 

Distribution: Only known from type locality. 

 
Grania mira Locke & Coates, 1998 
 

Grania mira Locke & Coates, 1998: 1103-1107, figs. 1-5. 

Grania sp.; Healy, 1996a: 53, 56-57, fig.1, tables 1, 2; Healy, 1996b: 1287.  

Type material: NMI 4.1998, NMI 5.1998 and NMI 6.1998, National Museum 

of Ireland (Department of Natural History), Dublin. 
Type locality: Carnsore Point, County Wexford, Ireland.  
Habitat: Intertidal, sediments trapped in dense turf of Corallina officinalis on 

horizontal or gently sloping rock.  
Distribution: Only known from type locality. 

 
Grania hylae Locke & Coates, 1999  
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Grania hylae Locke & Coates, 1999: 605-609, figs. 6-7, 11, table 1; Locke & 

Coates, 2000: 619-621, 626, fig. 4B. 

Type material: USNM 185954-185956, National Museum of Natural History, 

Washington, D.C. BAMZ 199 180 007, Bermuda Aquarium, Museum and Zoo. 
Type locality: Paget Island, Bermuda. 

Habitat: Intertidal, and subtidal to 17 m, medium to coarse sand with rocks. 

Distribution: Rocky Hill Park, Castle Island and Paget Island, Bermuda, and 

Fowey Rocks, Miami, Florida. 

 

Grania laxartus Locke & Locke & Coates, 1999 
 

Grania laxartus Locke & Locke & Coates, 1999: 602-605, figs. 2-6, 11, table 

1; Locke & Coates, 2000: 619-621, 626-627, figs. 4C, 6A. 

Type material: USNM 185951-185953, National Museum of Natural History, 

Washington, D.C. BAMZ 199 180 006, Bermuda Aquarium, Museum and Zoo. 

Type locality: Ferry Point Bridge, Bermuda. 

Habitat: Intertidal pools with accumulation of sand and fine to mediumcoarse 

calcareous sand. 

Distribution: Ferry Point Bridge, Whalebone Bay, Pearl Island, Ferry Reach 

and Smith’s Sound, Bermuda, and Carrie Bow Cay, Belize. 

 
Grania dolichura Rota & Erséus, 2000 
  

Grania dolichura Rota & Erséus, 2000: 249-252, fig. 3; Rota  et al., 2007: 

1006-1008, figs. 4A-C. 

Type material: QVM 14: 3889-14: 3889, Queen Victoria Museum, 

Launceston, Tasmania. SMNH 5203-5206, Swedish Museum of Natural 

History, Stockholm. MCZR Oligochaeta 0085-0088, Museo Civico di Zoologia 

di Roma, Rome. 

Type locality: Little Musselroe Bay, Tasmania, Australia. 
Habitat: Intertidal, silt-clay sediments. 

Distribution: Widespread around Tasmania. 
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Grania tasmaniae Rota & Erséus, 2000 
 

Grania tasmaniae Rota & Erséus, 2000: 247-249, fig. 2. 

Type material: QVM 14: 3887-14: 3888, Queen Victoria Museum, 

Launceston, Tasmania. 
Type locality: Tamar Estuary, Tasmania, Australia. 

Habitat: Intertidal, silt-clay sediments. 

Distribution: Only known from type locality. 

 
Grania aquitana Rota & Erséus, 2003 
 

Grania aquitana Rota & Erséus, 2003: 226-229, fig. 7, table 1. 

Type material: SMNH 5729-5733, Swedish Museum  of Natural History, 

Stockholm. 

Type locality: Bassin d’Arcachon, Atlantic coast of France.  
Habitat: Subtidal, 2-5 m, fine sand 

Distribution: Only known from the type locality. 

 
Grania canaria Rota & Erséus, 2003 
 

Grania canaria Rota & Erséus, 2003: 213-215, fig. 1, table 1. 

Type material: ZMA V.OL 9344, Zoological Museum of Amsterdam, The 

Netherlands, Amsterdam. SMNH 5710–5711, Swedish Museum of Natural 

History, Stockholm.  

Type locality: Punta del Hidalgo, Tenerife, Canary Islands.  
Habitat: Intertidal, sand and gravel. 

Distribution: Only known from type locality. 

 
Grania fortunata Rota & Erséus, 2003 
 

Grania fortunata Rota & Erséus, 2003: 215-218, fig. 2, table 1. 
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Type material: SMNH 5712-5713, Swedish Museum of Natural History, 

Stockholm. MCZR Oligochaeta 0103-0104, Museo Civico di Zoologia di 

Roma.   

Type locality: Ensenada de los Abades, Tenerife, Canary Islands. 
Habitat: Subtidal, 12-17 m, fine and muddy sands associated with beds of the 

seagrass Cymodocea nodosa.  
Distribution: Only known from type locality. 

 
Grania mauretanica Rota & Erséus, 2003 
 

Grania mauretanica Rota & Erséus, 2003: 224-226, fig. 6, table 1. 

Type material: SMNH 5718-5720, Swedish Museum of Natural History, 

Stockholm. MCZR Oligochaeta 0107, Museo Civico di Zoologia di Roma, 

Rome.   

Type locality: Off Casablanca, on the Moroccan coast. 
Habitat: Subtidal, 173 m, mud with shell debris.  
Distribution: Only known from type locality. 

 
Grania papillinasus Rota & Erséus, 2003 
 

Grania papillinasus Rota & Erséus, 2003: 239-240, fig. 13. 

Type material: SMNH 5726-5728, Swedish Museum of Natural History, 

Stockholm. MCZR Oligochaeta 0124-0126, Museo Civico di Zoologia di 

Roma, Rome. 

Type locality: Northeast Atlantic, Gulf of Gascogne, continental slope off 

France.  
Habitat: Deep sea, 2630-2885 m, most likely very fine sediment.  

Distribution: Gulf of Gascogne, off France and off the eastern USA (i.e., both 

sides of the North Atlantic) (Erséus & Rota, 2003).  

 
Grania torosa Rota & Erséus, 2003 
 

Grania torosa Rota & Erséus, 2003: 237-239, fig. 12. 
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Type material: SMNH 5721-5725, Swedish Museum of Natural History, 

Stockholm. MCZR Oligochaeta 0123, Museo Civico di Zoologia di Roma, 

Rome. 

Type locality: Rockall Trough, off the coast of Scotland.  
Habitat: Continental slope, 1170-1800 m, fine sandy and hemi-pelagic ooze.  
Distribution: Northern Rockall Trough, off the coast of Scotland, to near the 

entrance to the English Channel (NE Atlantic Ocean).  

 
Grania vikinga Rota & Erséus, 2003 
 

Grania vikinga Rota & Erséus, 2003: 222-224, fig. 5. 

Non Grania roscoffensis Lasserre, 1967. 

Grania roscoffensis, part; Erséus1977: 294, table1. 

Type material: SMNH 5714-5717, Swedish Museum of Natural History, 

Stockholm. MCZR Oligochaeta 0105-0106, Museo Civico di Zoologia di 

Roma, Rome.  
Type locality: Skagerrak, Bohuslän, southeast of Bredholmen, in archipelago 

at entrance of Gullmar Fjord, west coast of Sweden.  

Habitat: Subtidal, 10-18 m, sand. 

Distribution: West coast of Sweden. 

 
Grania ocarina Rota, Erséus & Wang, 2003 
 

Grania ocarina Rota, Erséus & Wang, 2003: 502-504, fig. 2. 

Type material: WAM V 4351-4352, Western Australian Museum, Perth. 

SMNH 5868, Swedish Museum of Natural History, Stockholm. MCZR 

Oligochaeta 0128, Museo Civico di Zoologia di Roma, Rome. 
Type locality: Withnell Bay, Dampier Area, Burrup Peninsula, Western 

Australia. 
Habitat: Barely subtidal, 0.5 m, medium to coarse sand. 

Distribution: Only known from type locality. 

 
Grania cinctura De Wit & Erséus, 2007 
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Grania cinctura De Wit & Erséus, 2007: 33-36, fig. 3, table 1. 

Type material: SMNH 6559-6568, 6572, Swedish Museum of Natural  

History, Stockholm. 

Type locality: Baie de Chateaubriand, Lifou, Loyality Islands, New 

Caledonia. 
Habitat: Intertidal, and subtidal to 6 m, fine to coarse sand. 

Distribution: Touho and Nouméa areas, and Loyalty Islands, New Caledonia.  

 
Grania curta De Wit & Erséus, 2007 
 

Grania curta De Wit & Erséus, 2007: 38-40, fig. 5, table 1. 

Type material: SMNH 6583-6588,Swedish Museum of Natural History, 

Stockholm. 

Type locality: Ejengen (off village of St. James), Lifou, Loyalty Islands, New 

Caledonia. 
Habitat: Barely subtidal, 0.5 m, heterogeneous sand. 

Distribution: Only known from type locality. 

 
Grania fiscellata De Wit & Erséus, 2007 

 
Grania fiscellata De Wit & Erséus, 2007: 45-47, fig. 9, table 1. 

Type material: SMNH 6610-6613, 6617, Swedish Museum of Natural 

History, Stockholm. 

Type locality: Touho area (between Tiéti and Poindimié), New Caledonia.  
Habitat: Intertidal, and subtidal to 3 m, heterogeneous sand. 

Distribution: Touho area, and Lifou (Loyalty Islands), New Caledonia. 

 
Grania fustata De Wit & Erséus, 2007 
 

Grania fustata De Wit & Erséus, 2007: 40-42, fig. 6, table 1. 

Type material: SMNH 6589-6598, Swedish Museum of Natural History, 

Stockholm. 
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Type locality: Touho area (south end of Grand Récif Mengalia, east of Ilot 

Ain), New Caledonia. 

Habitat: Intertidal, and barely subtidal, coarse sand and gravel. 

Distribution: Only known from type locality.  

 
Grania galbina De Wit & Erséus, 2007 
 

Grania galbina De Wit & Erséus, 2007: 36-38, fig. 4, table 1. 

Type material: SMNH 6573-6582, Swedish Museum of Natural History, 

Stockholm. 

Type locality: Baie de Chateaubriand, Lifou, New Caledonia.   
Habitat: Intertidal, and subtidal to 13 m, heterogeneous sand. 

Distribution: Nouméa area and Lifou (Loyalty Islands), New Caledonia. 

 
Grania novacaledonia De Wit & Erséus, 2007 
 

Grania novacaledonia De Wit & Erséus, 2007: 31-33, fig. 2,  table 1. 

Type material: SMNH 6549-6558, Swedish Museum of Natural History, 

Stockholm. 

Type locality: East of Baie de Touho (north side of middle of large intertidal 

bank north of Kombounou), Touho area, New Caledonia. 

Habitat: Intertidal, and subtidal to 21 m, heterogeneous sand. 

Distribution: Touho and Nouméa areas, New Caledonia.  

 
Grania papillata De Wit & Erséus, 2007 
 

Grania papillata De Wit & Erséus, 2007: 42-45, figs. 7-8, table 1. 

Type material: SMNH 6599-6606, 6608-6609, Swedish Museum of Natural 

History, Stockholm. 

Type locality: South of Baie du Santal (between Jua Wekutr and Jua Wajez)  
Lifou, New Caledonia. 

Habitat: Intertidal, and subtidal to 22 m, heterogeneous sand. 

Distribution: Touho area and Lifou (Loyalty Islands), New Caledonia. 
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Grania quaerens Rota, Wang & Erséus, 2007 
 

Grania quaerens Rota, Wang & Erséus, 2007: 1011-1013, figs. 5B-D, 6A-I. 

Type material: WAM V 7315-7319, Western Australian Museum, Perth. 

SMNH 6803-6808, Swedish Museum of Natural History, Stockholm. MCZR 

Oligochaeta 0146-0149, Museo Civico di Zoologia di Roma, Rome. 
Type locality: North of New Island, Cape Le Grand, Western Australia.  
Habitat:  Intertidal, medium to coarse sand. 

Distribution: South coast of Western Australia.  

 
Grania sperantia Rota, Wang & Erséus, 2007 
 

Grania sperantia Rota, Wang & Erséus, 2007: 1014-1017, figs. 7A-H, 8A, B. 

Type material: WAM V 7320-7326, Western Australian Museum, Perth. 

SMNH 6809-6817, Swedish Museum of Natural History, Stockholm. MCZR 

Oligochaeta 0150-0155, Museo Civico  di Zoologia di Roma, Rome. 

Type locality: Southeast of Cowerie Bay at Cheyne Point, Western Australia.  
Habitat: Barely subtidal, 0.5-2 m, medium to coarse sand. 

Distribution: Esperance area, South coast of Western Australia. 

 
Grania breviductus De Wit, Rota & Erséus, 2009 
 

Grania breviductus De Wit, Rota & Erséus, 2009: 19-21, figs. 2, 10A. 

Type material: AMS W.35536- 35542, Australian Museum, Sydney. SMNH 

7761-7766, Swedish Museum of Natural History, Stockholm. 
Type locality: Heron Island, Great Barrier Reef, Queensland, Australia. 
Habitat: Intertidal in coarse sand. 

Distribution: Only known from type locality. 

 
Grania regina De Wit, Rota & Erséus, 2009 
 

Grania regina De Wit, Rota & Erséus, 2009: 21-23, figs. 3-4,  10B. 
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Type material: AMS W.35543, Australian Museum, Sydney. 

Type locality: Heron Island, Great Barrier Reef, Queensland, Australia. 

Habitat: Subtidal, 15 m, fine sand. 

Distribution: Only known from type locality. 

 
Grania homochaeta De Wit, Rota & Erséus, 2009 
 

Grania homochaeta De Wit, Rota & Erséus, 2009: 23-25, figs. 5, 10C. 

Type material: AMS W.35544, Australian Museum, Sydney. SMNH 7767, 

Swedish Museum of Natural History, Stockholm. 

Type locality: Heron Island, Great Barrier Reef, Queensland, Australia. 

Habitat: Subtidal, 18 m, gravelly fine sand. 
Distribution: Only known from type locality. 

 
Grania colorata De Wit, Rota & Erséus, 2009 
 

Grania colorata De Wit, Rota & Erséus, 2009: 25-27, figs. 6-7, 10D. 

Type material: AMS W.35545-35553, Australian Museum, Sydney. SMNH 

7768-7772, Swedish Museum of Natural History, Stockholm. 

Type locality: Heron Island, Great Barrier Reef, Queensland, Australia. 

Habitat: Subtidal, 7 m in heterogeneous sand. 

Distribution: Only known from type locality. 

 
Grania brasiliensis Prantoni, De Wit & Erséus, 2016 
 

Grania brasiliensis Prantoni, De Wit & Erséus, 2015: fig. 1. 

Type material: ZUEC CLI 04-07, Museu de Zoologia da Universidade 

Estadual de Campinas, Campinas, Brazil.  

Type locality: Paranaguá Bay, Southern coast of Brazil. 

Habitat: Intertidal, and subtidal to 7 m, medium to coarse sand with some 

mud, and lots of shell and cirriped fragments.  
Distribution: Coast of Paraná and São Paulo States, Brazil. 
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Grania bekkouchei Prantoni, De Wit & Erséus, 2016 
 

Grania bekkouchei Prantoni, De Wit & Erséus, 2015: fig. 2. 

Type material: SAMC A82466, Iziko South African Museum, Cape Town. 

Type locality: Saldanha Bay, West Coast district, Province of the Western 

Cape, South Africa.  
Habitat: Intertidal, coarse sand in rock crevice.  
Distribution: Only known from type locality. 

 
Grania cryptica Prantoni, De Wit & Erséus 2016 
 

Grania cryptica Prantoni, De Wit & Erséus, 2015: fig. 3. 

Type material: SAMC A82473, Iziko South African Museum, Cape Town. 

Type locality: Glencairn Heights, False Bay, City of Cape Town, Province of 

the Western Cape, South Africa. 

Habitat: Lower intertidal, rock pool.  
Distribution: Only known from type locality. 

 

Grania capensis Prantoni, De Wit & Erséus, 2016 
 

Grania capensis Prantoni, De Wit & Erséus, 2015: fig. 5. 

Type material: SAMC A82474- A82475, Iziko South African Museum, Cape 

Town. 

Type locality: Glencairn Heights, False Bay, City of Cape Town, Province of 

the Western Cape, South Africa. 

Habitat: Lower intertidal, rock pool. 
Distribution: Only known from type locality. 

 

Grania simonae Prantoni, De Wit & Erséus, 2016 
 

Grania simonae Prantoni, De Wit & Erséus, 2015: fig. 6. 

Type material: SAMC A82476-A82482, Iziko South African Museum, Cape 

Town. 
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Type locality: Van Dyks Bay, Overberg District, Overstrand Local 

Municipality, Province of the Western Cape, South Africa.  
Habitat: Intertidal, crevice between rocks.  
Distribution: Only known from type locality. 

 

Grania hinojosai Prantoni, De Wit & Erséus, 2016 
 

Grania hinojosai Prantoni, De Wit & Erséus, 2015: fig. 7.  

Grania sp. Chile 1; De Wit et al., 2011: 513. 

Type material: ZUEC CLI 08-CLI 12, Museu de Zoologia da Universidade 

Estadual de Campinas, Campinas, Brazil.. 

Type locality: Puerto Aldea, Coquimbo, Elqui, Chile. 
Habitat: Intertidal, sand among rocks.  
Distribution: Puerto Aldea to Pampilla Point, Coquimbo, Elqui, Chile. 

 

Grania chilensis Prantoni, De Wit & Erséus, 2016 
 
Grania chilensis Prantoni, De Wit & Erséus, 2015: fig. 8. 

Grania sp. Chile 2; De Wit et al., 2011: 513, 517. 

Type material: ZUEC CLI 13-CLI 19, Museu de Zoologia da Universidade  

Estadual de Campinas, Campinas, Brazil. 

Type locality: Punta Loncoyen, Valdivia, Chile. 
Habitat: Intertidal, sand among rocks and heterogeneous sand with organic 

material.  
Distribution: Punta Loncoyen, Valdivia, Puerto Aldea, Coquimbo, Caleta 

Tumbes, Concepción, Chile.  

 
Grania unitheca Prantoni, De Wit & Erséus, 2016 
 
Grania unitheca Prantoni, De Wit & Erséus, 2015: fig. 9. 

Type material: USNM 1283175, National Museum of Natural History, 

Washington, D.C. 

Type locality: NE of Morehead City, off North Carolina, USA.  
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Habitat: Subtidal, 17 m, sand. 
Distribution: Only known from type locality. 

 

Grania carolinensis Prantoni, De Wit & Erséus, 2016 
 

Grania carolinensis Prantoni, De Wit & Erséus, 2015: fig. 10. 

Type material: USNM 1283174, National Museum of Natural History, 

Washington, D.C. 

Type locality: Off North Carolina, USA.  
Habitat: Continental shelf slope, 492 m, sand. 
Distribution: Only known from type locality. 
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Abstract 
 
The marine oligochaetes are poorly investigated in the South Atlantic, 
especially in the east coast of South America. These animals are generally 
very similar to each other, or even indistinguishable. The lack of specialists 
and modern identification guides has been pointed out as the main reason for 
the scarcity of studies in this geographical region. To increase the knowledge 
of this group in South Atlantic, the monophyly of 80 specimens from Brazil 
and Antarctica was statistically tested by combining the Bayesian Inference 
(BI), Maximum Likelihood (ML), the Automatic Barcode Gap Discovery 
(ABGD) and the generalized mixed Yule coalescent (GMYC) approaches. A 
total of 80 COI sequences, with about 658 bp representing 32 distinct 
potential species were obtained. The ABGD established a barcoding gap 
between 3% and 14% uncorrected p distances. GYMC was concordant with 
ABGD, and only two cases of discrepancy were detected. Then, with both 
methods the clusters obtained are separates by more than 10% of genetic 
divergence threshold in COI sequences. All these species could be 
associated with previously known species or genera. This study confirms the 
usefulness of the COI barcoding approach combined with an intraspecific 
genetic divergence threshold at about 10% and was able to recognize all 
potential species analyzed. 
 
 
Keywords: Marine oligochaetes; species delimitation; Southern Atlantic; 
DNA-barcode 
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Introduction  
 
The Clitellata Michaelsen, 1919 is a large monophyletic taxon, primarily 

distinguished from other annelids by the presence of a glandular, ring- or 

saddle-shaped structure developed around a specific part of the body called 

the clitellum. This structure is a part of the reproductive system, and it 

secretes a cocoon, into which the eggs are laid (Erséus, 2005; Martin et al., 

2007).  

 Traditionally, Clitellata has been classified into Oligochaeta 

(earthworms, sludge worms) and Hirudinea (leeches). However, molecular 

data supports Clitellata as a synonym of Oligochaeta, which includes not only 

Hirudinea, but also Branchiobdellida (epizoans on crayfish) and 

Acanthobdellida (parasitizing fish), i.e., two taxa traditionally classified near 

Oligochaeta (Rousset et al., 2007, 2008; Marotta et al., 2008; Struck et al., 

2011; Weigert et al., 2014; Struck et al., 2015).  In this paper we consider 

oligochaetes in the old sense (i.e., clitellates except Hirudinea, 

Branchiobdellida and Acanthobdellida). 

 Historically, oligochaetes have been divided into two groups related to 

body size and habitat preference. Benham (1890) named these groups 

“Microdrili”, i.e., the smaller worms generally associated with the aquatic 

environment, and “Megadrili”, i.e., the larger forms most of which are found in 

terrestrial habitats (Erséus, 2005). The oligochaete worms have colonized a 

large variety of environments, from coastal regions such as estuaries and 

mangroves (Erséus, 2002a, 2005) to extreme habitats such as hadal trenches 

(Rota and Erséus, 2003; Erséus and Rota 2003) and glaciers (Hartzell et al., 

2005; Erséus et al., 2010). 

 Aquatic oligochaetes are usually small, from 1 mm to a few centimeters 

long, and currently comprise about 1700 valid species, of which about one 

third are marine and/or estuarine (Erséus, 2005; Martin et al., 2007; Prantoni 

et al., 2013). Among the marine taxa, Naididae sensu Erséus et al. (2008) is 

the most speciose and diverse family, with about 450 species (Martin et al., 

2007; Prantoni et al., 2013). Other groups with marine representatives are 

Enchytraeidae and the monogeneric families Capilloventridae Harman and 

Loden, 1984 and Randiellidae Erséus and  Strehlow, 1986.  
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 Most of the knowledge on marine oligochaetes is concentrated in the 

North Atlantic (Beddard, 1889; Pierantoni, 1901, 1903ab; Moore, 1902, 1905; 

Southern, 1913; Knöllner, 1935; Backlund, 1948; Brinkhurst, 1963; Lasserre, 

1967; Cook, 1969; Erséus, 1974, 1975, 1976ab, 1977ab, 1978, 1979abcd, 

1981a, 1982abc; 1983a, 1984, 1988, 1989ab; Healy, 1975, 1979; Erséus and 

Lasserre, 1976; Giere, 1979; Righi and Kanner, 1979; Kossmagk-Stephan, 

1983; Milligan, 1991; Locke and Coates, 1998; Rota and Erséus, 2003; De 

Wit and Erséus, 2010) and some Indo-Pacific regions (Jamieson, 1968,1977; 

Coates, 1990; Erséus, 1981b, 1983b, 1989cd, 1990, 1999; Coates and 

Stacey, 1993, 1997; Rota and Erséus, 2000; Wang and Erséus, 2003; De Wit 

and Erséus, 2007; Rota, et al., 2007; De Wit et al., 2009).  

 With the exception of some Antarctic and sub-Antarctic areas 

(Michaelsen, 1888, Erséus and Lasserre, 1977; Rota and Erséus, 1996, 

1997), scattered sites along the east coast of South America (Du Bois-

Reymond Marcus 1950; Marcus 1965, Righi 1968; Erséus 1980, 1983c; 

Harman and Loden, 1984; Prantoni et al., 2013, Prantoni et al., 2016) and the 

west coast of South Africa (Prantoni et al., 2016), there is scant knowledge 

about the taxonomy and biogeography of oligochaetes from the South  

Atlantic Ocean. 

 Marine oligochaetes have often been neglected in ecological studies. 

They are rarely identified to species, genus or even to family, mainly due to 

taxonomic difficulties, the lack of specialists and modern identification keys 

(Martin et al., 2007; Prantoni et al., 2013). Furthermore, many marine 

oligochaetes are similar to each other, sometimes even indistinguishable 

(cryptic diversity) (De Wit and Erséus, 2010; Matamoros et al., 2012; Prantoni 

et al., 2016).  As a result, the whole group has just been reported as 

“Oligochaeta" in various studies (Negrello-Filho et al., 2006; Martin et al., 

2007; Souza, et. al., 2013; Sandrini-Neto and Lana, 2014; Morais et al., 

2016). In this context, the DNA barcoding approach is a useful and cost-

effective framework to resolve the taxonomic problems and also for 

delineating new species (Hebert et al., 2003; Achurra and Erséus, 2013; 

Martinsson et al., 2015; Prantoni et al., 2016). The delimitation of putative 

species based on DNA barcode data also increases objectivity, accelerate 

and improve taxonomy workflow and, in many cases, can decrease the risk of 



 126 

synonymy by exposing cryptic lineages (De Wit and Erséus, 2010; Kekkonen 

et al., 2014; Prantoni et al., 2016). 

 The cytochrome c oxidase subunit I (COI) is the most common marker 

used for molecular identification of species in various studies. This gene is 

considered useful for a preliminary and exploratory hypothesis of the species 

boundaries and has been proposed as a standard “DNA barcode” for the 

identification of most animal taxa (Herbert et al., 2003; Puillandre et al., 2011 

Taylor and Harris, 2012). The identification is made by the expected gap 

between intraspecific and interspecific diversity, the so-called “barcoding gap”, 

and it is performed by comparing the sequence of an unknown animal with 

previously established sequence libraries in databases (Herbert et al., 2003; 

Puillandre et al., 2011; Taylor and Harris, 2012).  

 Herein we use Bayesian inference and Maximum Likelihood methods 

in order to investigate the genetic diversity and statistically test the monophyly 

of 80 specimens of marine and estuarine oligochaetes from the South Atlantic 

Ocean, using DNA-barcoding. We also provide the first records of the genera 

Ainudrilus, Limnodriloides, Thalassodrilides, Doliodrilus, Macquaridrilus, and 

Stephensoniella from along the eastern coast of South America.  

 

Material and Methods 
 
Taxon sampling and collection of specimens  
 
The specimens from the southeastern coast of South America (Brazil) were 

collected from October 2012 to April 2015 by the first author and Nálita 

Scamparle. South African species were collected by Nicholas Bekkouche in 

December 2011, and Antarctic species were collected by Karla Paresque in 

January 2015 during the XXXIII Brazilian Antarctic Expedition  (see Appendix 

1 for detailed site description). 

 South African sediment samples were collected by hand, stirred with 

seawater, followed by the decantation of suspension into a 0.25-mm mesh. 

The specimens from South America were sampled by taking sediment cores 

with PVC pipes of 10 cm in length and 10 cm in diameter, stored in a plastic 

bucket with seawater, and relaxed with isotonic MgCl2. The supernatant 
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containing numbed animals was washed with clean seawater in a 0.063-mm 

sieve and transferred into a Petri dish. The samples of Antarctic specimens 

were taken from algae by scraping off the rocky intertidal substratum and 

transferred to a plastic bag with seawater for lab work.  

 All worms were sorted alive using a stereomicroscope and, with the 

exception of Grania brasiliensis Prantoni, De Wit and Erséus, 2016, preserved 

in 80% ethanol. Posterior or middle sections of each worm were cut, removed 

and stored in 95% ethanol for subsequent DNA extraction and sequencing. 

Grania brasiliensis was killed and stored in 99% ethanol, and then its 

posterior end was cut for DNA analysis.  

 In this study, the material was used only for molecular purposes, but 

the anterior ends (vouchers) of all specimens were stained in alcoholic 

paracarmine solution and mounted whole in Canada balsam on slides, 

following Erséus (1994), for future morphological analysis and description of 

the possible new species. The Linnean taxonomic allocations of most 

specimens are, therefore, preliminary and based either on BLAST searches in 

public databases (NCBI/GenBank and Barcoding of Life Database/BOLD), or 

on matches with unpublished barcodes in the database accumulated by the 

last author (CE). 

 

Extraction, gene amplification and sequencing  

 

DNA of all 80 specimens was extracted using the DNeasy Blood & Tissue® 

kit (Qiagen), or the NucleoSpin® Tissue kit (Macherey-Nagel), following the 

protocol supplied by the manufacturers. Polymerase chain reactions (PCRs) 

were performed for the mitochondrial cytochrome c oxidase subunit I (COI) 

locus, using the universal ‘barcoding primers’ LCO1490/HCO2198 and 

reaction conditions described in Folmer et al. (1994). The amplicons were 

sequenced at Macrogen Inc. (Seoul, South Korea), bi-directionally to verify 

accuracy, with the consensus sequences being obtained using the software 

Staden (Staden et al., 2003). 

 

Phylogenetic analyses 
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The obtained sequences were aligned in the software Mafft v. 7.2 (Katoh and 

Standley, 2013), with the best fit DNA substitution model and partitioning 

scheme being selected with the software PartitionFinder v. 1.1 (Lanfear et al. 

2012), using the Bayesian Information Criterion (Schwarz, 1978), as a 

simulation study (see Luo et al., 2010) suggests that it can outperform the 

Akaike Information Criterion (Akaike, 1974).  The partitioning scheme selected 

by PartitionFinder was by codon, with the model selected for the Bayesian 

Inference (BI) being the HKY+G for the first position, the GTR+G+I for the 

second position, and GTR+G for the third position, while the maximum 

likelihood (ML) analysis was also partitioned by codon, but with the GTR+G 

model for all partitions. For both methods we rooted the tree with a GenBank 

COI sequence of Capilloventer australis Erséus, 1993. The ML phylogeny 

was estimated using RAxML v. 8.2.4 (Stamatakis, 2014), a GTR+G DNA 

substitution model, and 1,000 bootstrap replicates.  

Tree inference by BI methods was performed in MrBayes 3.2.6. (Ronquist 

et al., 2012) using a birth-death clocklike prior to generate an ultrametric tree 

that could be used in species delimitation analyses. The Bayesian analyses 

were performed with four replicates, each with four chains, for 5 x 106 

generations with sampling each 1,000, and a temperature of 0.05 for chain 

swap. The results were checked for convergence using Potential Scale 

Reduction Factor (Gelman and Rubin, 1992), estimates of effective sample 

size (ESS), and AWTY (Wilgenbusch et al. 2004, Nylander et al. 2008). After 

discarding the burn-in of 33%, the trees from all replicates were combined and 

used to obtain a majority-rule consensus tree. The same set of trees were 

also used to generate a fully bifurcating ultrametric tree using TreeAnnotator 

v. 1.8.1 (Drummond and Rambault, 2013). All phylogenetic analyses were 

performed at the Cipres server (Miller et al. 2010). 

 

Species delimitation analyses 

 

DNA barcoding works for species identification if the intraspecific diversity is 

lower than the interspecific one (i.e., the “barcoding gap”), and if there is a 

reference database of known barcodes for most of the taxa found. However, it 

can also be used as an exploratory tool for unstudied groups, with groups 
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predicted from the barcodes representing a set of species hypothesis 

(Puillandre et al. 2012). To evaluate the performance of DNA barcoding gaps 

in the studied Oligochaeta, we calculated an uncorrected pair-wise DNA 

distance matrix in the software MEGA v.7 (Tamura et al., 2013). This matrix 

was used as input to perform an automated analysis of DNA barcoding gaps 

in the software Automatic Barcode Gap Discovery (ABGD) (Puillandre et al. 

2012). For this analysis, we used a P (maximum prior intraspecific distance) 

range between 0.001-0.1, a relative gap width of 1.0, and 30 recursive steps. 

The fully bifurcating ultrametric tree obtained by the BI was used to 

analyze the data under the generalized mixed Yule coalescent (GMYC) 

approach to species delimitation (Fujisawa and Barraclough, 2013). This 

method was presented for the first time in Pons et al. (2006) and Fontaneto et 

al. (2007), being formally described by Fujisawa and Barraclough (2013). This 

single loci method tries to locate independent evolution (mutations that not 

spread rapidly in other species) along the tree branches (Templeton 1989; De 

Queiroz 2007, Barraclough et al. 2009). The method uses a maximum 

likelihood model of branching between and within species on a gene tree, 

combining the Yule diversification model and an intraspecific genealogy 

based on a neutral coalescent model (Fujisawa and Barraclough 2013). The 

analyses by this method were performed in R v. 3.2.3 (R Development Core 

Team, 2015) with the package ‘splits’ (Fujisawa and Barraclough 2013), using 

the single threshold method.  

 

Results 

 

Phylogenetic analyses  

 

We obtained a total of 80 COI sequences, representing 32 potentially distinct  

species from two families of marine oligochaetes (see species delimitation 

section below). Sequences were about 658 bp, with the partitioning scheme 

selected by the PartitionFinder analyses being by codon position (three 

partitions).  

 The Bayesian inference (BI) analysis of the COI sequences divided the 

southern Atlantic oligochaetes into two main clades (A and B) (Fig. 1). Clade 
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A is a monophyletic group containing all species of family Naididae with 

maximum support. This clade is further subdivided into Limnodriloidinae with 

Ainudrilus sp.1, sp. 2, sp. 3, sp. 4, Aktedrilus sp. 1, sp. 2, Macquaridrilus sp.1, 

Naididae sp.1 and Paranais frici placed as a sister to this subfamily.  
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Fig1. Bayesian Inference majority-rule consensus tree generated in MrBayes with the 

obtained oligochaetes COI sequences. Values of nodal support are posterior 
probabilities. 

Clade B is formed by all species of Enchytraeidae, but with weak support. The 
analysis does not support the monophyly of Grania and Stephensoniella. 
Grania bekkouchei Prantoni, De Wit & Erséus, 2016, G. capensis Prantoni, 
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De Wit & Erséus, 2016, G. cryptica Prantoni, De Wit & Erséus, 2016, and G. 
simonae Prantoni, De Wit & Erséus, 2016, all from South Africa, cluster 
together. 
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Fig 2. Maximum likelihood majority-rule consensus tree inferred by RAxML for the 
 sampled oligochaetes COI sequences. Values of nodal support were obtained 

by 1,000 bootstrap replicates.  
 By contrast, G. brasiliensis comes out as a sister taxon of this four-taxon 

group, and Stephensoniella sp. 1 as a sister species of G. brasiliensis. 
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Monophyly of the Antarctic Lumbricillus spp., the “achaetous” species of 

Marionina (i.e., those completely lacking chaetae), Limnodriloidinae, and 

Ainudrilus, respectively, is strongly supported (Fig 1).  

 The ML-estimate tree also corroborates the monophyly of 

Limnodriloidinae, and Ainudrilus (Fig. 2). However, it shows a lower support 

for certain nodes, and does not support the basal topology (A and B) in Fig. 1. 

The analysis also does not support monophyly of Grania, Stephensoniella, 

and Lumbricillus. The achaetous Marionina spp. come out as a monophyletic 

group forming a basal branch with high support (Fig. 2).  

 

Species delimitation 

 

The Automatic Barcode Gap Discovery (ABGD) analyses established a 

barcoding gap between 3% and 14% uncorrected p distances (Fig. 3). The 

recursive iterations recovered 43 groups with P = 0.001, 34 groups with P = 

0.01, and 32 groups with P = 0.1 (Tab.1).  
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Fig 3. Distribution of the pairwise uncorrected p genetic distances generated by the 

ABGD analysis of the COI sequences of the sampled oligochaetes.  
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Fig 4. Results of the Generalized Mixed Yule Coalescent (GMYC) analysis over a 

strictly bifurcating ultrametric tree obtained in TreeAnotator using the same set 
of Bayesian Inference trees used for the consensus tree of Fig.1. The 
maximum likelihood entities (MLE) (or operational taxonomic units) defined in 
the analysis are indicated by the numbers in the black circles (same as in Table 
XX). MLEs with multiple individuals are indicated in red. Support values are 
nodal posterior probabilities. 
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The GMYC analysis returned a total of 13 ML independent genetic clusters 

(confidence interval 11-13), and a total of 34 ML entities or potential species 

(c.i. 32-43) (Fig. 4).  The results of the likelihood test suggest significant 

differences between the obtained clustering and a null model (threshold time 

= -0.008; Likelihood ratio = 249.69; LR test p < 0.001). Both methods 

recovered a similar number of taxa, with the grouping resulting from a P = 

0.01 in ABGD being the same as the one obtained by the GMYC analysis. 

  

Discussion 

 

This study, based on a COI barcode approach, was consistent in defining 

species boundaries with maximum support in both Bayesian inference (BI) 

and Maximum likelihood (ML) methods.  

 BI, ML, and ABGD (considering maximum prior interspecific divergence 

P = 0.1) and GYMC analyzes all together allowed for  the identification of 32 

lineages or operational taxonomy units (OTUs) from the 80 specimens 

analyzed (see discussion below). All these lineages could be associated with 

previously known species or genera. Consequently, the number of marine 

oligochaetes from the southeastern coast of South America (Brazil) increased 

from 14 to 21 by reporting the species Doliodrilus fibrisaccus Wang & Erséus, 

2004, Limnodriloides pierantonii (Hrabĕ, 1971) , L. rubicundus Erséus, 1982, 

L. sacculus Erséus, 1990, Paranais frici Hrabĕ, 1941, Stephensoniella 

sterreri, lasserre & Erséus, 1976 and Thalassodrilides gurwitschi (Hrabĕ, 

1971)  for the first time. The number of species recorded from the South 

Atlantic areas as a whole will probably increase with the descriptions of the 

potentially new species of Ainudrilus, Aktedrilus, Enchytraeus, Limnodriloides, 

Macquaridrilus, Stephensoniella and the four candidate species belonging to 

the “achaetous” Marionina complex (Matamoros, et al., 2012) from Brazil, as 

well as with the three species of Lumbricillus from Antarctica.  

 The two clustering methods, ABGD and GYMC were strongly 

concordant and only two cases of minor discrepancies were observed 

considering the most conservative prior interspecific divergence (P = 0.1) for 

the ABGD. In GYMC, the sympatric specimens of Limnodriloides sp.2 were 

split into two distinct linages or OTUs, and the same occurred with 
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Stephensoniella sterreri, also sympatric. Conversely, ABGD grouped all 

specimens of Limnodriloides sp.2 and S. sterreri into only two lineages (P = 

0.1) (Fig. 3, Tab. 1). These two methods showed the same result (34 OUT, P 

= 0.01), but ABGD clearly overestimated the number of species (43), when 

using P = 0.001 (Tab. 1). Simulations performed by Puillandre et al., 2012 

have shown that the results of ABGD and GYMC can be influenced by the 

evenness of the sampled dataset. The authors pointed out that these two 

methods may overestimate or underestimate the number of species in even or 

uneven sampling and more efforts must be made to investigate the effects of 

uneven sampling in species delimitation. Increasing the sampling effort as an 

attempt to ”standardize” the number of species could be a methodological 

solution, but it is often not feasible due to the prevalence of rare species in 

most ecological datasets (Puillandre et al., 2012).  

 However, the mean genetic divergences within Limnodriloides sp.2 and 

S. sterreri are low 2.3 ±0,6 and 1.4 ±0,5 respectively. Thus, the low genetic 

divergence, combined with the sympatric distribution of the two species, 

strongly supports that they are only two instead of four species, as suggested 

by GYMC and ABGD (with P 0.01). The COI barcode approach and the 

genetic distance threshold for species delimitation boundaries are still subject 

to debate (Erséus and Gustavsson, 2009; Dasmahapatra et al., 2010; Collins 

and Cruickshank, 2013; Martinsson et al., 2013). Achurra and Erséus (2013) 

argued that the use of only COI genetic distance as a threshold to define 

species could overestimate the number of lineages and they recommended to 

use at least one additional nuclear marker. In their study, the single 

oligochaete species Stylodrilus heringianus Claparède, 1862 was divided into 

at least six distinct lineages when only COI barcodes were used, but most of 

these lineages showed allopatric distribution.  On the other hand, even when 

using a multi-locus approach for establishing the species boundaries, COI 

barcodes and using a 10% threshold value for intraspecific genetic divergence 

were by themselves enough to identify nine new species of the enchytraeid 

genus Grania, and this included two cryptic lineages (Prantoni et al., 2016). 

Similar results were obtained by Vivien et al. (2015) in a study of freshwater 

oligochaetes from Switzerland. They were able to identify 41 distinct lineages 
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using COI barcode approach with 10% threshold of  intraspecific genetic 

divergence, while only 28 taxa could be morphologicaly identified.  

 This study confirms that a COI barcoding approach combined with a 

intraspecific genetic divergence threshold at about 10% was able to recognize 

all potential species in our samples. DNA barcoding may therefore become a 

very useful framework for species delimitation. It is especially recommended 

for the large datasets frequently used in ecological studies of poorly known 

taxa and also for the groups, which are hard to identify by traditional 

morphological analysis only.  
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Appendix 1: List of species, collection sites, date, coordinates of 80 barcoded specimens, GenBank Accession nos. of COI 
barcodes and ML-entities (operational taxonomic units) inferred by GMYC (see Fig. 4), and the putative species nos. found by the 
three ABDG analyses. 

ID Taxa Collection site 
Date 

month/ 
year 

Coordinates GenBank 
Accession nº  GMYC ABGD 

P = 0.1 
ABGD 

P = 0.01 
ABGD 

P = 0.001 

ALP6/CE20837 Ainudrilus sp.1 Paranaguá 
Bay - Brazil Oct-13 25°27'54"S; 

48°25'12"W  13 24 24 24 

ALP7/CE20742 Ainudrilus sp.2 Paranaguá 
Bay - Brazil Oct-13 25°27'54"S; 

48°25'12"W  13 24 24 24 

ALP8/CE20838 Doliodrilus fibrisaccus Paranaguá 
Bay - Brazil Sep-13 25°27'54"S; 

48°25'12"W  7 29 29 29 

ALP10/CE20840 Limnodriloides sp.2 Paranaguá 
Bay - Brazil Oct-13 25°27'54"S; 

48°25'12"W  11 26 34 43 

ALP11/CE20826 Aktedrilus sp.1 Florianópolis - 
Brazil Jul-13 27°45′58″S; 

48°34′27″W  31 28 28 28 

ALP12/CE20737 Aktedrilus sp.2 Florianópolis - 
Brazil Jul-13 27°45′58″S; 

48°34′27″W  27 22 22 22 

ALP14/CE20827 Marionina sp.3 Florianópolis - 
Brazil Jul-13 27°45′58″S; 

48°34′27″W  1 2 2 2 

ALP15/CE20739 Macquaridrilus sp.1 Florianópolis - 
Brazil Jul-13 27°45′58″S; 

48°34′27″W  28 23 23 23 

ALP16/CE20918 Limnodriloides pierantonii Paranaguá 
Bay - Brazil Aug-13 25º30'01"S: 

48º29'17" W  10 7 7 39 

ALP17/CE20829 Limnodriloides rubicundus Paranaguá 
Bay - Brazil Aug-13 25º30'01"S: 

48º29'17" W  9 14 14 14 

ALP18/CE20830 Limnodriloides pierantonii Paranaguá 
Bay - Brazil Aug-13 25º30'01"S: 

48º29'17" W  10 7 7 7 

ALP19/CE20831 Limnodriloides pierantonii Paranaguá 
Bay - Brazil Aug-13 25º30'01"S: 

48º29'17" W  10 7 7 7 

ALP23/CE20740 Limnodriloides pierantonii Paranaguá 
Bay - Brazil Aug-13 25º30'01"S: 

48º29'17" W  10 7 7 35 



 151 

ID Taxa Collection site 
Date 

month/ 
year 

Coordinates GenBank 
Accession nº  GMYC ABGD 

P = 0.1 
ABGD 

P = 0.01 
ABGD 

P = 0.001 

ALP25/CE20832 Limnodriloides pierantonii Paranaguá 
Bay - Brazil Aug-13 25º30'01"S: 

48º29'17" W  10 7 7 36 

ALP26/CE20833 Limnodriloides pierantonii Paranaguá 
Bay - Brazil Aug-13 25º30'01"S: 

48º29'17" W  10 7 7 37 

ALP27/CE20847 Limnodriloides sp.2 Antonina Bay - 
Brazil Sep-13 25º25'12"S; 

48º42'10" W  27 26 34 43 

ALP28/CE20920 Limnodriloides pierantonii Antonina Bay - 
Brazil Sep-13 25º25'12"S; 

48º42'10" W  10 7 7 40 

ALP29/CE20848 Limnodriloides pierantonii Antonina Bay - 
Brazil Sep-13 25º25'12"S; 

48º42'10" W  10 7 7 34 

ALP30/CE20849 Limnodriloides pierantonii Antonina Bay - 
Brazil Sep-13 25º25'12"S; 

48º42'10" W  10 7 7 34 

ALP32/CE20820 Limnodriloides sp.2 Paranaguá 
Bay - Brazil Sep-13 25°27'54"S; 

48°25'12"W  12 26 26 26 

ALP33/CE20821 Limnodriloides sp.2 Paranaguá 
Bay - Brazil Sep-13 25°27'54"S; 

48°25'12"W  11 26 34 43 

ALP34/CE20822 Limnodriloidinae sp.1 Paranaguá 
Bay - Brazil Sep-13 25°27'54"S; 

48°25'12"W  12 26 26 26 

ALP35/CE20823 Ainudrilus sp.2 Paranaguá 
Bay - Brazil Sep-13 25°27'54"S; 

48°25'12"W  30 27 27 27 

ALP37/CE20824 Limnodriloides sp.2 Paranaguá 
Bay - Brazil Sep-13 25°27'54"S; 

48°25'12"W  11 26 34 43 

ALP38/CE20825 Ainudrilus sp.1 Paranaguá 
Bay - Brazil Sep-13 25°27'54"S; 

48°25'12"W  13 24 24 42 

ALP41/CE20743 Paranais frici Paranaguá 
Bay - Brazil Oct-13 25°27'54"S; 

48°25'12"W  29 25 25 25 

ALP42/CE20841 Ainudrilus sp.3 Paranaguá 
Bay - Brazil Oct-13 25°27'54"S; 

48°25'12"W  32 30 30 30 

ALP43/CE20842 Doliodrilus fibrisaccus Paranaguá 
Bay - Brazil Oct-13 25°27'54"S; 

48°25'12"W  7 29 29 29 

ALP44/CE20843 Thalassodrilides 
gurwitschi 

Paranaguá 
Bay - Brazil Oct-13 25°27'54"S; 

48°25'12"W  33 31 31 31 
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ID Taxa Collection site 
Date 

month/ 
year 

Coordinates GenBank 
Accession nº  GMYC ABGD 

P = 0.1 
ABGD 

P = 0.01 
ABGD 

P = 0.001 

ALP45/CE20844 Ainudrilus sp.1 Paranaguá 
Bay - Brazil Oct-13 25°27'54"S; 

48°25'12"W  13 24 24 24 

ALP46/CE20845 Ainudrilus sp.1 Paranaguá 
Bay - Brazil Oct-13 25°27'54"S; 

48°25'12"W  13 24 24 24 

ALP48/CE20846 Ainudrilus sp.4 Paranaguá 
Bay - Brazil Oct-13 25°27'54"S; 

48°25'12"W  34 32 32 32 

ALP53/CE20834 Limnodriloides pierantonii Paranaguá 
Bay - Brazil Aug-13 25º30'01"S: 

48º29'17" W  10 7 7 38 

ALP56/CE20836 Limnodriloides pierantonii Paranaguá 
Bay - Brazil Aug-13 25º30'01"S: 

48º29'17" W  10 7 7 33 

ALP58/CE20850 Limnodriloides pierantonii Antonina Bay - 
Brazil Sep-13 25º25'12"S; 

48º42'10" W  10 7 7 34 

ALP59/CE20921 Marionina sp.3 Antonina Bay - 
Brazil Sep-13 25º25'12"S; 

48º42'10" W  1 2 2 2 

ALP61/CE20818 Grania brasiliensis S. Sebastião - 
Brazil Oct-12 23°49′41″S; 

45°25′23″W  4 11 11 11 

ALP 112 Stephensoniella sterreri Paranaguá 
Bay - Brazil Sep-14 25°25'18"S; 

48°24'28"W  2 8 33 41 

ALP 113 Stephensoniella sterreri Paranaguá 
Bay - Brazil Sep-14 25°25'18"S; 

48°24'28"W  3 8 8 8 

ALP 114 Stephensoniella sterreri Paranaguá 
Bay - Brazil Sep-14 25°25'18"S; 

48°24'28"W  2 8 33 41 

ALP 115 Stephensoniella sterreri Paranaguá 
Bay - Brazil Sep-14 25°25'18"S; 

48°24'28"W  3 8 8 8 

ALP 116 Stephensoniella sterreri Paranaguá 
Bay - Brazil Sep-14 25°25'18"S; 

48°24'28"W  2 8 33 41 

ALP 117 Stephensoniella sterreri Paranaguá 
Bay - Brazil Sep-14 25°25'18"S; 

48°24'28"W  3 8 8 8 

ALP 118 Stephensoniella sterreri Paranaguá 
Bay - Brazil Sep-14 25°25'18"S; 

48°24'28"W  2 8 33 41 

ALP 121 Enchytraeus sp.1 Paranaguá 
Bay - Brazil Sep-14 25°27'47'S; 

48°34'13'W'  23 16 16 16 
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ID Taxa Collection site 
Date 

month/ 
year 

Coordinates GenBank 
Accession nº  GMYC ABGD 

P = 0.1 
ABGD 

P = 0.01 
ABGD 

P = 0.001 

ALP 123 Marionina sp.2 Paranaguá 
Bay - Brazil Sep-14 25°27'47'S; 

48°34'13'W'  24 17 17 17 

ALP 124 Naididae sp.1 Paranaguá 
Bay - Brazil Sep-14 25°27'47'S; 

48°34'13'W'  25 18 18 18 

ALP 133 Marionina sp.1 Paranaguá 
Bay - Brazil Sep-14 25º25'12"S; 

48º42'10" W  19 9 9 9 

ALP 134 Marionina sp.4 Paranaguá 
Bay - Brazil Sep-14 25º25'12"S; 

48º42'10" W  20 10 10 10 

ALP 165 Limnodriloides rubicundus Paranaguá 
Bay - Brazil Mar-15 25°27'54"S; 

48°25'12"W  9 14 14 14 

ALP 167 Limnodriloides pierantonii Paranaguá 
Bay - Brazil Mar-15 25º30'01"S: 

48º29'17" W  10 7 7 33 

ALP 169 Limnodriloides pierantonii Paranaguá 
Bay - Brazil Mar-15 25º30'01"S: 

48º29'17" W  10 7 7 7 

ALP 170 Limnodriloides pierantonii Paranaguá 
Bay - Brazil Mar-15 25º30'01"S: 

48º29'17" W  10 7 7 7 

ALP 171 Limnodriloides pierantonii Paranaguá 
Bay - Brazil Mar-15 25º30'01"S: 

48º29'17" W  10 7 7 7 

ALP 172 Limnodriloides pierantonii Paranaguá 
Bay - Brazil Mar-15 25º30'01"S: 

48º29'17" W  10 7 7 33 

ALP 177 Limnodriloides pierantonii Paranaguá 
Bay - Brazil Mar-15 25º30'01"S: 

48º29'17" W  10 7 7 7 

ALP 185 Limnodriloides sacculus Paranaguá 
Bay - Brazil Mar-15 25°27'54"S; 

48°25'12"W  8 13 13 13 

ALP 187 Limnodriloides sacculus Paranaguá 
Bay - Brazil Mar-15 25°27'54"S; 

48°25'12"W  8 13 13 13 

ALP 188 Limnodriloides pierantonii Paranaguá 
Bay - Brazil Mar-15 25°27'54"S; 

48°25'12"W  10 7 7 34 

ALP 189 Limnodriloides pierantonii Paranaguá 
Bay - Brazil Mar-15 25°27'54"S; 

48°25'12"W  10 7 7 34 

ALP 195 Limnodriloides rubicundus Paranaguá 
Bay - Brazil Mar-15 25°27'54"S; 

48°25'12"W  9 14 14 14 
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ID Taxa Collection site 
Date 

month/ 
year 

Coordinates GenBank 
Accession nº  GMYC ABGD 

P = 0.1 
ABGD 

P = 0.01 
ABGD 

P = 0.001 

ALP 196 Limnodriloides rubicundus Paranaguá 
Bay - Brazil Mar-15 25°27'54"S; 

48°25'12"W  9 14 14 14 

ALP 197 Stephensoniella sp.1 Paranaguá 
Bay - Brazil Mar-15 25°25'18"S; 

48°24'28"W  22 15 15 15 

ALP 313 Grania brasiliensis S. Sebastião - 
Brazil Apr-15 23°49′41″S; 

45°25′23″W  4 11 11 11 

ALP 314 Grania brasiliensis S. Sebastião - 
Brazil Apr-15 23°49′41″S; 

45°25′23″W  4 11 11 11 

ALP 324 Limnodriloides sp.1 S. Sebastião - 
Brazil Apr-15 23°49′41″S; 

45°25′23″W  21 12 12 12 

ALP 327 Lumbricillus sp.1 Pico Varréal - 
Antarctica  Jan-15 62°10′21″S; 

58º08'10″W  26 19 19 19 

ALP 328 Lumbricillus sp.2 Snow Island - 
Antarctica Jan-15 62°46'31″S; 

61°17'09″W  5 20 20 20 

ALP 329 Lumbricillus sp.2 Snow Island - 
Antarctica Jan-15 62°46'31″S; 

61°17'09″W  5 20 20 20 

ALP 330 Lumbricillus sp.3 Snow Island - 
Antarctica Jan-15 62°46'31″S; 

61°17'09″W  6 21 21 21 

ALP 331 Lumbricillus sp.3 Snow Island - 
Antarctica Jan-15 62°46'31″S; 

61°17'09″W  8 
6 21 21 21 

ALP 332 Lumbricillus sp.3 Snow Island - 
Antarctica Jan-15 62°46'31″S; 

61°17'09″W  6 21 21 21 

ALP 333 Lumbricillus sp.3 Snow Island - 
Antarctica Jan-15 62°46'31″S; 

61°17'09″W  6 21 21 21 

ALP 334 Lumbricillus sp.3 Snow Island - 
Antarctica Jan-15 62°46'31″S; 

61°17'09″W  6 21 21 21 

ALP 335 Lumbricillus sp.3 Snow Island - 
Antarctica Jan-15 62°46'31″S; 

61°17'09″W  6 21 21 21 

CE13975 Grania bekkouchei Saldanha Bay 
- South Africa  Dec-11 33°00′25′′S; 

17°56′45′′E  16 4 4 4 

CE14015 Grania capensis False Bay - 
South Africa Dec-11 34°09′29′′S; 

18°26′01′′E  18 6 6 6 
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ID Taxa Collection site 
Date 

month/ 
year 

Coordinates GenBank 
Accession nº  GMYC ABGD 

P = 0.1 
ABGD 

P = 0.01 
ABGD 

P = 0.001 

CE14031 Grania cryptica False Bay - 
South Africa Dec-11 34°09′29′′S; 

18°26′01′′E  17 5 5 5 

CE14058 Grania simonae Van Dyks Bay 
- South Africa Dec-11 34°37′00′′S; 

19°21′21′′E  15 3 3 3 

CE20734 Grania brasiliensis S. Sebastião - 
Brazil Oct-12 23°49′41″S; 

45°25′23″W  4 11 11 11 

CE14346 Capilloventer australis     14 1 1 1 
 


