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RESUMO 

 

Nas últimas décadas, a subclasse Ceriantharia tem se encontrado no centro das 

discussões evolutivas em Cnidaria. Este clado é um dos menos abundantes na classe 

Anthozoa, com cerca de 54 espécies formalmente descritas. Provavelmente, a carência 

no conhecimento sobre aspectos básicos da ecologia e ontogenia desse grupo reforçam a 

incerteza evolutiva sobre a subclasse. Atualmente, muitas inconsistências, sejam elas de 

ordem taxonômica, sistemática ou da história evolutiva dos ceriantários, circundam esse 

clado. O presente estudo tem como objetivo discutir aspectos ligados ao ciclo de vida, 

as rotas alternativas e as implicações dessa complexidade ontogênica, para a família 

Arachnactidae, a nível morfológico e transcriptômico. Nossos dados mostram a 

ocorrência de indivíduos larvais de I. nocturnus na região norte do Brasil sendo capazes 

de ocupar habitats com influencia estuarina. Ademais, nós discutimos a validade da 

espécie Ovactis brasiliensis descrita somente com base em caracteres das formas 

larvais. Nós registramos uma nova espécie do gênero Arachnanthus para o Atlântico 

Sul, o primeiro registro de ocorrência desse gênero para essa região, bem como o seu 

ciclo de vida apresentando uma larva planctônica de vida curta e discutimos um 

comportamento de locomoção inédito para ceriantários adultos. Ainda, nossos 

resultados apontam para um arsenal de toxinas bem maior expressado pelos genes no 

período larval em comparação ao estágio adulto e que o pólipo da nova espécie de 

Arachnanthus exibe uma abundância maior de toxinas putativas em relação ao já 

descrito para a família Arachnactidae. Por fim, nossas análises identificaram uma maior 

quantidade de transcritos sendo expressos no estágio larval em comparação ao adulto e 

a maioria desses transcritos estava associada a processos biológicos.  

Palavras-chave: Anêmonas de tubo. Ciclo de vida. Toxinas. Transctiptoma. 

Arachnactidae. 
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ABSTRACT 

Ceriantharia is a small subclass of the Anthozoa, which has only 54 valid species and in 

the past decades has been assumed a central space in evolutionary discussions. 

Probably, the lack of knowledge about ontogenetic and ecology aspects increase the 

evolutionary uncertainness of this subclass. Currently, many taxonomic, systematics 

and evolutionary history inconsistences are present in this clade. The study discuss life 

cycle, alternative routes and implications of these ontogenetic complexities for the 

Arachnactidae family at morphological and transcriptomic level. Our results evidence 

the occurrence of larva stages of I. nocturnus from North region of the Brazil, 

occupying habitats with estuarine influences. We discussed the validity of the species 

Ovactis brasiliensis described only based on morphological characters of the larva 

forms. A new species of the genus Arachnanthus from South Atlantic Ocean and its life 

cycle with a short-time larva were described; the first occurrence record of this genus 

for the region. The unprecedented locomotion behavior of the ceriantharian adult was 

discussed. Our data revealed a higher putative toxin arsenal expressed by genes in the 

larval stages of the Arachananthus sp1 than adult phase. The polyp of the new species 

presented more abundant number of toxins than earlier registered for the family 

Arachnactidae. Additionally our analyses identified great number of transcripts 

expressed by the larva than polyp; most of transcripts was related to biological process. 

Keywords: Tube-dwelling anemones. Life cycle. Toxins. Transcriptome. 

Arachnactidae.    

 

 



9 
 

SUMÁRIO 

INTRODUÇÃO GERAL ................................................................................. 12 

Aspectos gerais sobre Ceriantharia ................................................................. 12 

Inconsistências taxonômicas na família Arachnactidae .................................. 15 

Aspectos do desenvolvimento em Ceriantharia: ciclo de vida e regeneração 17 

Estudos transcriptômicos em Ceriantharia: expressão diferencial de genes e 

toxinas putativas ......................................................................................................... 18 

OBJETIVOS ..................................................................................................... 20 

REFERÊNCIAS ................................................................................................ 21 

CAPÍTULO I: NEW EVIDENCE TO DEMYSTIFY THE SUPPOSED 

HOLOPLANKTONIC LIFE CYCLE IN CERIANTHARIA (CNIDARIA) ......... 28 

Abstract ............................................................................................................... 29 

Introduction ......................................................................................................... 30 

Material and methods ......................................................................................... 31 

Specimens ........................................................................................................ 31 

Molecular analysis .......................................................................................... 32 

Morphological analyses .................................................................................. 32 

Results ................................................................................................................. 33 

Morphological description of larvae from Pará ............................................. 33 

Molecular identification of larvae from Pará ................................................. 33 

Taxon delimitation .......................................................................................... 34 

Distribution ..................................................................................................... 35 

Discussion ........................................................................................................... 36 

Comparative analysis of larvae ...................................................................... 36 

Life cycle aspects and distribution .................................................................. 38 

Nomenclatural act ........................................................................................... 39 

Acknowledgments .............................................................................................. 41 

Funding ............................................................................................................... 41 



10 
 

References ........................................................................................................... 41 

CAPITULO II: DESCRIPTION AND LIFE CYCLE OF A NEW SPECIES    

OF THE GENUS ARACHNANTHUS (CNIDARIA, ANTHOZOA, 

CERIANTHARIA) FROM SOUTHWESTERN ATLANTIC OCEAN ................. 46 

Abstract ............................................................................................................... 47 

Introduction ......................................................................................................... 48 

Materials & Methods .......................................................................................... 50 

Sampling of specimens .................................................................................... 50 

Larval and adult rearing ................................................................................. 51 

Morphological analysis ................................................................................... 51 

Results ................................................................................................................. 52 

Description of life cycle .................................................................................. 60 

Larval stage ................................................................................................... 60 

Larval behavior ............................................................................................. 63 

Settlement ...................................................................................................... 63 

Crawling and feeding behavior ....................................................................... 65 

Discussion ........................................................................................................... 66 

Conclusions ......................................................................................................... 71 

Acknowledgements ............................................................................................. 72 

References ........................................................................................................... 73 

CAPITULO III: EXPLORING THE LARVAL AND ADULT 

TRANSCRIPTOME OF THE TUBE-DWELLING ANEMONES 

ARACHNANTHUS SP.1 (CNIDARIA, CERIANTHARIA): DIFFERENTIAL 

EXPRESSION AND TOXIN PROFILE .................................................................... 80 

Abstract ............................................................................................................... 81 

Introduction ......................................................................................................... 82 

Material and methods ......................................................................................... 83 

Samples and tissue collect ............................................................................... 83 



11 
 

Construction of cDNA library and Illumina Sequencing ................................ 84 

De novo transcriptome assembly and assessment of quality .......................... 84 

Transcriptome annotation ............................................................................... 85 

Annotation of putative venom-like gene .......................................................... 85 

Results ................................................................................................................. 86 

Transcriptome Sequencing, De Novo Assembly and Annotation .................... 86 

Gene Ontology (GO) enrichment analysis ...................................................... 86 

Putative toxin-encoding transcripts ................................................................ 87 

Putative toxins-like proteins families of the adult and larva .......................... 89 

Putative toxins expressed exclusively by larva ............................................... 94 

Putative toxins expressed exclusively by adult specimen ................................ 96 

Discussion ........................................................................................................... 97 

Comparative functional gene enrichment analysis ......................................... 97 

Profile of putative toxins ................................................................................. 98 

Acknowledgment .............................................................................................. 102 

Reference .......................................................................................................... 102 

DISCUSSÃO GERAL .................................................................................... 118 

CONCLUSÃO GERAL .................................................................................. 122 

REFERÊNCIAS .............................................................................................. 123 

 

 

  



12 
 

INTRODUÇÃO GERAL 

 

Aspectos gerais sobre Ceriantharia 

Ceriantharia atualmente é classificada como uma subclasse do filo Cnidaria 

(Stampar et al. 2014). Os organismos desse grupo são popularmente conhecidos como 

anêmonas de tubo (Figura 1) e são bastante comercializados na indústria do aquarismo 

(Stampar e Silveria 2006). Os ceriantários divergem morfologicamente dos demais 

antozoários por apresentarem: tentáculos organizados em duas fileiras; a mais interna 

correspondente aos tentáculos labiais, que circundam a região oral e a outra mais 

externa equivalente aos tentáculos marginais (Carlgren 1912  Figure 2a); possuem 

somente uma sifonóglife na região da actinofaringe (Tiffon 1987  Figure 2b) e são os 

únicos a sintetizarem um tipo de cnida chamada pticocisto que usam para a construção 

do tubo que envolve a coluna (Ozbek et al. 2009, Stampar et al. 2015a).  

 

 

Figure 1. Espécies da subclasse Ceriantharia. a e b: Ceriantheomorphe brasiliensis 

Carlgren, 1931, c: espécimes de Ceriantheopsis sp.  

   

Os estudos com ceriantários tiveram início em 1784 por Spallanzani e foram 

continuados por Milne Edwards e Haime (1851), Sars (1846), Perrier 1893, van 

Beneden (1897), McMurrich (1910), dentre outros. Em 1912, Carlgren apresenta um 

compilado taxonômico com a descrição e discussão dos caracteres morfológicos de 

muitas espécies de Ceriantharia. Mesmo com um número amostral baixo, este estudo 

representa um dos mais relevantes para o entendimento da biodiversidade e taxonomia 
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de ceriantários. Arai (1965) e den Hartog (1977) também contribuíram positivamente 

para a taxonomia de Ceriantharia com estudos direcionados ao gênenro 

Pachycerianthus Roule, 1904 e à família Arachnactidae McMurrich 1910. Inclusive, 

Arai (1965) elaborou um glossário com as terminações e significados usados para a 

caracterização morfológica de Ceriantharia. Essa iniciativa foi inovadora à época, pois 

muitas inconsistências taxonômicas identificadas, até então, eram devido às confusões 

nas terminologias utilizadas para descrever as estruturas dos organismos, o que gerava 

uma extensa lista de novas espécies, as quais persistem até os dias atuais. Durante esse 

período, aspectos ecológicos e evolutivos de Ceriantharia ficaram em segundo plano, 

sendo que, um dos únicos trabalhos que abordou padrões inerentes ao desenvolvimento 

foi consuzido por Child 1903 a 1908, no qual o autor descreve os processos regulatórios 

corporais para uma espécie do gênero Cerianthus (Gmelin, 1791).  

 

 

Figura 2. Caracteres morfológicos exclusivos de Ceriantharia. a: sifonóglife, b. seta 

vermelha = tentáculos labiais, seta preta = tentáculos marginais – foto: SN Stampar. 

 

Após essa época de estudos majoritariamente taxonômicos voltados para 

Ceriantharia, a subclasse permaneceu por muito tempo sem análises mais profundas 

(Stampar 2012). Cenário este que, acarretou em uma escassez de conhecimentos básicos 

sobre os padrões de desenvolvimento, aspectos evolutivos e ecológicos sob uma 

perspectiva morfológica, comportamental e gênica em comparação aos demais clados 

de Cnidaria (ver Karako-Lampert et al. 2014, Macrander et al. 2016, Gold et al. 2019, 

Liao et al. 2019). Posteriormente, Stampar et al. (2014) concentrou os seus estudos na 

subclasse Ceriantharia, abordando desde a posição sistemática baseada em caracteres 

morfológicos e marcadores moleculares, discussões sobre o ciclo de vida de 

Isarachnanthus nocturnus (den Hartog 1977) (Stampar et al. 2015b), processos de 
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especiação do gênero Isarachnanthus (Stampar et al. 2012) processos de regeneração 

(Stampar 2012), até a descrição da construção do tubo por ceriantários (Stampar et al. 

2015a) e as associações estabelecidas pelas anêmonas com outros invertebrados 

marinhos por meio do tubo (Stampar et al. 2010). Entretanto, as informações inerentes à 

descrição dos estágios de desenvolvimento da família Cerianthidae Milne Edwards & 

Haime, 1851 foram escassas e o processo de regeneração foi sucintamente descrito. Já 

com os estudos concentrados na filogenia desse grupo, Stampar conseguiu suscitar e 

fomentar discussões evolutivas importantes. Até então, Ceriantharia era considerada 

uma ordem dentro de Hexacorallia (Daly et al. 2007), Stampar et al. (2014) usando 

marcadores moleculares como COI, ITS e 16S, defendeu que Ceriantharia deveria ser 

considerado uma subclasse de Anthozoa. Ainda nesse estudo, algumas possibilidades 

para a posição filogenética de Ceriantharia em relação aos outros grupos de Cnidaria 

foram levantadas, mas devido às topologias terem apresentado pouco suporte estatístico, 

o autor preferiu somente discuti-las. Todavia, incluir dados de Ceriantharia em análises 

filogenéticas de Cnidaria, se mostrou indispensável para alcançar topologias que 

revelam o mais próximo da história evolutiva dos cnidários (Stampar et al. 2014, Zapata 

et al. 2015, Kayal et al. 2018). 

A posição filogenética de Ceriantharia em Cnidaria continua sendo controversa, 

talvez devido ao baixo número amostral usado para realizar as análises. Apesar disso, 

discussões evolutivas interessantes estão sendo propostas. Zapata et al. (2015) defende 

que em virtude da posição incerta de Ceriantharia em Anthozoa, a monofilia de 

Hexacorallia não se sustenta e, propôs duas possíveis topologias para Ceriantharia: 

Hexacorallia + Ceriantharia ou Octocorallia + Ceriantharia. Por outro lado, Kayal et al. 

(2018) defendeu que Ceriantharia é um grupo irmão de Hexacorallia. Entretanto, ambos 

os estudos usaram apenas um ceriantário para realizar as análises. Diante deste cenário, 

a exploração de análises envolvendo as anêmonas de tubo é necessária. Os ceriantários 

possuem algumas características curiosas que são diferentes do padrão encontrado em 

Anthozoa; um genoma mitocondrial linear com o tamanho incomum para Cnidaria, 

enquanto o dos antozoários é circular (Stampar et al. 2019) e um DNA mitocondrial 

com uma taxa de evolução muito mais rápida do que a observada em indivíduos de 

Anthozoa (Stampar et al. 2014). Além disso, apresentam um padrão de 

desenvolvimento que pode incluir uma larva cerínula diferente de outros antozoários 

(Molodtsova 2004).      
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Finalmente, comportamentos bastante peculiares estão sendo observados em 

anêmonas de tubo, um deles é a possibilidade de indivíduos de uma mesma espécie, no 

caso Botrucnidifer norvegicus Carlgren 1912, formar uma colônia ou de apresentarem 

um tipo de recrutamento conhecido como gregário (Ceriello et al. 2019), muito 

observado em ascídias. Ademais, é compreendido que o tubo construído por ceriantários 

possui uma função ecológica muito importante, hospedando outros invertebrados 

marinhos (Stampar et al. 2010, Ceriello et al. 2021).      

 

Inconsistências taxonômicas na família Arachnactidae  

Ceriantharia é um clado muito pequeno com cerca de 54 espécies descritas e 

formalmente aceitas (Stampar et al. 2020). Apesar disso, provavelmente, dessas 54, 

apenas 30 são diferentes; portanto, as outras 24 seriam sinonímias (observação de SNS). 

Atualmente, três famílias compõem a subclasse, Arachnactidae, Cerianthidae e 

Botrucnidiferidae Carlgren, 1912 (Stampar et al. 2020). Indivíduos que compõem essas 

famílias são distintos, principalmente, em relação ao arranjo dos mesentérios, estruturas 

acopladas aos mesentérios, quantidade de protomesentérios conectados à sifonóglife, a 

presença do tentáculo labial diretivo (Carlgren 1912, Arai 1965, den Hartog 1977) e 

diferenças a níveis moleculares (Stampar et al. 2014). Apesar de outras abordagens 

estarem sendo investigadas atualmente.  

Arachnactidae abrange somente dois gêneros, Isarachnanthus Carlgren, 1924 

(Figura 3a) e Arachnanthus Carlgren 1912 (Figura 3b). Durante o século XIX, os 

estudos com Ceriantharia foram marcados pela prática de descrições de espécies com 

base somente nas análises morfológicas das formas larvais (Sars 1846; Leloup 1964). 

Mesmo depois de algum tempo, os estudos com um enfoque somente nas formas larvais 

sem uma conexão com os organismos adultos ainda eram encontrados (Molodtsova 

2004). Essa prática, dentre outras, provocou um cenário de inconsistência taxonômica 

alarmante nessa subclasse, que perdura até os dias atuais (Lopes et al. 2023). 

Especificamente para a família Arachnactidae, Sars (1846) propôs um gênero 

denominado Arachnactis somente com base na morfologia de indivíduos larvais. Apesar 

de reconhecer a instabilidade de espécies larvais, van Beneden (1897) elaborou uma 

lista extensiva de novas espécies descritas com base somente em análises morfológicas 

de indivíduos larvais e ainda destacou que a terminação ‗actis‘ deveria se restringir a 

espécies larvais. 
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Figura 3. Anêmonas de tubo da família Arachnactidae. a: espécie Arachnanthus sp. – 

foto: RM Nagata, b: Isarachnanthus nocturnus – foto: SN Stampar.  

 

A descrição de espécies de ceriantários com base somente na morfologia larval 

já não é mais praticada nos dias atuais, devido ao entendimento de que esses indivíduos 

estão em uma fase de desenvolvimento dos caracteres morfológicos e, ao se assentar e 

sofrer metamorfose, o invertebrado adulto, certamente, exibirá caracteres mais 

complexos (van Beneden 1897, Stampar et al. 2015b). Ademais, é observado que, 

inclusive na fase adulta, as anêmonas de tubo de uma mesma espécie podem apresentar 

notáveis variações na morfologia externa e interna (observações pessoais de SNS, Lopes 

et al 2019). Outros aspectos que também contribuem para esse cenário de 

incongruências em Ceriantharia estão relacionados com as confusões terminológicas das 

estruturas morfológicas usadas para identificar as espécies (Arai 1965), o uso de 

caracteres morfológicos que não possuem valor taxonômico e a falta de estudos com 

abordagem integrativa (a junção do uso de caracteres, morfológicos, comportamentais, 

moleculares, dentre outros).  

Indivíduos do gênero Isarachnanthus vêm sendo amplamente estudados nos 

últimos anos (Molodtsova 2003, Stampar et al. 2015b, Stampar et al. 2019). Porém, 

algumas incongruências circundaram esse gênero por um longo tempo. Den Hartog 

1977 descreveu duas espécies para o Caribe, uma delas foi denominda Arachnanthus 

nocturnus com base no arranjo e extensão dos mesentérios e cnidoma. Entretanto, um 

tempo depois, essa espécie foi alocada para o gênero Isarachnanthus. Outra 

inconsistência foi a identificação de espécies ocorrendo no mar do Caribe, Nordeste do 

Brasil, Noroeste da África e na Ilha da Ascensão discutida por Stampar e Morandini 
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(2014). Entretanto, o mesmo cenário não se aplica ao gênero Arachnanthus, o qual é 

caracterizado por uma escassez de estudos, a maioria se concentrando na descrição de 

espécies (Carlgren 1912, 1924, 1937, Stampar et al. 2018). Nesse sentido, pouco se sabe 

sobre a ecologia, comportamento, distribuição, estágios de desenvolvimento e outros 

aspectos característicos das espécies desse gênero. Além disso, fatos como a dificuldade 

em coletar esses invertebrados (den Hartog 1977); tamanho corpóreo pequeno, hábito 

noturno e a utilização do tubo para proteção agravam esse cenário.   

 

Aspectos do desenvolvimento em Ceriantharia: ciclo de vida e regeneração 

O surgimento de Cnidaria data do período Ediacarano (Cartwright et al. 2007) e 

o sucesso evolutivo desse filo está ligado à diversas características desenvolvidas por 

seus indivíduos ao longo da história evolutiva, como forma do corpo, produção de 

cnidas urticantes, alta capacidade regenerativa e diversificação das rotas de 

desenvolvimento (Galliot and Schmid 2004, Babonis e Martindale 2014, Kayal et al. 

2018, Matsumoto et al. 2019, D‘Ambra et al. 2021). Os indivíduos do clado Medusozoa 

são conhecidos por apresentarem um padrão de vida metagenético, no qual uma 

infinidade de rotas ontogênicas foi desenvolvida ao longo da evolução, incluindo um 

pólipo semi-séssil que libera uma medusa reprodutiva, livre-natante com alta 

capacidade de dispersão (Bridge et al. 1995, Collins et al. 2009). Os antozoários 

apresentam um modelo diferente, geralmente, a reprodução pode acontecer de forma 

assexuada ou sexuada pelo pólipo semi-séssil; a partir da reprodução sexuada origina-se 

uma plânula (Miller e Ball 2000). Invertebrados da subclasse Zoantharia ainda podem 

exibir ao longo do seu ciclo de vida dois tipos larvais zoanthella (Polak et al. 2011) e 

zoanthina (Ryland 1997), as quais proporcionam uma alta capacidade de dispersão para 

algumas espécies de zoantídeos (Reimer et al. 2014).  Já para a subclasse Ceriantharia, 

atualmente dois padrões de desenvolvimento são conhecidos, um similar ao modelo 

geral exibido por Anthozoa com a presença de uma plânula no ciclo de vida (Nyholm 

1943). O outro é um padrão diferente, com uma larva livre-natante mais parecida com a 

dos meduzoários, denominada cerínula, que pode demorar um tempo considerável na 

coluna d‘água, até 120 dias (Stampar et al. 2015b) ou pode durar um curto período (até 

7 dias) antes de se assentar (Figura 4).  
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Figura 4. Rotas de desenvolvimento de Ceriantharia. Gravura: SN Stampar.  

 

Entretanto, somente cinco espécies de Ceriantharia têm os estágios de 

desenvolvimento descritos. Leloup (1942) descreveu brevemente algumas larvas obtidas 

em distintas regiões do Brasil. O ciclo de vida de Cerianthus lloydii Gosse, 1859 foi 

descrito com base em larvas encontradas no Mar do Norte por van Beneden (1924), o 

autor defendeu que os indivíduos larvais pertenciam à espécie Cerianthus lloydii 

baseado na similaridade das larvas, em um estágio avançado, em relação aos 

organismos adultos. Heime (1854) descreveu o ciclo de vida de Cerianthus 

membranaceus Gmelin, 1791 com larvas que apresentaram incubação, sem plânulas e 

com um estágio larval longo. Nyholm (1943) e Uchida (1979) também descreveram 

estágios de desenvolvimento de Pachycerianthus multiplicatus Carlgren, 1912 e 

Pachycerianthus magnus Nakamoto, 1919 respectivamente e encontraram os mesmos 

padrões, um ciclo larval de curto período, apresentando apenas plânulas. Por fim, 

Stampar et al. (2015b) descreveram o estágio de desenvolvimento de I. nocturnus como 

um ciclo relativamente longo com duração de mais do que 120 dias.  

 

Estudos transcriptômicos em Ceriantharia: expressão diferencial de genes e toxinas 

putativas 

Estudos utilizando a abordagem molecular no intuito de compreender processos 

evolutivos e filogenéticos em Ceriantharia, explorando os marcadores COI, 18S, ITS e 

26S se concentram principalmente no genêro Isarachnanthus (Stampar et al. 2012, 

Stampar et al. 2015b, Stampar e Morandini 2014). Entretanto, um estudo muito 
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abrangente foi conduzido por Stampar et al. (2014) incluindo marcadores mitocondriais 

e nucleares com espécies da família Cerianthidae e Arachnactidae no intuito de entender 

mais abrangentemente o cenário evolutivo para a subclasse.  Nos últimos anos, análises 

sob perspectivas genômica, trascriptômica e proteômica têm se tornado muito 

constantes nos estudos de Cnidaria (Liang et al. 2019, Columbus-Skenkar et al. 2018, 

Walker et al. 2018, Odera et al. 2019). Essas pesquisas têm lançado luz sobre processos 

evolutivos ao longo da história de vida desses invertebrados marinhos e padrões, como 

por exemplo, na expressão gênica e nos perfis de prováveis toxinas, vem sendo 

observados nos clados desse filo (Reyes-Bermudez et al. 2009, Jaimes-Becerra et al. 

2017, Surm et al. 2019).  

Em Ceriantharia, estudos com uma abordagem transcriptômica são escassos, o 

que dificulta a proposição de cenários comparativos com os demais cnidários, bem 

como a compreensão dos genes expressos e suas funcionalidades. Zapata et al. (2015) 

conduziram análises filogenômicas com 15 espécies de diferentes clados de Cnidaria, 

dentre elas um indivíduo de Ceriantharia, no intuito de entender as relações evolutivas 

dos grupos desse filo. Como resultado, devido ao baixo número amostral, Ceriantharia 

assumiu uma posição filogenética instável, a qual acarretou um baixo valor de suporte 

para a monofilia de Hexacorallia (Zapata et al. 2015). Outro estudo filogenômico do filo 

Cnidaria que utilizou uma abordagem transcriptômica, no qual um indivíduo da espécie 

Cerianthus borealis Verril, 1873 foi utilizado, defendeu a monofilia de Anthozoa, com 

Ceriantharia como grupo irmão de Hexacorallia. No intuito de identificar genes 

neuropeptídicos, Koch e Grimmelikhuijzen (2020) analisaram sob uma perspectiva 

genômica e transcriptômica 20 espécies, sendo que a maioria pertencia a subclasse 

Hexacorallia e somente um correspondia à Ceriantharia, Pachycerianthus borealis 

(Verril, 1873). Godoy (2021) propôs uma anotação do transcriptoma da espécie 

Ceriantheomorphe brasiliensis, cujas categorias Gene Ontology mais representadas 

estavam relacionadas a funções moleculares, componentes celulares e processos 

biológicos. Mais recentemente, DeBiasse et al. (2022) analisou os transcriptomas de 26 

antozoários objetivando entender a história evolutiva desse grupo de cnidários a partir 

de uma abordagem filogenômica. Dentre esses antozoários, três espécies eram 

representantes de Ceriantharia, Isarachnanthus maderensis (Johnson, 1861), 

Botruanthus mexicanus Stampar, González-Muñoz & Morandini, 2016 e Arachnanthus 

sp. Os resultados evidenciaram a posição de Ceriantharia sempre como clado irmão de 

algum Hexacorallia.         
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Ceriantharia, assim como todos os demais mebros do filo Cnidaria, secreta 

células urticantes, os cnidócitos, os quais desempenham diversos papeis, dentre eles 

defesa contra predadores, captura de presas e adesão a substratos (Kass-Simon e 

Scappaticci 2002, Fautin et al. 2007, Sunagar et al. 2018). Os cnidócitos estão 

distribuídos ao longo dos tecidos desses indivíduos, podendo variar em sua morfologia e 

abundância (Fautin 2009, Ozbeck 2010). Portanto, os cnidócitos são os responsáveis 

pela produção de compostos venenosos, bem como pela inoculação dessas toxinas nos 

tecidos das presas (Macrander et al. 2016). Recentemente, a abordagem para identificar 

genes que expressam toxinas putativas, no intuito de discutir os processos evolutivos 

por trás dos perfis expressados, bem como a relação das toxinas expressas com a 

funcionalidade do tecido ou da parte corpórea, vem sendo muito aplicada em estudos 

com Cnidaria (Huang et al. 2016, Surm et al. 2019). Em Ceriantharia, o único estudo 

com essa abordagem foi conduzido por Klompen et al. (2020) com quatro espécies, três 

da família Cerianthidae e uma da família Arachnactidae. Nesse estudo, Klompen et al. 

(2020) observou um perfil de toxinas putativas muito similar àqueles já descritos para 

Cnidaria, porém, muitos grupos de toxinas geralmente encontradas em Anthozoa 

estavam ausentes nesses indivíduos ou presentes em pouca abundância.        

 

OBJETIVOS 

Ceriantharia é um grupo ainda pouco explorado em comparação a outros clados 

em Cnidaria. A maioria dos estudos com anêmonas de tubos são muito antigos e se 

sustentavam em descrições de espécies e comparações de caracteres morfológicos. 

Portanto, aspectos básicos inerentes à história evolutiva desse grupo são ainda 

desconhecidos, fator este que vem provocando incongruências nos estudos de 

ceriantários. Nesse sentido, o objetivo geral deste trabalho foi compreender aspectos 

inerentes ao processo de desenvolvimento de espécies da família Arachnactidae. Os 

objetivos específicos foram:  

 

 Discutir a ocorrência de formas larvais de Ceriantharia no norte do Brasil, em 

áreas com influência estuarina com apontamentos sobre dispersão e 

biogeografia da espécie.  

 Registrar a ocorrência do gênero Arachnanthus para o Atlântico Sul com 

registros do ciclo de vida.   
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 Traçar um perfil de toxinas putativas para a fase larval e adulta da espécie 

Arachnanthus sp. 1, bem como apresentar a anotação funcional dos genes 

expressos em cada fase, propondo uma discussão sobre as implicações 

evolutivas dentro de Ceriantharia e em Cnidaria.  
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Abstract 

From the late 1890s to the mid-1900s, descriptions of Ceriantharia species based solely 

on analyses of the larval forms were a common practice. Such approaches resulted in 

taxonomic inconsistencies and an extensive number of species with unreviewed 

descriptions. The present study discusses the taxonomic position of individuals from the 

northern Amazon coast, Brazil, using morphological, molecular and biogeographic data. 

DNA samples of three larvae were collected, the COI marker was amplified, and the 

sequences were analyzed and checked on the NCBI databases. The morphology of each 

larva collected was analyzed and compared with available data. Morphological, 

molecular, and biogeographical evidence led to identification of the the larvae from 

Maiandeua Island (Pará) as Isarachnanthus nocturnus (den Hartog, 1977), which has a 

wide distribution along the Brazilian coast (from southern to northern Brazil) and the 

Caribbean Sea. The records also support the occurrence of the taxa in areas with 

estuarine influence. The larvae from Pará are morphologically similar to Ovactis 

brasiliensis van Beneden, 1897. However, due to inconsistent description performed by 

van Beneden (1897), we suggest that O. brasiliensis be considered a species inquirenda. 

Keywords: Taxonomy. Biogeography. Molecular data. Tube anemones. Life cycle.      
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Introduction 

Studies considering the different developmental stages of Cnidaria have 

demonstrated that individuals from a single species were inadvertently classified as 

different taxa (Goy 1979; Miranda et al. 2010; Rodriguez et al. 2011). Such practices 

lead to taxonomic inconsistencies, which have been observed and reported for 

Medusozoa and Ceriantharia (McMurrich 1893; Collins et al. 2006; Rodriguez et al. 

2011; Stampar et al. 2015). 

The metagenetic life cycle pattern is recognized in Medusozoa, a cnidarian 

group with ~4000 valid species; therefore, organisms with quite different morphological 

structures are expected (Collins et al. 2006; Morandini et al. 2016). However, the same 

scenario is not valid for the Anthozoa, especially for Ceriantharia (~6000 and ~30 valid 

species, respectively). Most taxonomic studies on ceriantharians use two distinct 

classification systems, one based on larval morphology (Sars 1846; Leloup 1964; 

Molodtsova 2004) and another based on polyp morphology (Carlgren 1912; Arai 1965; 

Lopes et al. 2019). The first and earlier system is considered artificial because the larval 

forms were described as species (Sars 1846), based solely on this life cycle stage. This 

practice was quite used between the 19
th

 and 20
th

 centuries, initially by Sars (1846) and 

followed mainly by van Beneden (1897) and McMurrich (1910). Until recently, few 

studies have explored taxonomic issues caused by species descriptions based only on 

Ceriantharia larvae (Nyholm 1943; Rodriguez et al. 2011); as a consequence, 

correspondences between larvae and polyps remain unknown. 

For example, the extensive compilation of ceriantharian species descriptions by 

Carlgren (1912) suggested that the species Arachnactis albida Sars, 1846, described 

based only on larval forms, is the larval morphotype of Arachnanthus sarsi Carlgren, 

1912. However, Carlgren had analyzed only one damaged, young individual. Later, 

Picton and Manuel (1985) reported A. sarsi from the British Isles and defended that A. 

albida and A. sarsi were conspecific based on similarities of the biogeographic pattern 

and morphology of the specimens. Van Beneden (1897) discussed the ineffectiveness of 

attributing generic and specific names to morphotypes for which only one life stage is 

known, mainly when dealing with larvae, because their development is not complete, 

and usually the morphological characteristics undergo changes throughout their life 

cycle. Therefore, the name assigned to determine larvae would not be valid for adult 

individuals. 
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However, van Beneden (1897) himself described Ovactis brasiliensis based on 

the observation of 43 larvae collected between the north and northeast Brazilian coast 

during a plankton expedition of the Humboldt Foundation in 1889. Although van 

Beneden (1897) recognized the larval identity of these specimens, his observation of 

gonadogenic material in mesenteric tissues led to the hypothesis of the existence of 

holoplanktonic species in Ceriantharia. Some authors have already addressed the issue 

with theoretical (Molodtsova 2004; Stampar et al. 2016) and empirical (Stampar et al. 

2015) discussions. Notwithstanding, no planktonic material with developed gonads has 

been studied enough to allow comparison with already described species. Until today, 

the use of planktonic stages in the taxonomy of Ceriantharia has caused confusion in the 

identification patterns and an extensive list of species described (Stampar et al. 2015), 

which have been affected studies on ceriantharian biodiversity and induced problems in 

the identification of endangered species (MMA 2004; Stampar et al. 2010; Donaldson et 

al. 2016). According to Rodriguez et al. (2011), these are current scenarios that demand 

a thorough and exhaustive review of the taxonomy of this group. 

Recently, some ceriantharian larvae were collected in Maiandeua Island, Pará 

State, on the Brazilian Amazon coast. This northern region, which occupies around 35% 

of the country‘s coast, shelters ecosystems such as mangroves, vegetated dune-beach 

ridges, rocky outcrops, and channels, which are influenced by tide and seasonal effects 

(Maués et al. 2011; Pedrini et al. 2021) and climate conditions induced by the 

intertropical convergence zone (Vieira et al. 2013; Nittrouer et al. 2021). The Amazon 

coast is divided into two zones: (1) from the west of the Amapá state to the Guianas 

coast and (2) from the east of Pará to the Maranhão state (Dominguez 2009). Maiandeua 

Island, which is located in the second zone, is over 600 ha and is located in the 

Algodoal - Maiandeua Environmental Protection Area. The present study discusses the 

taxonomic position and relevant nomenclatural aspects of ceriantharian larvae found on 

the Brazilian Amazon coast based on molecular, morphological, and biogeographic 

data. 

 

Material and methods 

 

Specimens 

During October 20, 2018 (dry season), three larva specimens were collected by 

trawling a plankton net with 68-µm mesh in mangrove channels of Maiandeua Island, 



32 
 

Pará, Brazilian Amazon coast (between 0°35'8.40"S – 47°33'36.41"W and 0°36'7.77"S 

– 47°33'43.08"W), with salinity of 34.1

/, 27.8ºC temperature and 2–3 m depth. The 

larvae were preserved in 95% ethanol for molecular and morphological analyses. The 

map of the current distribution of the species was performed using QGIS 3.16.0 

software. 

 

Molecular analysis 

DNA was extracted from the two larvae using InstaGene (Bio-Rad), and 

molecular analysis was performed based on amplification via polymerase chain reaction 

(PCR) of a partial sequence of the cytochrome C oxidase subunit I (COI) gene, using 

the primers LCO1490 (forward, 5‘ – GGTCAACAAATCATAAAGATATTGG – 3‘) 

and HCO2198 (reverse, 5‘ – TAAACTTCAGGGTGACCAAAAAATCA – 3‘) (Folmer 

et al. 1994, following the PCR protocols described in Stampar et al. 2012). PCR 

products were purified with AMPure® kit (Agencourt®), and subsequently, BigDye® 

Terminator v3.1 kit (Applied Biosystems) was used to prepare both DNA strands for 

Sanger sequencing, with similar conditions of the PCR reaction. Sequences were 

checked (e.g., QC quality, no-double peaks allowed) and assembled in Geneious version 

5.4.4 (Kearse et al. 2012). The alignment was performed using the multiple sequence 

alignment algorithm available in MUSCLE (Edgar 2004), maintain default parameters. 

The BLASTn tool of the NCBI nucleotide database (GenBank) was used to search for 

the most similar COI sequences to those generated from our analysis and calculate the 

similarity values between them. The phylogenetic inference by maximum likelihood 

method was performed in RAxML (Randomized Axelerated Maximum Likelihood; 

Stamatakis 2014), using 500 replicates and applying the general time-reversible model 

and gamma-distributed rate variation (GTR+GAMMA). 

 

Morphological analyses 

Morphological studies were based on the internal and external anatomy of the 

three larvae according to the criteria adopted by van Beneden (1897) and Stampar et al. 

(2015). Each larva was longitudinally dissected using surgical scalpels, and a general 

description of the body parts was carried out. 
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Results  

 

Morphological description of larvae from Pará 

Larval bodies cone or ovoid-shaped, translucent, measuring between 

approximately 0.85 and 0.9 cm. Mouth in the middle of the oral disc, surrounded by 

four and seven labial tentacles small, thin, and light-colored. Ten and 15 marginal 

tentacles, thin and transparent through their length with thicker and brownish tips. 

Pharynx region visible (Figure 1). Column elongated, light brown. Presence of 

hyposulci and hemisulci. Gastrovascular cavity with about six distinct sterile 

mesenteries; among them, one pair of directive mesenteries and acontioids at the end of 

meta-mesenteries.  

 

 

Figure 1. Larval specimens found in Maiandeua Island, the state of Pará, in 2018. 

Green arrow: mesenteries; red arrow: pharynx region, yellow arrow: labial tentacles and 

white arrow: marginal tentacles. Scale bar A and B: 0.2 cm. 

 

Molecular identification of larvae from Pará 

Comparative analyses based on DNA barcoding region (COI) (GenBank 

ON751980 and ON751981) revealed that sequences from the Pará larvae were rather 

similar to those obtained by Stampar et al. (2015) and Stampar et al. (2012) for 

Isarachnanthus spp. (Table 1). The maximum likelihood phylogenetic reconstruction 

using COI sequences from individuals of the genus Isarachnanthus and the Pará larvae 

resulted in three clades (Figure 2). One clade (green) comprises Isarachnanthus 

nocturnus (den Hartog, 1977), registered on the Brazilian coast and the Caribbean Sea 

(see discussion in Stampar et al. 2012), and Pará larvae; the other two clades include 

Isarachnanthus maderensis (Johnson, 1861) (yellow) and Isarachnanthus sp. (blue). 
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The genetic distances between the putative species ranged from 3 to 10%; the 3% 

divergence refers to the distance between the specimen from the Pacific Ocean, 

probably Isarachnanthus panamensis Carlgren, 1924, and Isarachnanthus maderensis. 

The estimated divergence value between sequences of the larvae from Pará and 

Isarachnanthus nocturnus was 1 to 2%. Therefore, we identified the larval specimens 

from Pará as I. nocturnus.  

 

Table 1. Pairwise distances between the COI barcoding region of species used in this 

study.  

 Pará larvae Isarachnanthus 

nocturnus 

Isarachnanthus 

maderensis 

Isarachnanthus sp. 

Pará larvae  0.018-0.021 0.091-0.098 0.083 

Isarachnanthus 

nocturnus 

0.018-0.021  0.094-0.102 0.087-0.090 

Isarachnanthus 

maderensis 

0.091-0.098 0.094-0.102  0.029-0.036 

Isarachnanthus sp. 0.083 0.087-0.090 0.029-0.036  

 

Taxon delimitation 

The morphological and molecular data indicated that the larvae from Pará 

analyzed in this study matched with I. nocturnus. Based on morphological analyses and 

comparison with previous literature, probably, larvae from Pará were also corresponded 

to Ovactis brasiliensis. However, the description of the species performed by van 

Beneden (1897) is simple and there was no mention of the deposit of material in the 

original description. Thus, it was not possible to access the larvae studied by van 

Beneden for comparison. Studies to identify the validity of Ovactis brasiliensis are not 

feasible due the simple description based only on larva‘s morphology and the lack of 

available holotypes.   

Based on this scenario, we propose that:   
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– The Pará larvae corresponded to Isarachnanthus nocturnus, according to 

morphological and molecular data; 

– the larvae of the I. nocturnus occurs in estuarine environments; 

– the Pará larvae presented morphological characters similar to those described 

by van Beneden (1897) for Ovactis brasiliensis, thus we propose a nomenclatural 

arrangement following the ICZN (see below). 

 

Figure 2. Phylogenetic reconstruction based on maximum likelihood for species of the 

genus Isarachnanthus using the COI molecular marker. Scale: 0.02. 

 

Distribution  

The data obtained in this study indicate that I. nocturnus can occur in 

environmental conditions quite different from those previously described, which were 

restricted only in exclusively marine areas with little or no influence from estuarine 

areas. The present record indicates the feasibility of the species occurrence in areas with 

significant freshwater influence. The larvae were collected in an environment with 

salinity of 34.1

/ and 27.8 ºC and 2–3m depth in mangrove channels; the substrate 

from this locality was composed of mud. 
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Discussion 

 

Comparative analysis of larvae 

The analyses of the three planktonic specimens revealed similar morphological 

characteristics (e.g., ten to 15 marginal tentacles, presence of acontioids, and length of 

the larvae) to those described by van Beneden (1897) in the diagnosis of O. brasiliensis 

(Table 2). However, it was not possible to analyze the larvae collected by van Beneden 

(1897) and to propose the reallocation of the Ovactis brasiliensis to a valid taxon is 

difficult. On the other hand, the existence and use of the species only based on the 

limited morphological description of the larval forms, with no mention to the type 

material, affect the studies and knowledge of the biodiversity of the Ceriantharia. 

Additionally, comparative molecular and morphological studies suggest a more 

comprehensive and complex scenario, with the Pará larvae also similar to those 

described by Stampar et al. (2015) as I. nocturnus (Table 2). 

 

Table 2. Compilation of morphological characteristics from Pará specimens, larvae 

description of Ovactis brasiliensis by van Beneden (1897) and of Isarachnanthus 

nocturnus larvae by Stampar et al. 2015. Abbreviations: DM, directive mesenteries; 

PM, protomesenteries.  

Body parts 

 

 

 

Marginal tentacles 

Isarachnanthus 

nocturnus 

Ovactis brasiliensis Pará larvae 

Initial larvae: 4 to 9 

tentacles. After 40 to 45 

days: around 16 

tentacles. Color: 

translucent, short and 

thin. Thicker and darker 

tips. 

 

Larvae with 10 to 12 

tentacles. At the 

beginning, present only 

a type of protuberance. 

Late growth of the 

median tentacle 

(directive tentacle). 

10 to 15 tentacles. 

Color: translucent and 

more rounded and 

darker tips. 

Labial tentacles After 40 to 45 days: 

around 7 tentacles. 

 

Late development. 4 to 7 tentacles. 

Mouth Slit shape and is in the 

central part of the oral 

disc. 

Actinostome (mouth) in 

slit, rounded and broad 

shape. Localization: mid 

of peristome – (region 

between oral disc). 

 

Protruding, slit shape 

and located in the 

middle of the oral disc. 

Pharynx Partially visible through 

the transparent body. 

Four sarcocepts 

(mesenteries) inserted in 

the actinopharinx. The 

mesenteries scheme 

represents what would 

be a siphonoglyph and 

Quite visible through the 

translucent body. 
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one pair of DM 

connected to it; 

however, the term is not 

mentioned in the text. 

 

Gastrovascular cavity Partially translucent. 

Full of parenchymal 

cells and, with time, 

open space to the 

mesenteries. 

 

No information. Visible along the body. 

Occupied by few 

mesenteries. 

Column After 5 to 10 days: 

rounder column. 

Afterward, the column 

presented a more 

elongated shape and 

color close to brown. 

Thickness of the 

components‘ structures: 

Endoderm = 0.12 mm, 

Mesoderm = 0.20 mm, 

Muscular base. = 0.25 

mm, 

Nervous base. = 0.08 

mm, 

Epithelioid base. = 0.35 

mm. 

 

Elongated and brownish 

column. 

Mesenteries Sterile mesenteries. DM 

and the first pair of PM 

partially visible through 

the translucent body. 

After 20 to 25 days: 

other mesenteries were 

visible. 

Twenty-one sarcocepts 

(mesenteries), some with 

mesenteric filaments. 

Presence of the DM 

connected to a supposed 

siphonoglyph 

(represented in the 

mesenteries scheme). 12 

sarcocept reach the total 

body length. Fertile 

sarcocept. 

 

  

Around six sterile 

mesenteries visible 

through the translucent 

body. MD distinct. 

Acontioids Larvae present 

acontioids at the second 

pair end of meta-

mesenteries after 20 

days. 

 

Acontium (acontioids) at 

the mesenteries. 

Present at the second 

pair meta-mesenteries 

end. 

Color and shape of the 

body 

Round or conical shape. 

Initial larvae were 

translucent and 

exhibited white color 

after 20 to 25 days. 

 

 

Larvae length: 7.5 to 

9.3mm. Color: opaque, 

white, or yellowish. 

Body with ovoid and 

elongated shape, swollen 

on the aboral region. 

Cone/ovoid shape. 

Color: translucent. 

Nematocysts (cnidae)  No information. Two unspecified types. 

However, the 

description of structures 

suggests a reference to 

spirocyst and 

mastigophore types.  

No information.  

 

The estimation of divergence found between sequences of the Pará larvae and 

Isarachnanthus nocturnus ranged from 1 to 2%, which is larger than the intraspecific 

variation found by Stampar et al. (2012) for species of the genus Isarachnanthus. 
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Despite the small sample number analyzed, the finding can indicate intraspecies genetic 

variability, probably due to some restriction of the genetic flow related to the 

environmental conditions from the Amazon waters and those usually experienced by I. 

nocturnus. Further studies are needed to unravel this issue. However, it is relevant to 

consider that Ceriantharia exhibits a rate of interspecific genetic divergence distinct 

from the pattern of a slow rate of mitochondrial evolution observed in Anthozoa 

(Hellberg 2006; Huang et al. 2008; Daly et al. 2010). The genetic separation using a 

molecular marker like COI is visible between closely related species, e.g., the estimated 

distances between I. nocturnus and I. maderensis was 9% for the COI marker, even with 

both species sympatrically distributed in the Caribbean Sea (Stampar et al. 2012). 

Therefore, the data do not provide enough evidence to separate I. nocturnus from Pará 

larvae as distinct species.  

The distance from the type locality (van Beneden, 1897) to the current one is 

relatively small — about 600 km — considering the high mobility under the water 

column that planktonic larvae like I. nocturnus performs. Larvae of I. nocturnus exhibit 

a comparatively long planktonic stage, spending up to three months in the water column 

and they are able to drift approximately 2000 to 4000 km along the coast (Stampar et al. 

2015). The North Brazil Shelf is characterized by river outflow and considerable 

physical disturbance due to sediment discharge and deposition. The seabed with a depth 

up to 30 m consists mainly of a muddy bottom with sand and a mix of sand and mud, 

while a mix of gravel and sand prevails in the deeper waters (Isaac and Ferrari 2017). 

There are records of the ceriantharians at a variety of depths (e.g., shallow waters – ~1 

m depth – on the Singapore coast and deep waters – 40 m depth – on the Brazilian 

coast) and different substrata, for instance muddy, sand with thicker and finer grains and 

sand with fragments of mollusk shell (Ceriello et al. 2020). Isarachnanthus nocturnus 

was found by den Hartog (1977) on a sea bottom composed of sand, gravel, shells, and 

dead corals in Curaçao. However, so far, there are no records of ceriantharians 

individuals in estuarine areas. Nevertheless, this scenario corroborates Stampar et al. 

(2012)‘s observations that I. nocturnus occurs throughout a wide environmental 

gradient. 

 

Life cycle aspects and distribution 

The data obtained in this study suggest that larvae of I. nocturnus can occur in 

areas with significant freshwater influence, unlike those described earlier (Stampar et al 
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2015). Besides that, our data provide additional support to the hypothesis proposed by 

Stampar et al. (2012), in which the Amazon coast is not a limiting factor for the 

distribution of I. nocturnus, at least during the larval stages. 

Isarachnanthus nocturnus is recorded on the west coast of the Atlantic Ocean, 

from Santa Catarina state to Pernambuco state, as well as on the Caribbean Sea 

(Stampar et al. 2012). The presence of putative species in the Pará (larvae of this study) 

and Fernando de Noronha regions (Ovactis brasiliensis by van Beneden, 1897) would 

be biogeographically explainable based on the sea current movements, the Brazilian and 

the North Brazilian currents, and their environmental conditions, such as salinity and 

temperature, which have low regional variation (Silveira et al. 1994; Leão and 

Dominguez 2000; Soutelino et al. 2011; Dias et al. 2013). In addition, biological and 

behavioral traits of I. nocturnus larvae certainly contribute to the dispersal potential, 

such as the type of yolk involved in the fluctuation behavior, oral disc toward to bottom, 

swimming behavior near the water surface, and metachronous movement exhibited by 

tentacles (Stampar et al. 2015). Thus, the new record of the I. nocturnus in northern 

Brazil supports previous reports related to the continuous distribution and connectivity 

throughout the Brazilian coast and the Wider Caribbean Region (Figure 3), reinforced 

here by new biological evidence. Besides the biogeographical connectivity between the 

areas identified by van Beneden (1897) and Algodoal Island, we are not able to claim 

the similar identity of O. brasiliensis and I. noctunus (include the Pará larvae) due the 

impossibility to access the larvae analyzed by van Beneden (1897). The description of 

O. brasiliensis did not mention in which institution the specimens were deposited, 

which impedes analysis of these larvae. Therefore, considering the implications for 

studies on Ceriantharia, we propose a new nomenclatural act concerning O. brasiliensis. 

 

Nomenclatural act 

We propose Ovactis brasiliensis van Beneden, 1897 to be considered as a 

species inquirenda according to rules of the International Code of Zoological 

Nomenclature (ICZN 199). Although the Pará larvae present morphological characters 

similar to O. brasiliensis and there is a relative short distance between distribution 

points (Fernando de Noronha and Amazon Coast), the description performed by van 

Beneden (1897) is inadequate, for the following reasons: i) the binomen Ovactis 

brasiliensis was proposed only based in the morphology of the larvae and van Benenden 

(1897) suggested it to be used only for larval individuals; ii) there is no mention of 
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where the material studied was deposited and therefore, the larvae cannot be analyzed 

again and compared with other ceriantharian larvae; iii) the description of O. 

brasiliensis is poor; and iv) the descriptions based only on morphology of the larvae 

generate a long list of ceriantharian species, while the validity of most of them cannot 

be verified, hence affecting the knowledge about the diversity of this subclass. 

 

 

Figure 3. Map of current distribution of the Isarachnanthus nocturnus from Atlantic 

Ocean. Purple circles: South America coast; yellow circles: occurrences of O. 

brasiliensis by van Beneden (1897), red circle: occurrence area of the Pará larvae from 

North of Brazil; gray circles: I. nocturnus from Central and North America. Map 

generated from QGIS 3.16.0 software.  
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Abstract 

Background. Ceriantharia is a subclass of the phylum Cnidaria, which comprises tube-

dwelling marine invertebrates. This subclass is composed of three families, including 

Arachnactidae, with two known genera. Currently, the genus Arachnanthus has five 

valid species recorded from Australia, the Mediterranean Sea and both the Southern and 

Northern Pacific Ocean. However, at the moment, there is no record of organisms of 

this family from the South Atlantic Ocean. Besides that, the life cycle of any species of 

the genus Arachnanthus is known. The present study describes a new species of the 

genus Arachnanthus and its life cycle, based on specimens from Uruguay and South of 

Brazil. 

Methods. Larvae were collected by plankton net in Rio Grande – Brazil and the 

development and external morphology of these specimens were observed in the 

laboratory during two years, and subsequently described. Additionally, nine adult 

ceriantharians correspondent to the larvae from Rio Grande were collected in Uruguay 

and their external and internal anatomies, and cnidome were described.  

Results. The new species of the genus Arachnanthus exhibited a free-swimming, short-

lived cerinula larvae that spent short-time on the plankton and develop into  small and 

translucent polyps with a short actinopharynx, one pair of mesenteries attached to a 

siphonoglyph, and a medium first pair of metamesenteries. Further, the adult polyp 

displayed an unprecedented locomotion behavior in Ceriantharia that is first reported 

here, it can crawl under and in between the sediment. 

Keywords. Tube-dwelling anemones. Taxonomy. Temperate South America. 

Evolution. Life cycle. 
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Introduction 

Ceriantharia is a small subclass of the class Anthozoa, commonly known as 

tube-dwelling anemones, which includes about 54 valid species (Stampar et al., 2020). 

Ceriantharians are morphologically distinguishable from other anthozoans by 

synthetizing a type of cnida, the ptychocyst, a unique feature of the group (Mariscal et 

al., 1977). Tube-dwelling anemones exhibit two ranks of external and internal tentacles, 

the marginal and labial tentacles respectively (Carlgren, 1912), and pores may are 

throughout this structure (van Beneden, 1924; Lopes et al., 2019). The organization of 

mesenteric filaments is also different in Ceriantharia, the trilobed shape of the filaments 

is uncertain; and new mesenteries emerge from the multiplication chamber (Stampar et 

al., 2016).  

Moreover, ceriantharians have some distinct behavioral mechanisms from the 

other anthozoans; such as the building of a soft, mucous tube around the column (Child, 

1908; Tiffon, 1987; Stampar et al., 2015a) important for their protection. So far, it is 

unknown if after the tube construction for any reason ceriantharians leave their tubes 

and crawl over the substrata. Tube-dwelling anemones can develop the following two 

patterns: i) one more similar to the other Anthozoa, with the presence of a planula larva 

(Nyholm, 1943; Uchida, 1979) and, ii) the another, without the planula larva, but with 

the presence of a free-swimming larva, the cerinula, which can remain in the water 

column for up to 120 days (Stampar et al., 2015b), which is a unique arrangement 

among anthozoans. However, this general mechanism of the subclass is based only on 

some individuals, mainly of the family Cerianthidae Milne Edwards & Haime, 1851. 

Since the proposal of den Hartog (1977), Ceriantharia is defined in two groups, 

Spirularia and Penicillaria, based on the composition of the cnidome (presence or 

absence of penicilli), arrangement of mesenteries (quartets or duplets), size of the 

hyposulcus, and presence or absence of acontioids and craspedonemes. Three families 

are known in Ceriantharia, Cerianthidae and Botrucnidiferidae Carlgren, 1912 that 

compose Spirularia, and Arachnactidae McMurrich, 1910 belonging to Penicillaria 

(Stampar et al., 2020), although it seems to be an underestimated number, as many 

taxonomic issues are observed between families of this subclass, which need an 

extensive revision (see Stampar et al. 2020). The Arachnactidae family is distinguished 

from the others by the arrangement of mesenteries in duplets (metamesenteries and 

betamesenteries), long hyposulcus and presence of acontioids (Carlgren, 1912; den 

Hartog, 1977); and it is composed of two genera: Arachnanthus Carlgren, 1912 and 
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Isarachnanthus Carlgren, 1924, the latter widely studied (Molodtsova, 2003; Stampar et 

al., 2012; Stampar et al., 2015b), unlike the former. The taxonomic history of 

Ceriantharia is full of inconsistencies, mainly in the family Arachnactidae. One of the 

incongruences was the description of species based solely on the morphology of larval 

forms even with little knowledge about the life cycle of ceriantharians and their 

patterns, which is currently still reflected in taxonomic studies and biodiversity 

estimates (Sars, 1846; Molodtsova, 2004). 

 The effectiveness of the approaches that consider only morphological characters 

of the ceriantharians in the larval stage is questionable, because they do not address the 

enormous phenotypic variation of the adult specimens already recognized for the group 

(Heime, 1854; van Beneden, 1924; Nyholm, 1943; Uchida, 1979; Stampar et al., 

2015b), such as the distinct mesenteric arrangement, the length of the protomesenteries, 

and the presence of directive tentacle, among others (Carlgren, 1912; Lopes et al., 

2019). Furthermore, this approach does not use development data under an evolutionary 

perspective (eg. Stampar et al., 2015b; Lopes et al.,in preparation). 

The knowledge about the genus Arachnanthus is quite scarce; the clade has five 

valid species described that are represented by short organisms (2.5 to 4.2 cm) with 

translucent body and nocturnal habits (Carlgren, 1912; Carlgren, 1937). Besides that, 

these specimens use the tubes as hiding places and quickly contract the entire body into 

it in response to any risk (personal observation from CLS and SNS). Consequently, 

sampling of these ceriantharians is very difficult (den Hartog, 1977; Stampar et al., 

2018), which reflects the limited knowledge about systematics, developmental stages, 

evolutionary and ecological processes of the genus Arachnanthus (see Picton and 

Manuel, 1985; Carlgren, 1912; Molodtsova, 2004). The genus exhibits a wide 

distribution, ranging from the South of Red Sea (Stampar et al., 2018), Australia 

(Carlgren, 1937), North Sea (Carlgren, 1912) and South and North Pacific Ocean 

(OBIS, 2022). Until the present day, there is no record of the genus Arachnanthus to the 

Southwestern Atlantic Ocean and there is no study published about the life cycle, 

behavior and tube construction of this genus. Based on this scenario, we present the 

description of a new species of the genus Arachnanthus from the Southwestern Atlantic 

Ocean (Brazil and Uruguay), a description of its life cycle, based on wild collected 

planktonic larvae, and we record a new behavior of locomotion to a species of 

Ceriantharia. 
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Materials & Methods 

 
"The electronic version of this article in Portable Document Format (PDF) will 

represent a published work according to the International Commission on Zoological 

Nomenclature (ICZN), and hence the new names contained in the electronic version are 

effectively published under that Code from the electronic edition alone. This published 

work and the nomenclatural acts it contains have been registered in ZooBank, the online 

registration system for the ICZN. The ZooBank LSIDs (Life Science Identifiers) can be 

resolved and the associated information viewed through any standard web browser by 

appending the LSID to the prefix http://zoobank.org/. The LSID for this publication is: 

[urn:lsid:zoobank.org:act:BD7C4EEF-670F-4B18-9BC1-70FA1C9895B8]. The online 

version of this work is archived and available from the following digital repositories: 

PeerJ, PubMed Central SCIE and CLOCKSS." 

 

Sampling of specimens 

Hundreds of larvae were collected with the aid of a plankton net (mouth opening 

of 60 cm and mesh size of 300µm) during winter (June to September) and summer 

(December to March) seasons of 2017 and 2018. Collection was conducted on the surf 

zone of the Cassino Beach, close to the mouth of the Patos Lagoon estuary, in  Rio 

Grande, Rio Grande do Sul State, extreme south of Brazil (between 32º 16‘ to 32º 22‘S, 

and 52º 18‘ to 52º 19‘W). Nine adult specimens were collected during an expedition of 

the Aldebaran and Miguel Oliver ships between 1995 and 2010, using a Mega Box 

Corer in Uruguay throughout the summer (December to March), on the boundary of the 

continental shelf at 239 and 248 m depth (between 35º 56‘ 24‘‘S and 53º 2‘ 20‘‘W; 36º 

9‘ 46‘‘S and 53º 18‘ 43‘‘W). Eight of these specimens were preserved in 95% ethanol, 

and another was stored in formalin. All preserved adult ceriantharians from this study 

are deposited at the Zoology Museum of the USP - Brazil (MZUSP) and  National 

Natural History Museum, Montevideo – Uruguay (MNHNM). Field collections were 

approved by Instituto Chico Mendes de Conservação da Biodiversidade – ICMBio and 

Sistema de Autorização e Informação em Biodiversidade – SISBIO (project number: 

72673-1).  
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Larval and adult rearing 

Five larvae were maintained in a small aquarium (15 cm length X 10 cm width) 

with surface aeration and water circulation system. The water salinity and temperature 

were maintained between 30 to 34 and 22 to 26ºC, respectively, following ambient 

values we had measured in the field. The bottom was covered with a thin (~ 3 cm) layer 

of sediment composed of sand and mollusk shells. The larvae were fed daily with newly 

hatched nauplii of Artemia sp. The development, including larval growth and settlement 

and adult growth, were filmed using a camera Sony HandyCam DCR-SR and described. 

After metamorphosis, three polyps were kept alive during two years and the behavior 

and morphological development was observed and described. Other larvae and adults 

were preserved to further analyses.  

 

Morphological analysis 

The external morphology of the larvae along with the development was 

described (following Stampar et al., 2015b). The morphological and cnidome studies of 

nine adult specimens were based on criteria adopted by Carlgren (1912) and Stampar et 

al. (2018). All adult ceriantharians were longitudinally dissected along the ventral side 

using surgical scalpels and a thorough study of each party of the animal‘s body was 

performed under stereomicroscope. Protomesenteries/directive mesenteries, 

metamesenteries and betamesenteries were measured, and the proportion occupied by 

these mesenteries in the gastrovascular cavity was calculated (see: Lopes et al., 2019). 

The internal anatomy of the adult specimens described  in this study was compared with 

the available literature (Cerfontaine,1891; Carlgren, 1912; Carlgren, 1924; Carlgren, 

1937; Stampar et al., 2018). Pseudocycles of the marginal and labial tentacles were 

verified considering the position of the tentacles in relation to the siphonoglyph 

(Carlgren 1912). The number between parentheses means absence (0) or presence (1) of 

the directive labial tentacles. Subsequent numbers means the position of the tentacles.   

The cnidome analyses were performed from measurements (length and width) of 

30 undischarged capsules of each type of cnida from each body part (tip of labial and 

marginal tentacles, actinopharynx, column, betamesenteries and metamesenteries) of the 

holotype and two paratypes (MZUSP 8727 and MNHNM 4299). Cnidae were 

visualized using Nikon Eclipse E200 microscope at 40X magnification and the 

photographs and measurements were carried out with Motic Images Plus 2.0 software. 

We followed the classification and nomenclature of the cnidae proposed by Mariscal 
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(1974) and Stampar et al. (2018) with slight modifications. The distinction between 

types of cnidae was performed according to i) size, shape and morphology of 

undischarged capsules; ii) shape of shaft; and iii) proportion occupied by shaft in the 

capsule.  

During the collection, one adult specimen was separated and anesthetized using 

a solution of 5% MgCl2 with sea water. Posteriorly, this ceriantharian was preserved in 

formalin 10% with sea water (Spano and Flores 2013). The specimen was dehydrated, 

incorporated in paraffin and histological sections of 6-10 µm were performed and 

stained with hematoxylin-eosin (Estrada et al. 1982).    

 

Results 

 

Systematics  

Phylum Cnidaria Verrill, 1865 

Class Anthozoa Ehrenberg, 1834 

Subclass Ceriantharia Perrier, 1893 

Suborder Penicillaria den Hartog, 1977 

Family Arachnactidae Carlgren, 1912 

Genus Arachnanthus Carlgren, 1912 

 

Diagnosis. Arachnactidae with sterile protomesenteries, mesenteries grouped in duplets 

(M and B), long metamesenteries (M) fertile (presence of gametogenic tissue) and with 

a double mesenteric filament, short betamesenteries (B) sterile, with single, convoluted 

mesenteric filament; very long stomodeum; lacking a directive labial tentacle; cnidome 

with p-mastigophores and b-mastigophores (after Carlgren, 1912; 1924; 1937; den 

Hartog, 1977). 

Type species. Cerianthus oligopodus Cerfontaine, 1891 (see: Stampar et al. 

2020). 

 

Valid species  

Arachnanthus oligopodus (Cerfontaine, 1891) 

Arachnanthus sarsi Carlgren, 1912 

Arachnanthus bockii Carlgren, 1924 

Arachnanthus australiae Carlgren, 1937 
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Arachnanthus lilith Stampar & El Didi, 2018 

 

Arachnanthus errans sp. nov. 

Distribution of Arachnanthus errans sp. nov. Southwestern Atlantic Ocean (Brazil − 

Rio Grande do Sul − and Uruguay) 

 

Arachnanthus errans sp. nov.  

Zoobank link: urn:lsid:zoobank.org:act:BD7C4EEF-670F-4B18-9BC1-70FA1C9895B8 

(Figs. 1-6, Table 1-3) 

 

Material examined (nine specimens, Fig. 1). Holotype: MNHNM 4296 • adult 

individual, 2.84 cm long and 0.58-0.77 cm wide, Uruguay (124 m depth − 36º 26‘S, 53º 

54‘W − salinity and temperature 33.7 and 7.2 respectively), M. Barona collector 

(07/x/1995) (R/V Aldebaran Cruise 9508 st.34). Paratypes: MZUSP 8727 • adult 

individual, 1.92 cm long and 0.1-0.2 cm wide, Uruguay (239 m depth − 36º 9‘ 46‘‘S, 

53º 18‘ 43‘‘W), Alvar Carranza collector (04/ii/2010); MZUSP 8728 • damaged adult 

individual (tissue of body slightly torn vertically), ~1.54 cm long and 0.38 cm wide, 

Uruguay (248 m depth − 35º 56‘ 24‘‘S, 53º 2‘ 20‘‘W), Alvar Carranza collector 

(01/ii/2010); MZUSP 8729 • adult individual, 1.85 cm long and 0.50 cm wide, Uruguay 

(239 m depth − 36º 9‘ 46‘‘S, 53º 18‘ 43‘‘W), Alvar Carranza collector (04/ii/2010); 

MZUSP 8730  • damaged adult individual (tissue of body slightly torn vertically), 2.01 

cm long and 0.39 cm wide (the width was measured at the height of actinopharynx), 

Uruguay (248 m depth − 35º 56‘ 24‘‘S, 53º 2‘ 20‘‘W), Alvar Carranza collector 

(01/ii/2010); MZUSP 8731 • damaged adult individual (harmed marginal tentacles; 

some of them was squashed and lost during collection), 1.38 cm long and 0.33-0.40 cm 

wide, Uruguay (239 m depth − 36º 9‘ 46‘‘S, 53º 18‘ 43‘‘W), Alvar Carranza collector 

(04/ii/2010); MNHNM 4297 • damaged adult individual (tissue of body torn vertically), 

3.07 cm long and 0.38 cm wide, Uruguay (239 m depth − 36º 9‘ 46‘‘S, 53º 18‘ 43‘‘W), 

Alvar Carranza collector (04/ii/2010); MNHNM 4298 • damaged adult individual 

(tissue of body torn vertically), ~1.89 cm long, Uruguay (239 m depth − 36º 9‘ 46‘‘S, 

53º 18‘ 43‘‘W), Alvar Carranza collector (04/ii/2010); MNHNM 4299 • adult 

individual, 5.2 cm long and 0.32-0.59 cm wide, Uruguay (248 m depth − 35º 56‘ 24‘‘S, 

53º 2‘ 20‘‘W), Alvar Carranza collector (01/ii/2010). 
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Diagnosis. Small ceriantharian with short actinopharynx and hyposulcus. One 

pair of mesenteries connected to a siphonoglyph, the short directives mesenteries – DM 

(Fig. 1c-d), second pair of protomesenteries (P2) long range half of gastrovascular 

cavity length. First pair of metamesenteries (M1) smaller than gastrovascular cavity 

length. Acontioids on second, third and fourth pair of metamesenteries (M2, M3 and 

M4), Cnidome (Fig. 2) of spirocysts, microbasic b-mastigophore (two types), 

holotrichous, atrichous and ptychocysts (Table 1).  

 

 

Figure 1. Specimens analyzed in this study. a: color pattern of live ceriantharian's 

holotype tentacles after collection. Scale bar: 0.5 cm; b: live ceriantharians after 

collection. Scale bar: 0.5 cm; c: histological section of the pharynx region, the arrows 

indicate the siphonoglyph and pair of mesenteries connected to it; d: directive 

mesentery attached to a siphonoglyph; e: holotype ventraly dissected. Scale bar: 0.8 cm; 

f: preserved paratypes and other ceriantharians of the same species stored in ethanol 

90% to analysis. Scale bar: 0.3 cm. 

 

Distribution. Currently only recorded from Southwestern Atlantic- Brazil, Rio 

Grande do Sul State and Uruguay (Fig. 3). The adults were only found between 124 m 

to 248 m depth. Larvae were collected only during the day. 
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Etymology. The specific name ―errans‖ is related to the remarkable locomotion 

behavior in the adult phase, in which specimens frequently leave the tube and move 

under and in between substrates.  

 

Figure 2. Cnidome at 100X magniûcation of three adult specimens of A. errans sp. 

nov.: holotype, paratypes MZUSP 8727 and MNHNM 4299. a: early stage of 

microbasic b-mastigophore type I; b: late stage of microbasic bmastigophore type I; c: 

early stage of microbasic b-mastigophore type II; d: late stage of microbasic b- 

mastigophore type II; e: microbasic b-mastigophore type III; f: spirocyst; g: Atrichous; 

h: Ptychocyst, i: Holotrichous. Scale bar: 10µm. 

 

Live color. Translucent body and light brown column along body length, 

transparent marginal tentacles with brown tips, brownish base between marginal 

tentacles. Labial tentacles whitish with the basal part brown, surrounding the white oral 

disc (Figs 1a-b and 4c).  

Description of holotype. (MNHNM 4296 – Fig 1a, e). Small hermaphrodite 

ceriantharian with 2.84 cm long and 0.77 wide (width measured at the height of the 

actinopharynx)  0.58 cm wide (width measured at the height of the initial part of the 

gastrovascular cavity = GC). Approximately 15 marginal tentacles arranged in one 

pseudocycle (0)1.21.21.11.11…, pores following a horizontal line along tentacles 

length. 11 labial tentacles with 0.13 cm long arranged in one pseudocycle 

(1)1.11.11.11…, directive tentacle present. Small actinopharynx, 0.17 cm long and 0.77 

cm wide, occupies 5.9% of total body length, siphonoglyph elongated, 0.21 cm long and 

0.13 cm wide, one pair of mesenteries attached to siphonoglyph. 
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Table 1. Measurements of 30 undischarged capsules for each cnida type in all body regions os holotype and two paratypes (MZUSP 8727 and 

MNHNM 4299 of A. errans sp. nov. (N = 3). Numbers inside parentheses indicate cnidae length and width, respectively, and numbers outside 

parentheses indicate average cnidae size. N/N = number of individuals for which each type of cnida was found/ number of specimens for which 

cnidae were measured.    

 

 

 

 

 

 

 

 

Body part/cnida type Arachnanthus errans N/N 

Marginal tentacles   
Microbasic b-mastigophore type I (early stage) 
 

28.0 (21.7-34.3) X 5.5 (3.8-7.2) 
3/3 

Labial tentacles   
Microbasic b-mastigophore type I (early stage) 24.05 (15.3-32.8) X 4.05 (2.7-5.4) 2/3 

Microbasic b-mastigophore type I  40.1 (35.2-45.0) X 6.4 (5.4-7.4) 3/3 

Microbasic b-mastigophore type II 
 

35.35 (31.8-38.9) X 6.0 (4.9-7.1) 
3/3 

Pharynx   
Microbasic b-mastigophore type I (early stage) 25.1 (20.8-29.4) X 5.0 (3.7-6.3) 3/3 

Microbasic b-mastigophore type II (early 
stage) 

22.5 (18.2-26.8) X 3.4 (2.5-4.3) 
3/3 

Microbasic b-mastigophore type II 
 

36.35 (30.9-41.8) X 6.1 (5.4-6.8) 
3/3 

Column   
Atrichous  43.85 (30.0-57.7) X 16.8 (10.6-23.0) 3/3 

Microbasic b-mastigophore type I (early stage) 29.5 (26.0-33.0) X 7.4 (5.7-9.1) 1/3 

Microbasic b-mastigophore type II (early 
stage) 

29.85 (23.2-36.5) X 6.8 (5.8-7.8) 
3/3 

Microbasic b-mastigophore type VII 37.5 (33.0-42.0) X 4.55 (3.3-5.8) 1/3 

Ptychocyst 71.2 (62.0-80.4) X 26.95 (22.2-31.7) 3/3 

Holotrichous 54.8 (50.0-59.6) X 5.75 (5.0-6.5) 
2/3 

Mesenteries M   
Microbasic b-mastigophore type I (early stage) 21.9 (16.2-27.6) X 4.55 (2.5-6.6) 3/3 

Microbasic b-mastigophore type I 45.65 (35.8-55.5) X 8.65 (6.0-11.3) 2/3 
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Hyposulcus short (0.05 cm long) and hemisulci present. Gastrovascular cavity large 

with 2.45 cm long and 0.58 (at the initial part)  0.70 cm (at the final part) in diameter, 

occupies 86.2% of total body length. Mesenteries arranged in couples of the 

metamesenteries (M) and betamesenteries (B) (Fig. 5). Four pairs of protomesenteries, 

including directive mesenteries (DM). DM very short with 0.08 cm, P2 long with 1.87 

cm and P3 and P4 short with 0.60 and 0.64 cm respectively. DM, P2, P3 and P4 occupy 

3.2, 76.3, 24.4 and 26.1% respectively of total GC length.  

 

 

Figure 3. Map of distribution of A. errans sp. nov. Blue circles: Uruguay; red circles: 

Rio Grande 3 RS 3 Brazil and green circle: locality of holotype's collection. Map 

created in QGIS 3.16.0 software. Download of layers in shapeûle format in: The 

Humanitarian Data Exchang. 

 

Metamesenteries (M) fertile with double mesenteric filament, three first pairs of 

metamesenteries occupy 45, 46.1 and 40.1% of GC length. Betamesenteries (B) sterile 

and short with double mesenteric filament only in initial part, three first pairs of 

betamesenteries occupy 13.3, 12.3 and 11.6%, respectively, of GC length. Acontioids 

present. Cnidome of spirocysts, microbasic b-mastigophore (two types), holotrichous, 

atrichous and ptychocysts (Table 1). 
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Figure 4. Life cycle of A. errans sp. nov. from Rio Grande – Brazil. a: early live larva 

with ovoid body. Scale bar: 0.1 cm; b: late live larva close to settlement. Scale bar: 0.3 

cm; c: live adult specimen after build the tube. Scale bar: 0.5cm. 

 

Comparison between specimens of A. errans sp. nov. Small ceriantharians 

with translucent body, 1.38-5.2 cm long, 0.1-0.77 cm wide. 13-16 translucent marginal 

tentacles (0.14-0.32 cm long) arranged in (0)1.21.21.11.11… with almost all brown tips 

and pores along each tentacle. 6-10 translucent labial tentacles (0.07-0.13cm long) with 

the brown base (Fig. 1a-b), arranged in (1)1.11.11.11… or (0)1.11.11.11…; pores 

present, directive tentacle present or absent.  
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Figure 5. Graphical representation of the arrangement of mesenteries in the holotype of 

A. errans sp. nov. Abbreviations: MT = Marginal tentacles; white circles represent the 

insertion of each marginal tentacle. LT = Labial tentacles; black circles represent the 

insertion of each labial tentacle. D = directive mesenteries. P2 = second pair of 

protomesenteries. P3 = third pair of protomesenteries. P4 = fourth pair of 

protomesenteries. M = metameseteries. B = betamesenteries. AC = Acontioids. TP = 

terminal pore. 

 

Short actinopharynx (0.10-0.41 cm long) occupies 5.2-7.8% of total body length; short 

hyposulcus (0.05-0.10 cm long) and hemisulci distinct; siphonoglyph larger than 

actinopharynx length (0.21-0.34 cm long and 0.08-0.14 cm wide), one pair of 

mesenteries connected to siphonoglyph. Large GC (1.25-4.9 cm long, 0.14-0.7 cm 

wide) occupies 81.1%-94.2% of total body length, short directive mesenteries (0.08-

0.19 cm long),  second pair of protomesenteries (P2) long with 0.54-4.0 cm long, P3 

and P4 short with 0.6 and 0.64 cm long, respectively, metamesenteries (M) medium, 

fertile and with double mesenteric filament, occupies more than 46% of GC, short and 

sterile betamesenteries (B), occupies less than 28% of GC, acontioids present.  
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Comparison with other members of the genus. Arachnanthus errans sp. nov. 

has labial tentacles arranged in one pseudocycle like A. sarsi, A. oligopodus and A. 

australiae and distinct from A. lilith which has labial tentacles arranged in three 

pseudocycles. The amount of pseudocycles of the labial tentacles in A. bockii is 

uncertain and can be arranged in one or two. The actinopharynx of the A. errans sp. 

nov. occupies from 6 to 7% of the gastrovascular cavity length, whereas in A. bockii, A. 

oligopodus and A. sarsi occupies 50%, A. australiae 66% and in A. lilith it occupies less 

than the gastrovascular cavity length. A. errans sp. nov. has one pair of mesenteries 

connected to a siphonoglyph different to other members of the genus, A. sarsi has three 

pairs, A. lilith with four pairs of mesenteries, A. australiae and A. bockii both with six 

pairs of mesenteries, and A. oligopodus has two pairs of mesenteries attached to a 

siphonoglyph. M1 extent almost to the aboral pore in A. australiae, A. bockii and A. 

sarsi, in A. oligopodus and A. lilith reach the aboral pore and in A. errans sp. nov. can 

reach about 52% of GC length. The acontioids were in the M2, M3 and M4 unlike all 

others (Table 2).  

   

Description of life cycle  

Filming of the development stages was performed during ten days and additional 

records were made along two years, in which adults specimens were kept alive in the 

laboratory. A total of 523 minutes of the development course of A. errans sp. nov. were 

recorded. Some these materials were used to assemble a short video (Video S1).  

 

Larval stage   

Larvae with ovoid-shaped body, with a swollen middle section, while the distal 

part was slightly sharp and elongated (Fig. 4a). The larval body was translucent and the 

length of preserved organisms varied between 0.4 cm and 0.7 cm. The length of 

tentacles is about the same as the column length in smaller individuals. However, a 

disproportionate lengthening of the column occurred through larval development. Early 

larvae exhibited seven well-developed and transparent marginal tentacles with the 

brownish tips. The central mouth aperture is surrounded by three, to usually four, small 

labial tentacles. Late larvae developed an eighth shorter tentacle and rudiments of a fifth 

labial tentacle (Fig. 4b). Protruding manubrium, marginal tentacles were perpendicular 

to the aboral region. The pharynx, directive mesenteries were visible due to the color of 

the body. The gastrovascular cavity was formed; mesenteric filaments were strongly
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 Table 2. Compilation of the mainly morphological characters of the genus Arachnanthus (after Carlgren 1912, Carlgren 1924, Carlgren 1937, 

Picton and Manuel 1985 and Stampar et al. 2018*). Abbreviations: GC = gastrovascular cavity, DM = mesenteries directives, P2 = second pair of 

protomesenteries, P3 = third pair of protomesenteries, M1 = first pair of metamesenteries, M2 = second pair of metamesenteries, M3 = third pair 

of metamesenteries. 

 

 A. errans sp. 

nov.  

A. lilith  A. oligopodus  A. sarsi  A. australiae  A. bockii  

Marginal 

tentacles 

 

Up to 16 Up to 14 ~ 20 Up to 35 Up to 40 Up to 30 

Arrangement of 

labial tentacles 

(1)1.11.11.11 

or 

(0)1.11.11.11 

 

(0)3.12.31.23.23.12 (0)1.11.11.11.11 (0)1.11.11.11.11 (0)1.11.11.11.11 (0)1.11.11.11.11(?) 

Lenght of 

actinopharynx 

 

6.2-6.9% of 

GC 

> 50% of GC ~ 50% of GC ~ 50% of GC 66% of GC ~ 50% of GC 

Hyposulcus 24-29% of 

actinopharynx 

Same length of the 

actinopharynx 

2X the length of 

actinopharynx  

Smaller than 

length of 

actinopharynx 

~ 50% of 

actnopharynx 

~ 50% of actnopharynx 

Number of 

mesenteries 

connected to 

siphonoglyph 

 

2 8 4 6 12 12 

Directive 

mesenteries 

3.2–3.8% of 

GC (< length 

of 

actinopharynx) 

< length of 

actinopharynx  

> length of 

actinopharynx 

< length of 

actinopharynx 

= length of 

actinopharynx 

< length of  

actinopharynx 

Proportion of 76% of the 85% of the length 50% of the 75% of the 50% of the 25% of the length GC 
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P2 length in the 

GC 

 

length GC GC length GC length GC length GC 

Proportion of 

the P3 length in 

the GC 

 

24 – 35% of 

size GC 

33% of size GC ~50% of size 

CG 

~33% of size 

GC 

< 25% of size 

GC 

< 25% of the size GC 

Proportion of 

M1 length in 

the GC 

 

52% of the 

length GC 

To aboral pore To aboral pore Almost to 

aboral pore 

Almost to 

aboral pore 

Almost to aboral pore 

Proportion of 

M3 length in 

the GC 

 

53-79% of the 

length GC 

75% of the length 

GC 

50%of the 

length GC 

Almost to 

aboral pore 

80% of the 

length GC 

Almost to aboral pore 

Cnidoglandular 

tract of B 

 

Present Present Present Present Present (short?) Present (short?) 

Cnidoglandular 

tract of fertile 

mesenteries 

 

Present (short) Present (short) Present (short?) Present (short) Present (short?) Present (short?) 

Acontioids M2, M3 and 

M4 

M3 and M4 M1 M1, M2, M3 M1, M2, M3 M1, M2, M3 
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marked and occupied about half or more than half of this region. After some days, the 

length of the body increased, ranging from 1 cm to 1.6 cm (preserved organism) and 

exhibited a more conical shape, with the distal region more elongated. Some late larvae 

collected from the field with some sand grains attached to the middle section of their 

column, however this habit was not observed in our cultures. The actinopharynx and 

gastrovascular cavity was more extended, protomesenteries were apparent and 

acontioids at the end of one pair of metamesenteries were visible in the terminal pore. 

As the larva matures, it darkens in color and becomes thicker. The mesenteric filaments 

were less pronounced concentrated only in the proximal part of the gastrovascular 

cavity.  

 

Larval behavior  

The marginal tentacles were active most of the time in the early larvae, alternating 

between slower movements at the level of the oral disc and rapid movements towards 

the basal part. A relatively fast lowering of marginal tentacles may propel the larvae 

through the water column (Fig. 6a-b), but this behavior is occasional. In addition to this 

swimming behavior, the larvae can float and rotate on the water surface with their 

mouth downwards and facing perpendicularly. The late larval body sometimes floated 

in the water column with the mouth facing downwards, or eventually with the mouth 

turned up rotating the body and tentacles (Fig. 6c-d). The epidermal ciliary beat that 

generates iridescence is visible at higher magnification, against a dark background. 

Finally, shortly before settling, the larvae open the oral region and catch the prey that is 

offered to them, the labial tentacles help to bring the prey to the mouth, however, the 

larva regurgitates; it turned the body up, rotating and contracting the body until the 

Artemia sp. was externalized through the manubrium.  

 

Settlement  

Before the settlement, larvae changed the posture of marginal tentacles from 

laterally extended, with the tips curved downwards, to distally aligned, parallel to the 

body length and, slightly contracted. Wild late-developed larvae found with numerous 

sand grains attached to the column may represent a pre-settling behavior that was not 

observed in the laboratory. This followed an extension of the body that became twice as 

long as the tentacle length. 
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Figure 6. Behavior of larvae and adult specimens from Rio Grande - Brazil. a: free-

swimming early larva; b: marginal tentacles toward to column. Scale bar a and b = 0.1 

cm; c: rotational movement of the late larva with mouth facing to up; d: late larva 

ûoating with mouth facing down. Scale bar c and d = 0.3 cm; e: specimens displaying 

the errantia life behavior and crawling on the sediment. Scale bar = 0.5 cm. 

 

Along with such morphological transition, larvae completely lost their buoyancy and 

were found crawling over the bottom. Although the tip of the column was usually an 

anterior region during this crawling locomotion, larvae were also able to go backwards 

and seemed to be exhibiting a searching behavior for an adequate settlement site. Larvae 

spent about four days to one week to settle on the sediment. It burrows the sediment and 

the polyp builds a thin tube around the column, using sand and ptychocysts. There were 

evident morphological changes from larva and polyp forms, the main occurring in the 

column, which became relatively thin and elongated. The body exhibited milky color; 

however the transparency was maintained in some regions, mainly at the gastrovascular 

cavity. Around the oral disc, the polyp had light brown spots and at the base, between 

marginal tentacles there were dark brown stripes. 
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Crawling and feeding behavior   

After burrowing the sediment and consolidating its tube, the polyp may exhibit a 

remarkable crawling behavior, named ‗errantia life’. The polyp left the tube and 

crawled over the surface of the sediment (Fig. 6e-f), and other times it buried and 

wandered inside the sediment, building tunnels, similar to the burrowing behavior of 

earthworms (Table 3).  

 

Table 3. Description of the ―errantia life‖ behavior of A. errans sp. nov. 

 

Number of times that behavior 

was exhibit 

Behavior Description of behavior 

- 

 

 

2 

Semi-sessile polyp behavior. The adult polyp is inside the 

tube (built on substrate), with the 

body erect, a part of the body 

and tentacles are outside of the 

tube. The tentacles are not open 

and the crown of tentacles 

moves sometimes. 

 

 

6 

Start of the body lateral 

movement. 

The ceriantharian start 

movement the aboral axis from 

side to side. 

 

2 Start body withdrawal of the  

tube. 

During the movement of the 

entire body from side to side, the 

polyp leaves the tube through the 

front part of the tube.  

 

2 Start the ‗errantia life‘ behavior.    The adult ceriantharian totally 

leaves the tube and starts the 

behavior of drag through the 

sediment.  

 

2 Active ‗errantia life‘ behavior.  A. errans sp. n. throughout adult 

life exhibited a behavior of 

crawling under and between the 

substrate.   

 

2 Polyp immersed to the tube. The semi-sessile polyp instead 

of leaving the tube by the front 

part of the tube, immersed the 

body within the tube and left the 

tube, probably through the 

posterior part.   

 

1 Start crawling the body between 

sediment. 

The polyp crawls the body, 

probably by body contraction, 

between sediments.     

 

- Build of the new tube. The adult built the new and thin 

tube with ptychocysts, mollusk 

shell and seabed sediments. 
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Although in most observations with natural light the adults remain hidden in their tubes, 

after being offered Artemia sp. nauplii, they quickly came out and remained feeding for 

a few hours. Marginal tentacles were stretched like a whip to catch the prey. The 

ceriantharian sometimes can catch the prey with the aid of the tip of marginal tentacles, 

or eventually by the middle part of tentacles in a fast bending of the tentacle toward the 

oral region; the labial tentacles aid in this process, pushing the prey into the mouth. 

After the transfer of prey to the mouth, marginal tentacles were extended and remained 

immobile. We observed the adult of the A. errans sp. nov.  feeding on nauplii of 

Artemia sp. and copepods.    

 

Discussion 

Taxonomic studies are essential to understand ecosystems, the relationships 

established between and within taxa, the biogeography of organisms, and the 

development of species conservation strategies (Costello and Chaudhary, 2017; 

Thomson et al., 2018). However, studies with marine invertebrates, mainly those that 

inhabit deep waters, are difficult to carry out, due to the inhospitality of the environment 

and the lack of habitat assessment (Costello et al., 2010). This scenario is intensified for 

small marine organisms from the deep sea, and infaunal animals, such as Arachnanthus 

errans sp. nov. (124 – 248 m depth). Arai (1965) had already pointed out this obstacle 

in studying the subclass Ceriantharia. Nowadays, difficulties to collect and study small 

marine invertebrates, with nocturnal habits and  inhabit deep sea, such as those the 

genus Arachnanthus is maintained and can be reflected in the number of species 

described, only six, in the census of marine biodiversity (Costello et al., 2010) and in 

the amount of research groups dedicated to study tube-dwelling anemones. Therefore, 

studies like this are relevant to better know the infaunal marine invertebrates from 

Temperate South America, to reveal the development mechanisms inherent to 

Arachnanthus, since this is the first life cycle described for a species of this genus and 

to discuss about evolutionary aspects of the development of the Ceriantharia. 

There are records of some genera of Ceriantharia from the Southwestern Atlantic 

Ocean such as Ceriantheomorphe Carlgren, 1931 (Spier et al., 2012), Isarachnanthus 

Carlgren, 1924 (Stampar et al., 2012; Stampar et al., 2015b), Ceriantheopsis Carlgren, 

1912 (Stampar et al., 2015b) Cerianthus Delle Chiaje, 1841 and Pachycerianthus 

Roule, 1904 (Stampar et al., 2014a). Arachnanthus errans sp. nov. is the second species 

until now recorded from Rio Grande do Sul (Brazil) and Uruguay, the another species 
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being Ceriantheomorphe brasiliensis (Mello-Leitao, 1919) (Lopes et al., 2019; Stampar 

et al., 2020). However, Ceriantheopsis lineata Stampar et al., 2015, recorded from 

Southeast Brazil and Buenos Aires Province (Argentina), may occur in the same region 

because the area considered here is within these localities (Stampar et al., 2015). 

Furthermore, two additional undescribed species belonging to genera Cerianthus and 

Pachycerianthus are under description and were collected between other localities from 

the Uruguayan coast (Stampar et al., 2012). 

The present study is the first record of the genus Arachnanthus from the 

Southwestern Atlantic Ocean. Larvae here described were found only in the summer 

season, when water temperature was between 23 and 25ºC and salinity between 31 and 

34, all exhibited the same pattern of life cycle. Larvae that probably belongs to A. 

errans sp. nov. were previously found in 2% of plankton samples of a time series from 

the surf-zone, collected from 2009 to 2017 in the type location (Teixeira-Amaral et al., 

2021). Those individuals were also found only during summer and within the same 

intervals of temperature and salinity. Moreover, there are photographic records of adult 

organisms that exhibit an external anatomy similar to A. errans sp. nov. from the 

Caribbean region (16º21‘27‘‘N, 86º55‘60‘‘W − Fig. 7), in a shipwreck area at 15m 

depth, in the silty sediment; but the specimens were not collected. However, if the 

record is confirmed, biogeographical and evolutionary discussions will be needed, since 

the distance between these regions is very large, more than 6.000 km, and the life cycle 

observed for A. errans sp. nov. is very short, similar to the pattern observed for other 

anthozoans (Fautin, 1991; Miller and Ball, 2000; Bocharova, 2016), but with a 

planktonic larva.  

Cnidarians have different developmental routes, one of the reasons for the 

ecological success of the clade (Kayal et al., 2018), with groups exhibiting metagenesis, 

the Medusozoa, and other that have only the polyp stage (Miller and Ball, 2000; SNS 

personal observation). Phylogenomic studies indicated that the evolutionary history of 

development stages in Cnidaria is extremely plastic, which makes it difficult the 

establishment of patterns (Piraino et al., 2004; Kayal et al., 2018; Leclère et al., 2019), 

some groups of cnidarians reveal alternative development routes (Stampar et al., 2015b; 

Matsumoto et al., 2019). Throughout evolutionary history, ceriantharians developed two 

different mechanisms in the life cycle. The tube-dwelling anemones may have a short-

time development with the presence of a planula larva similar to others anthozoans 

(Nyholm, 1943). Otherwise, instead of the planula, it may has a free-swimming larva 
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named cerinula (van Beneden, 1897; McMurrich, 1910; Molodtsova, 2003) that can 

remains in the water column for a relatively long time (Haime, 1854; Stampar et al., 

2015b). 

 

 

Figure 7. Record of the ceriantharian with external morphology similar to A. errans sp. 

nov. from the Caribbean region. Scale bar: 0.5cm. 

 

This cerinula is able to disperse over longer distances and colonize different habitats 

(Lopes et al., 2023). Species such as A. errans sp. nov. has a simple cerinula larva with 

a shorter planktonic stage, which can be a limiting to range long distances, even if these 

larvae exhib epidermal ciliary beat that may play an important role in transport of 

surrounding fluid and in locomotion. It was recently observed that the same species can 

exhibit both long and short planktonic stages according to environmental changes 

related to temperature. The time of the larva in the plankton can originate adults with 

significant morphological variations, such as distinct arrangement of mesenteries (SNS 

personal observations).  The plasticity in life cycles, and its macroevolutionary and 

microevolutionary implications are largely discussed in Medusozoa and explainable 

because of the metagenetic pattern of development (Boero and Sarà, 1987; Cunha et al., 

2016), including records of morphological variations that have conducted to taxonomic 

inconsistencies through taxa (Marques, 1995; Miglietta et al., 2009; Cunha et al., 2015). 

However, anthozoans do not have metagenesis in the life cycle (Fautin, 1991) and 
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understanding the plasticity in morphological characters is challenging, which have 

corroborated with taxonomic incongruities and underestimated the diversity of species 

(Spier et al., 2012; Stampar et al., 2012; Lopes et al., 2019). During nineteenth and 

twentieth centuries, the use of only larval morphology was quite recurrent to describe 

species in Ceriantharia, mainly those of the genus Arachnanthus (Sars 1846, McMurrich 

1910). This practice generated a long list of unduly species described; most of them 

persisting until nowadays (see WoRMS, 2023, Stampar et al. 2020). Description of 

species only based on morphological traits of larvae was pointed out as inappropriate by 

van Beneden since 1897, but the practice was kept for a long time. Despite of the fact 

that ‗drastic‘ changes do not occur in the morphology of the cerinula larva in 

comparison to adults of the ceriantharians, our results demonstrate increase and addition 

of structures in the adult stage, such as the number of tentacles and mesenteries, and 

elongation of the column. Therefore, a thorough taxonomic revision of the 

ceriantharian‘s species should be performed (see Lopes et al. 2023).  

 The effectiveness of approach using morphology of the adult to identify 

Ceriantharia‘s species is poorly discussed (Stampar et al. 2015b, Lopes et al. 2019). 

However, Fautin et al. (2007) defended that using only morphological traits of the adult 

to distinguish species of the genus Arachnanthus is inefficient, whereas Stampar et al. 

(2018) pointed out that since there were no records of the cryptic species for the genus, 

until then the internal anatomy of the adult was sufficient to differentiate species. Our 

analysis reveals the occurrence of intraspecific variation in three internal morphological 

characters of the species A. errans sp. nov., which actually are used as taxonomic 

markers: the absence of labial tentacles, the length of P3 and M3 in relation to 

gastrovascular cavity. Furthermore, A. errans sp. nov. exhibit other characters distinct 

from its congeners, such as, small actinopharynx, the short hyposulcus, one pair of 

mesenteries connected to siphonoglyph, and M1 occupies more than half of 

gastrovascular cavity, but not extent at the aboral pore (Table 1). Our analysis agrees 

with Stampar et al. (2018), the junction of information about mesenteries can be 

appropriate to distinguish species in the genus Arachnanthus until the moment. 

Although A. errans sp. nov.  exhibits variations in some mesenteries, others can be used 

to distinguish this species, such as, amount of mesenteries connected to siphonoglyph, 

length of directive mesenteries, M1 and P2 and proportion that these mesenteries 

occupy in the gastrovascular cavity. Besides that, the short hyposulcus and 

actinopharynx can be used in addition to the mesenteries.  
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The tiny polyp of the A. errans sp. nov. (Fig. 4c) revealed a behavior never 

before registered for Ceriantharia: after larval settlement, metamorphosis to the polyp 

and tube is build, the ceriantharian completely left the tube and crawled under and 

between the sediment. The ability of dispersion is one of the strategies developed by 

organisms to respond to environmental cues (Brooker et al., 2007). For benthic marine 

species, the dispersion is mostly associated to the earliest development stage, such as 

the larval phase, to which is assigned the population connectivity (Cowen and 

Sponaugle, 2009). However, locomotory behavior exhibited by adult semi-sessiles, their 

evolutionary and ecological role are poorly understood, even for those taxa whose 

locomotion capacity is already known, such as sea anemones (McClendon, 1906; 

Parker, 1916). The adult sea anemone exhibits a crawling behavior on the substrate 

through waves of muscular contractions (Parker, 1916), which in Exaiptasia diaphana 

(Rap, 1829) is highly stimulated by periods of starvation (Bedgood et al., 2020). 

However, the behavior we found for the adult tube-dwelling anemone A. errans sp. nov. 

resembles the movement behavior of the some planula larvae in cnidarians, such as the 

hydroid Clava multicornis (Forsskål, 1775), which crawls its entire body in worm-like 

shape on the substrate (Piraino et al., 2011; Pennati et al., 2013), except that A. errans 

sp. nov. can also burrow itself into the substrate and crawl among it. The behavior of 

burying the body and moving in the sediment was observed in Echinoptilum sp., a 

species of sea pen (Kushida et al., 2020). Mushroom coral species completely flip-over 

the body onto the sediment (Hoeksema and Bongaerts, 2016). The mobile behavior of 

these corals is an ability developed for dispersal and reaching empty spaces, to get away 

from other corals (Chadwick, 1988) and toxic sponges (Hoeksema and de Voogd, 

2012). The ecological reason for the peculiar behavior of the A. errans sp. nov. is not 

yet clear and more studies need to be performed. However, exhibiting active movement 

behavior would be useful for protection and can be one of reasons to explain only one 

type of cnida – microbasic b-mastigophore - found in the marginal tentacles of the 

specimens analyzed in this study, since cnidocysts are important tools against predators. 

The behavior of withdrawal into the sediment that sea pens such as Pennatula rubra 

(Ellis, 1764) exhibit, is a response to environmental disturbances; in this process the 

anthozoan do not displace it in the seabed (Chimienti et al., 2018).  

Ceriantharians are tube builder invertebrates; mostly, the tubes are described as  

flexible and soft structures that are built from combining filaments of ptychocysts and 

sediment or mud (Child, 1908; Stampar et al., 2015a). The tube is built in between the 
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sediments (Tiffon, 1987) and play the role of sheltering the ceriantharian, protecting it 

from predators (Stampar et al., 2015a), but it can also serve as refuge to other small 

marine invertebrates, such as Amphipoda (Ceriello et al., 2021). The construction, 

length and shape of the tube by tube-dwelling anemone can be distinct and consists in 

relevant implications on the lifestyle. Organisms of the family Arachnactidae use the 

filaments of ptychocysts to adhere more sediment through the tube formation and have 

branched tubes, unlike the pattern observed to the Cerianthidae (Stampar et al., 2015a). 

Our results indicate that probably when displaying the ‗errantia life‘ behavior, A. errans 

sp. nov. permanently leaves its tubes. Consequently, it can synthetize more than one 

tube through the lifespan, similar to other congeners of Arachnactidae, corroborating 

with observations of den Hartog (1977) and, roam above and among sediment. Probably 

this behavior is related to building of a thinner and simpler tube by A. errans sp. nov., 

since specimens build other tubes along the life.  

 

Conclusions 

Our analysis revealed that adult specimens of A. errans sp. nov. has one pair of 

directive mesenteries connected to siphonoglyph, the stomodaeum length is small and 

the first pair of metamesenteries reached half of gastrovascular cavity length. Besides 

that, the cnidome found in marginal tentacles was composed by only one type of cnida. 

The new species Arachnanthus errans sp. nov. was described from Southwestern 

Atlantic Ocean (South of Brazil and Uruguay); the first record of the genus 

Arachnanthus from this region. The life cycle of the species was observed and 

described. Arachnanthus errans sp. nov. has free-swimming larva of short-time (~7 

days). After settlement and construction of the mucous and thin tube, the adult 

definitively left the structure and crawled the entire body over the substrate, sometimes 

buried the entire body in the sediment and crawled under it; behavior that we called 

‗errantia life‘. Probably, the adult builds more than one tube during its lifespan, because 

we did not observe the ceriantharian returning to the old tube. Locomotory behavior 

similar to the exhibited by A. errans sp. nov. adults are described to other cnidarians 

and are associated with a defensive process. The functional and ecological role of this 

crawling behavior should be better investigated, however, it is possible that along 

evolutionary history, A. errans sp. nov. developed another defense mechanism in 

addition to the synthesis of cnida and tube building habits.  
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Abstract 

Arachnanthus sp. 1 is a species of the subclass Ceriantharia, which presents a life cycle 

with planktonic larvae and benthic adults. The period that larva spent in the pelagic 

environment is relatively short. Benthic adult specimens often show locomotion 

behavior over sediment, underreported data on Ceriantharia. The evolutionary and 

functional implications at gene expression level of the life cycle pattern and behavior 

exhibited in each stage of Arachnanthus sp.1 is unclear, which affect the life history 

knowledge of this species. Thus, in this study, we have studied development stages of 

Arachnanthus sp. 1 under a descriptive and functional perspective of the transcriptome 

of the larva and adult; and draft a profile of putative toxin-like genes to both phases. 

RNA was obtained from both larva and adult, Illumina HiSeq 2500 sequencing was 

performed to obtain transcriptomes. Trinity v2013-8-25 was used to assembly contings. 

The functional annotation revealed most of the transcripts of larva and adult is 

associated with the biological processes. We identify that transcripts encoding toxins-

like proteins were more abundant in the larval stage in comparison to the adult phase. 

Transcripts with enzymatic functions were most common in both life stages. Putative 

venom-like proteins with auxiliary functions were more expressive in the adult, while in 

the larval stage potential venoms with hemorrhagic and hemostatic function were more 

abundant. These results evidence the life-style exhibited by the larva and adult of 

Arachnanthus sp. 1 in response to distinct environments occupied during each stage.  

Keywords: Development stages. Evolution. Gene expression. Venom-like proteins. 

Marine invertebrates. 
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Introduction 

In ecological and evolutionary aspects, the life cycle is the balance that keeps the 

rhythm of generations and the processes of natural selection. Most marine animals, 

including fish and invertebrates, exhibit complex or metagenetic life cycles with larval, 

juvenile, and adult stages, one to all of which is mobile (Allen et al. 2018). The larval 

phase in most marine organisms is related to dispersion, which can influence the 

geographic range and population genetic structure of these species (Strathmann et al. 

2002, Coelho and Lasker 2016). Each developmental stage results from differential 

expression of an identical genome. Studies of how gene expression varies between 

stages provide an insight into the genotype-phenotype relationship for species with 

these complex life cycles. One of the most interesting groups for comparative studies 

between larvae and adults is Cnidaria, in which the metagenetic cycle is present in most 

Medusozoa species (Ceh et al. 2015, Morandini et al. 2016) and diverse developmental 

patterns are found, including reversion of the life cycle with relevant evolutionary 

implications (Matsumoto et al. 2019). For this group, there are already some studies 

comparing the phases of the life cycle by transcriptomic and/or genomic analyses 

(Leclère et al. 2019, Matsumoto et al. 2019, Brekhman et al. 2015). On the other hand, 

some other groups with non-metagenetic life cycles, with long and short planktonic 

stages, such as Ceriantharia, have not yet been studied by transcriptomics approaches. 

Marine invertebrates of the subclass Ceriantharia are popularly known as tube-

dwelling anemones. These animals build a filamentous tube using ptychocyst and 

sediments (Stampar et al. 2015a), which is ecologically relevant because it can shelter 

other small marine invertebrates (Spier et al. 2012, Ceriello et al. 2022). Additionally, 

ceriantharians produce an arsenal of putative toxins probably important to protection 

and prey capture (Klompen et al. 2020). Studies of the life cycle descriptions in this 

subclass are still severely restricted to very few species (Stampar et al. 2016) and the 

knowledge about ecological and evolutionary importance of toxins are unclear. Two 

patterns of life cycle are known for ceriantharians, a short-time development (Nyholm 

1943, Uchida 1979) and another nonconventional long-lived larval development with 

different ecological strategies (Nyholm 1943, Stampar et al. 2015b).  Based on this 

scenario, the larval stage of some species of Ceriantharia has a potential to achieve 

dispersal distances of more than 4000 km through the coast  eg. Isarachnanthus 

nocturnus (den Hartog, 1977) (Stampar et al. 2015b). Such large dispersal would expose 

these propagules to large variation in environmental conditions, including temperature 
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(9-29°C), salinity (31 - 36 ‰) and habitat availability variation (see Lopes et al. 2023, 

Tosetto et al. 2022). In contrast, during the adult stage, usually the tube-dwelling 

anemones have low mobility and remain in habitat with few environmental variations 

through seasons. These differences result in ecological and evolutionary implications in 

both development stages (Coelho and Lasker 2016) that in Ceriantharia need to be 

better understood.  

This scenario is not restricted to the genus Isarachnanthus Carlgren, 1924, but 

also observed in the other genus Arachnanthus Carlgren, 1912 of the same family, 

Arachnactidae. Aspects such as development patterns and general behavior are little 

known in this genus. The genus Arachnanthus has six species described; only one with 

a life cycle recorded, Arachnanthus errans Lopes, Scarabino, Carranza, González-

Muñoz, Morandini, Nagata & Stampar 2023 described from Uruguay and South of 

Brazil with a free-swimming larva that spends a short-time in the water column (up to 

seven days  Lopes et al. 2023). During the adult phase, specimens of Arachnanthus 

sp.1 exhibit an unprecedented locomotion behavior for ceriantharians where it leaves 

the consolidated thin tube and crawls its body under and between sediment (Lopes et al. 

2023). 

In this study, we describe the transcriptome of the Arachnanthus sp.1 and 

explore the differences between planktonic larvae and adult benthic stage from the 

functional genomic point of view. Besides that, we identified and analyzed the profile of 

putative venom-like genes to both development stages. 

 

Material and methods 

 

Samples and tissue collect  

We analyzed one specimen in the larval phase and one adult polyp of 

Arachnanthus errans (Figure 1). The larval stage was collected by trawling a plankton 

net (mesh size: 300µm) during winter and summer seasons on the surf zone of the 

Cassino Beach, from Rio Grande - RS, Brazil (between 32º 16‘ to 32º 22‘S, and 52º 18‘ 

to 52º 19‘W). The adult specimen was collected by Mega Box Corer in Uruguay at 239 

and 248 m depth (between 35º 56‘ 24‘‘S and 53º 2‘ 20‘‘W; 36º 9‘ 46‘‘S and 53º 18‘ 

43‘‘W) during summer. Tissue samples of the larva and adult were stored in the 

RNAlater Stabilization solution (Qiagen, CA) and maintained in -80ºC. 
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Construction of cDNA library and Illumina Sequencing 

RNA was extracted through the RNAqueous Total RNA Isolation Kit® (Thermo 

Fisher Scientific, Massachusetts, USA) following the manufacturer‘s protocol and the 

RNA was assessed using NanoDrop
TM 

2000 Spectrophotometer (Thermo Fisher 

Scientific). The quantification of total RNA was performed with Quant-it
TM 

RiboGreen 

RNA Assay Kit (Thermo Fisher) and the integrity was evaluated by Agilent 

Bioanalyzer 2100 system (Agilent Technologies, Santa Clara, CA, USA). The high-

quality total RNA was used to prepare the library through the TruSeq® Stranded RNA 

Library Prep Kit (Illumina, San Diego, CA, USA) following the manufacturer‘s 

protocol and sequencing was performed on Illumina HiSeq 2500 system.        

 

De novo transcriptome assembly and assessment of quality 

The quality of raw sequencing reads was verified on FastQC version 0.11.8 

(Andrews, 2010). Low quality reads and adapter contamination were filtered using 

Trimmomatic v. 0.38 (Bolger et al. 2014). The rRNA was removed with the Silva 

database (Quast et al. 2013). The remaining reads were submitted to Trinity v2013-8-25 

(Grabherr et al. 2013) for denovo assembly using the default parameters. The quality of 

the assembly was assessed with TransRate (Smith-Unna et al. 2016), BUSCO (Manni et 

al. 2021), Detonate (Li et al. 2014), Bowtie2 and ExN50 statistics. To quantify the 

transcript relative abundance, raw sequences were mapped to the transcriptome 

assembly using RSEM v1.3.2 (Li and Dewey 2011). The CD-HIT was used for 

clustering with similarity smaller than 98% (Fu et al. 2012). The software TopHat2 

(Kim et al. 2013) was used to map the normalized reads of the larva and polyp analyzed 

with assembled contigs following the setting default to assess the quality of assembly.  

 

 

Figure 1. Specimens of Ceriantharia analyzed in this study. a. Polyp stage, b: larval 

phase. Scale bar: 0.3cm. 
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Transcriptome annotation  

The annotation process of the transcriptome assembled was performed using 

Trinotate v.3.1.1. Coding regions were identified with TransDecoder v.5.5.0. The 

transcripts were analyzed using the BLASTx and BLASTp tool. The assembled 

transcripts were searched against Pfam (Finn et al. 2014), Kyoto Encyclopedia of Genes 

and Genomes - KEGG (Kanehisa et al. 2022), eggNOG (Huerta-Cepas et al. 2019) and 

SignalP (Teufel et al. 2022) databases with cut-off E-value 1e-5. The transcripts were 

further annotated using Gene Ontology- GO to understand functions of the encoded 

transcripts at biological, molecular and tissues system level.  

 

Annotation of putative venom-like gene 

The analyses to identify putative venom-like genes were performed as proposed 

by Klompen et al. 2020. TransDecoder v5.5.0 source was used to predict protein coding 

regions contained on the both assembled transcriptomes. The Protein Basic Local 

Alignment Search Tool (BLASTp) from National Center for Biotechnology Information 

(NCBI BLAST+) v2.8.1 was applied to search separately all transcripts of adult and 

larva against Tox-Prot toxin protein annotation program (Jungo and Bairoch 2005), 

cndiarian‘s protein and toxin from NCBI – Protein database 

(https://www.ncbi.nlm.nih.gov/protein/) (e-value cutoff = 0.001). Additional searches 

were performed to the four families of pore-forming venom cnidarian-specific from 

VenomZone (e-value cut-off = 0.001). The results were merged; coding sequences were 

used in the downstream analysis.   

 The HHMER v3.3.2 software suite (Finn et al. 2011, Potter et al. 2018) was 

used to search the identified protein coding regions against sequences database and 

hidden Markov model libraries (e-value cutoff = 0.001). SignalP v5.0 server 

(Armenteros et al. 2019) was employed to predict signal peptides. The redundant 

sequences were clustered with CD-HIT v4.6.8 (Li and Godzik 2006) using a cutoff of 

0.95. BLASTp tool was used to perform comprehensive search (e-value cutoff = 1e
-5

) 

against Tox-Prot, Ref-Seq non-redundant proteins – NCBI (Pruitt et al. 2005), and 

hmmsearch against Pfam (Sonnhammer et al. 1997) with the same e-value. The results 

were manually verified to validate the matched of Tox-Prot annotations to the domain 

venom identified from Pfam.   

Toxin candidates that did not match in the Tox-Prot searches, whose best match 

from NCBI was with an uncharacterized/non-predicted protein or lacked a toxin domain 
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were considered as candidate ―unknown‖ and discarded from the additional analyses. 

The toxin candidates were classified according to protein families, molecular functions 

and putative biological functions.   

 

Results  

 

Transcriptome Sequencing, De Novo Assembly and Annotation  

The Illumina HiSeq 2500 sequencing generated 3.013 million paired-end raw 

reads, which were used as input in the Trinity v2013-8-25 (Grabherr et al. 2013). The 

assembled transcriptome of the adult and larva were composed of 77,113 contigs with 

202 - 33,082 bases and 73,920 contigs with 260 - 15,068 bases respectively. The 

annotation analysis of the larva transcriptome revealed 76,056 transcripts, 34,031 

encoded proteins. These included mainly 11,644 and 19,731 transcripts annotated in the 

KEGG and Pfam databases respectively. The total annotation of the polyp stage 

contained 78,795 transcripts and 28,932 encoded proteins. 12,081 and 16,000 were 

annotated in the KEGG and Pfam database (Table 1). A total of 33 different protein 

families were identified in both larval and adult stages. The potential toxins were 

clustered according to the functional annotation (Table 2). Most of the annotated 

proteins were enzymes, structural proteins and toxin-like proteins. 

 

Gene Ontology (GO) enrichment analysis 

Approximately 10,470 and 9,548 genes in the larval and polyp stages 

respectively were distributed in three general categories based on GO functional 

annotation: cellular component, molecular function and biological process. Most of the 

classified genes in the larval and polyp phases were associated with biological 

processes, 10,081 and 9,493 respectively (Table 3). The biological processes were 

mostly associated with cellular and metabolic process in larva and metabolic process 

and biological regulation in polyp stage.  Larval and polyp phases present fewer genes 

classified to the molecular function, of which RNA and DNA binding and catalytic 

activities were the most identified (Figure 2).  

 

Table 1. Annotation data of the larval and polyp stage of Arachnanthus sp. 1. 
 Larval stage Polyp stage 

Transcripts 76,056 78,795 
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Proteins 34,031 28,932 

SignalP 29,739 25,461 

Kegg 11,644 12,081 

BlastP hit 20,603 17,287 

GO 10,470 9,548 

Pfam 19,731 16,000 

TmHMM 5,435 3,873 

EggNog 124 404 

 

Putative toxin-encoding transcripts  

The annotation step was used to identify transcripts encoding potential toxins in 

ceriantharians in both larval and adult stages. A total of 261 coding transcripts for 

venom components were identified in both phases; the larva expressed the 166 and adult 

polyp had 95. Transcripts related to enzymes from larva and adult, such as the 

phospholipases, peptidases, hydrolases, metalloendopeptidases, among others, 

were most common (n = 56 in the adult, n = 86 in the larva). The transcripts with 

identity for auxiliary functions (n = 24) known to activate growing conditions, degrade 

polypeptides and to activities related to processing of extracellular proteins (Bond and 

Beynon 1995) and, for biological function hemostatic and hemorrhagic (n = 22) were 

more expressed by adult of Arachnanthus errans (Figure 3a). While the inverse 

occurred for the larvae; putative toxins that play the role of hemostatic and hemorrhagic 

(n = 46) followed by those with auxiliary functions (n = 30) were more abundant 

(Figure 3b).  

 

Table 2. Toxin-like protein families and Pfam domain identified for each life stage of 

Arachnanthus errans. Abbreviations: ID = identification, AI = Allergen and innate 

immunity, AP = auxiliary protein, HH = Hemostatic and hemorrhagic, MA = 

Membrane-active, MFE = Mixed function enzyme, NT = neurotoxin, PI = Protease 

Inhibitor, N/A = non available.  

Protein Family ID Pfam Domain Larva 

(transcript) 

Polyp adult 

(transcript) 

Allergen and innate immunity  ~15% ~13% 

CRISP CAP 17 7 

Peptidase S1 Trypsin 7 5 

Techylectin-like family Fibrinogen_C 1 1 

Venom complement C3 homolog TED_complement 1 - 
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family 

Total (AI) - 26 13 

    

Auxiliary Protein - ~18% ~25% 

Peptidase M12A Astacin 21 22 

Cystatin family Cystatin 1 - 

Glutaminyl-peptide 

cyclotransferase family 

Peptidase_M28 1 1 

Peptidase M13 family Peptidase_M13_N 1 - 

CREC family EF-hand_1 5 1 

Venom protein 302 IGFBP 1 - 

Total (AP)  30 24 

    

Hemostatic and hemorrhagic - ~28% ~23% 

Peptidase S1 family Trypsin/ F5_F8_type_C 24 12 

True venom lectin family Lectin_C 2 4 

Multicopper oxidase family F5_F8_type_C 4 - 

Transferrin family Transferrin 1 1 

Ficolin lectin family Fibrinogen_C/Collagen/COLFI 6 5 

N/A G_glu_transpept 1 - 

Snaclec family Lectin_C 2 - 

Venom metalloproteinase (M12B) 

family 

Pep_M12B_propep/ 

Reprolysin 

6 - 

Total (HH)  46 22 

    

Membrane-active - ~9% ~5% 

SNTX/VTX toxin family C1q 3 - 

Membrane attack complex/perforin 

(macpf) family 

MACPF 11 1 

Snake waprin family WAP 1 4 

Total (MA)  15 5 

    

Mixed function enzyme - ~14% ~17% 

Peptidase S1 Trypsin - 1 

Arthropod phospholipase D family GDPD_2 - 1 

Acetylcholinesterase family COesterase 4 2 

Phospholipase A2 family Phospholip_A2_3 2 1 

Flavin monoamine oxidase family Amino_oxidase 8 3 

Phospholipase B-like family Phospholip_B 2 1 

AB hydrolase superfamily Lipase/ Abhydro_lipase/ 5 7 
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Abhydrolase 

Glycoside Hydrolase Family 37 Trehalase 1 - 

Nucleotide 

pyrophosphatase/phosphodiesterase 

family 

Phosphodiest 1 - 

Total (MFE)  23 16 

    

Neurotoxin - ~14% ~15% 

N/A  ShK 16 12 

CRISP  CAP 4 1 

Venom Kunitz-type family Kunitz_BPTI 1 - 

Conopeptide P-like superfamily Kazal_2 1 - 

Scoloptoxin-01 family CBM 14 1 - 

AVIT (prokineticin) family  NI (no identified) 1 - 

AVIT (prokineticin) family Prokineticin - 1 

Total (NT)  24 14 

    

Protease Inhibitor  - ~1% 1% 

N/A Thyroglobulin_1 1 1 

Venom Kunitz-type family Kunitz_BPTI 1 - 

Total (PI)   2 1 

    

Total of protein family - 166 95 

 

Putative toxins-like proteins families of the adult and larva 

Peptidase S1 family (adult n = 18, larva n = 31). The coding transcripts from 

adult ceriantharian for venom components of the peptidase S1 family have biological 

functions related to allergen and innate immunity (n = 5), mixed function enzyme (n = 

1) and hemostatic and hemorrhagic function (n = 12). For larvae, this toxin family was 

associated with the allergen and innate immunity function (n = 7) and, hemostatic and 

hemorrhagic function (n = 24). The most constituent of S1 family have been found in 

animal kingdom and is well documented for insects as main enzymes involved in 

digestive process (Bao et al. 2014). S1 peptidase also is found in snakes, affecting the 

haemostatic system of the preys (Serrano and Maroun 2005).  

Peptidase M12A family (adult n = 22, larva n = 21). Putative toxins identified 

as of the metalloendopeptidase family included astacin and nematocyst expressed 

protein. The only biological function related to the M12A group was auxiliary activity 
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Table 3. Categories of Gene Ontology annotated for larva and adult stages of 

Arachnanthus errans. 
GO BlastP Larva Polyp 

Biological process 10,081 9,493 

 

Cellular component 

 

1,653 1,616 

Molecular function 3,680 3,524 

 

in both development stages. The M12A family has been described to spiders and is 

related to the digestive process of the prey (Foradori et al. 2006); in Polychaeta play the 

role of extracellular digestion of the prey (Von Reumont et al. 2014). There are records 

of the M12A family in marine annelids (Rodrigo et al. 2021) and in sea anemones 

(Ashwood et al. 2021). Several disorders also are associated with the metalloproteinase 

or metalloendopeptidase, such as hemorrhagic and hemostatic, as well as edema growth 

necrosis of tissue, among others (Nagaraju et al. 2007).  

Cysteine-rich secretory protein – CRISP (adult n = 8, larva n = 21). The 

biological functions identified to the potential toxins of CRISP family in Arachnanthus 

errans were related to the allergen and innate immunity (adult n = 7, larva n = 17) and 

neurotoxin (adult n = 1, larva n = 4). The CRISP proteins compose the CAP superfamily 

known by its wide occurrence in many organisms (Stroehlein et al. 2016, Gaikwad et al. 

2020, Klompen et al. 2020). The CAP proteins play roles in the reproduction process 

and venom toxicology (Abraham and Chandler 2017). The CRISP family is an essential 

component of the snake venom, exhibiting skeletal myotoxicity, ion channel inhibition, 

anti-protozoal, anti-angiogenic, vascular permeability regulator, inflammation regulator 

and protease activities (Tadokoro et al. 2020). 

Lectin protein family (adult n = 10, larva n = 8). The coding transcripts from 

the larva and adult of Arachanthus sp. 1 to the venom component of the lectins included 

techylectin-like (adult n = 1, larva n = 1), ficolin lectin (adult n = 5, larva n = 6) and true 

venom lectin (adult n = 4, larva n = 1) families. The biological functions attributed to 

these families were associated to the allergen and innate immunity and hemostatic and 

hemorrhagic activities. Lectins have been widely explored in the field of glycobiology 

and immunology, revealing a key role in biological processes, as well as prospective 

applications in the biotechnological area, because of its probiotic effects (Chettri et al. 

2021). 
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Figure 2. Gene Ontology classification of the sequences assembled of both life stages 

of Arachnanthus errans. a. larval stage, b. adult phase.  

 

CREC family (adult n = 1, larva n = 5). The biological function associated with 

the putative toxins identified as CREC family in the transcriptome of larva and adult of 

Arachnanthus errans was related to auxiliary activities. CREC are calcium-binding 

proteins that play roles in the secretory process, transduction signal (Wang et al. 2021), 

and are involved in several novel discoveries related to the parasite infections (Choi et 
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al. 2018, Fierro et al. 2020). Members of the CREC family were previously described 

on the endothelial cells surface (Cooper et al. 2008), secretory pathway of mammals 

(Honoré and Vorum 2000) and on the surface of the parasite cells (Wang et al 2021). 

 

 

Figure 3. Toxin-like proteins identified in larva and adult stages of Arachnanthus 

errans. 

 

Glutaminyl-peptide cyclotransferase family - QCs (adult n = 1, larva n = 1). 

The transcripts encoding putative toxin classified as Glutaminyl-peptide 

cyclotransferase, a metalloenzyme that is documented to animals and plants (Stephan et 

al. 2009). The QCs family plays a role in production of the pyroglutamate component of 

several hormones (Schilling et al. 2003) and is involved in inflammatory processes 

(Batliwalla et al. 2005).     

Transferrin family (adult n = 1, larva n = 1). The potential toxin identified as 

transferrin family, in both larval and adult stage of ceriantharians, were involved in 

hemostatic and hemorrhagic biological function. Transferrin family is present in all 

vertebrates and invertebrate organisms and is associated with the iron transport and 

immune system activities (Lambert 2012). In insects the activities of transferrin are 

related to the protection against bacteria, immunity, development of ovarian, egg 

maturation and reproduction process (Geiser and Winzerling 2012, Rani et al. 2022).   

AB hydrolase superfamily (adult n = 7, larva n = 5). Putative toxin identified as 

AB hydrolase superfamily found encoded in the transcriptome of both life stages of the 

Arachnanthus errans is one of the more comprehensive classes of enzyme (Suplatov et 

al. 2012). The plasticity of the structure's fold of this family is intriguing, as diverse 

process of insertions, amino acid substitutions and deletion may occur, but the catalytic 
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functions are retained due the maintaining of the catalytic machinery (Holmquist 

2000).   

Membrane attack complex/perforin (MACPF) family (adult n = 1, larva n = 

11). The MACPF family encoded by transcripts of larva and adult stages of 

Arachnanthus errans is pore-forming proteins (Chen et al. 2021). MACPF family plays 

relevant role in mammalian (Xu et al. 2021) and Mollusca immune system (Jiang et al. 

2021) , control of microbial attack and defense against predator (Wang et al. 2000, 

Dreon et al. 2013) and, are involved in larval development of the Mytilus 

galloprovincialis Lamarck, 1819 (Estévez-Calvar et al. 2011).    

Snake waprin family (adult n = 4, larva n = 1). The potential toxin of the 

waprin family was encoded by transcriptome of both stages of ceriantharian 

analyzed.  Waprin family is known as small peptide (~50 amino acids) with sequences 

conserved described for snakes, but after being found in the tissue of other organisms 

(St. Pierre et al. 2008, Munawar et al. 2018). Components of the waprin family present 

different biological functions, which many of these are operating in the innate immune 

system, proteinase inhibiting and with anti-microbial effects (Hagiwara et al. 2003, Nair 

et al. 2007).      

Acetylcholinesterase family (adult n = 2, larva n = 4). Putative venom 

components of the acetylcholinesterase family identified being encoded by transcripts of 

the larva and adult of Arachnanthus errans are also present in the most of vertebrates 

(Kim and Lee 2013), including tissues of different fishes taxa (Chuiko et al. 2003). 

Duplications of gene that encode Acetylcholinesterase enzymes are found in nematodes 

(Combes et al. 2001), arachnids and is a main catalytic enzyme of the class Insecta 

(Kim and Lee 2013). The mainly biological roles attributed to the Acetylcholinesterase 

family are synaptic and catalytic functions (Silman and Sussman 2008).     

Flavin monoamine oxidase family (adult n = 3, larva n = 8). Transcripts 

encoding of the putative toxin components of the flavin monoamine oxidase family 

were identified in Arachnanthus errans. Enzymes of monoamine oxidase family are 

involved in the oxidation amine substrates process and convert amino acids into 

proteins (Gaweska and Fitzpatrick 2011). This family of enzymes is largely present in 

snake‘s venom and is relevant to the pharmaceutical industry (Lauridsen et al. 2017, 

Kunalan et al. 2018). Besides that, some components of the monoamine oxidase family 

were identified as being part of the biotransformation process of xenobiotic polluting in 

Crassostrea gigas (Thunberg, 1793) (Boutet et al. 2004).  
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Phospholipase A2 family - PLA2 (adult n = 1, larva n = 2). Components of 

potential toxins of the PLA2 and PLB family are usually identified in coral reefs 

(Nevalainen et al. 2004), starfish (Liu et al. 2020), fishies (Smichi et al. 2020), snakes 

(Li et al. 2021) among others. Many small enzyme catalysts of the hydrolysis of 

phospholipids constitute the PLA2 family (Moller et al. 2019). The product of these 

chemical reactions can be involved in inflammatory process, cellular signaling 

(Nevalainen et al. 2013, Moller et al. 2019).  Earlier studies also suggested that PLA2 in 

junction of other compounds could induce oocyte maturation of the starfish (Meijer et 

al. 1984) and two amphibians (Carnero and Lacal 1993, Ortiz et al. 2013).  

Phospholipase B-like family (adult n = 1, larva n = 2). Putative toxins 

identified as phospholipase B family were encoded by transcripts of both ceriantharian‘s 

stages. Phospholipases B are enzymes involved in catalyze of hydrolytic activities of 

fatty acids and are present in animals and microorganisms (Durrani et al. 2020). 

Components of phospholipase B family in snakes exhibit a hemolytic and cytotoxic role 

(Bernheimer et al. 1986).     

AVIT (prokineticin) family (adult n =1, larva n = 1). Transcripts encoding 

toxin components classified as AVIT family protein were found in this analysis to both 

stages. AVIT peptides compose the venom arsenal of snakes, monitor lizards (Fry et al. 

2006), spiders (Kuhn-Nentwig et al. 2019) and are secreted by skin of frogs (Simmaco 

et al. 2009). AVIT peptides are involved in physiological responses in combination with 

receptors, inducing gastric muscle contractions, hyperalgesia and prevent the food 

intake by affected prey (Kaser et al. 2003, Fry et al. 2009).      

ShK domain (adult n = 12, larva n = 16). Potential ShK toxins were identified 

in the transcriptome of the both phases of Arachnanthus errans. ShK neurotoxins are 

potassium-channel inhibitors abundant in Cnidaria (Liao et al. 2019). The therapeutic 

potential of these blockers are registered, for example for autoimmune diseases (Norton 

et al. 2015).  

 

Putative toxins expressed exclusively by larva 

Peptidase M13 family (n = 1). Only one transcript from larva of Arachnanthus 

errans encoded venom components identified as peptidase neprilysin (M13) family. The 

M13 family has a large medical importance, in mammals it is implicated in the 

biological processes, such as reproduction and control of carcinogenic advance (Bland 

et al. 2008). Peptidase M13 also was verified in invertebrates, associated with the 
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control of feeding, response of the immune system cells (Caselgrandi et al. 2000), 

reproduction and locomotion (Spanier et al. 2005).              

Venom Kunitz-type family (n = 2). Transcripts encoding components of venom 

classified as the kunitz-type family were present only in the larval phase; the biological 

function associated to the family was serine inhibition. The kunitz family is largely 

disseminates between metazoans, such as many species of snakes (Katali et al. 2020, 

Ţupunski and Kordiš 2016) and hymenopteran (Guido-Patiño and Plisson 2022) and 

cnidarians (Macrander et al. 2015) as inhibition components of the S1 family and, as 

potassium and calcium-channel blockers (Ţupunski et al. 2003).  

Snaclec family (n = 2). Putative toxins of the snaclec family were identified 

only in the transcriptome of the larval organism and were related to the hemostatic and 

hemorrhagic biological function. The snaclecs are a family of the non-enzymatic 

proteins that compose the venom profile of vipers snakes (Leonard et al. 2019, Bhatia et 

al. 2021) and, are involved in anticoagulation, platelet modulation, inhibition, 

stimulation and activation of the clustering process (Leonardi et al. 2019, Clemetson 

2010).    

Venom complement C3 homolog family (n = 1). Transcripts encoding the 

potential venom complement C3 family were identified in the larva stage of the 

Arachnanthus errans. The complement system plays a relevant role in the immune 

system, operating in the innate and adaptive immunity (Vogel and Fritzinger 2010). 

Plasma, cells and molecules of the complement system interact with each other and 

produce enzymes that have function in the immune and inflammatory responses (Arbore 

et al. 2017). The activation of these responses generates the formation of the main 

complement component, the enzyme C3 convertase (Myamoto et al. 2013, Leonel et al. 

2022), found in snakes (Vogel and Fritzinger 2010, Leonel et al. 2022), crabs (Miller et 

al. 2007), cnidarians (Hartigan et al. 2020) and others.   

Cystatin family (n = 1). Putative toxins classified as cystatin were identified in 

the transcriptome of the larva stage analyzed in this study. Cystain is one of the three 

families that composed the Cystatin superfamily (Ochieng and Chaudhuri 2010). 

Cystatins are reversible inhibitors of cysteine protease (Wickramasinghe et al. 2020), 

preventing the activity of specific proteases by obstruction of catalytic sites (Cambra 

and Berrens 1996, Bode et al. 2000). 

Venom protein 302 (n = 1). Putative venom protein 302 was identified as being 

encoded by larva of the Arachnanthus errans. Venom protein 302 is part of the venom 
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auxiliary proteins group that in conjunction with other venom elements can accelerate 

dissemination of toxin (Klompen et al. 2020).    

Multicopper oxidase family - MCO (n = 4). Transcripts encoding potential 

toxins of multicopper oxidase family were identified in the larva stage of the 

ceriantharian. Multicopper oxidases are enzymes (Quintanar et al. 2007) present in 

many organisms, such as insects (Ye et al. 2015), fungi (Nikolaivits et al. 2021), and 

bacteria (Moghadam et al. 2016) among others. MCOs are important components to 

metal homeostasis and catalyze oxidation process (Kaur et al. 2019).       

Venom metalloproteinase (M12B) family (n = 6). Putative toxins 

metalloproteinase was encoded by transcripts of the Arachnanthus errans larva. M12B 

is one of the most constant venom components of the vipers (Fox and Serrano 2008, 

Chellapandi 2014). Venom metalloproteinase induces hemorrhagic process, disturbance 

of the hemostasis and death cells (Gutierrez et al. 2005, Sanchez et al. 2017).    

Stonustoxin - SNTX/verrucotoxin - VTX toxin family (n = 3). Components of 

the SNTX and VTX were found in the transcriptome analyses of the larva stage of the 

Arachnanthus errans. These toxins are proteins purified from stonefishes and present a 

hemolytic function, which in some cases can be lethal for prey (Ueda et al. 2006).  

Glycoside hydrolase family 37 (n =1). Transcripts encoding glycoside 

hydrolase 37 (GH37) were identified in the larva stage of ceriatharian. Enzymes GH37 

are broadly distributed between invertebrates, vertebrates, plants and microorganisms 

and, have catalytic activity in the hydrolyze of a sugar type - trehalose (CAZY; 

http://www.cazy.org/, Tsutsumi et al. 2022).    

Nucleotide pyrophosphatase/phosphodiesterase family (n = 1). Putative 

nucleotide pyrophosphatase/phosphodiesterase toxin was identified encoded by 

transcripts of the larva stage of Arachnanthus errans. These enzymes are found in snake 

venoms and present degradation activity of nucleotide and nucleic acids and inhibition 

of platelet aggregation (Santoro et al. 2009).  

Scoloptoxin-01 family (n = 1). The scoloptoxin venom-like family was 

identified in the transcriptome analyses of the larval phase of ceriantharian. Scoloptoxin 

is an inhibitor of the sodium, potassium and calcium channels (Undheim et al. 2014).  

    

Putative toxins expressed exclusively by adult specimen 

Arthropod phospholipase D family (adult n = 1). Transcripts encoding 

phospholipase D (PLD) were identified only in the adult stage of the Arachnanthus 
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errans. PLD are abundant enzymes in the venom of the spider, which present catalytic 

activity in the cleavage lysophosphatidylcholine and sphingomyelin, inducing 

dermonecrosis, edema growth (Lajoie et al. 2013), hemolysis, neurotoxic effects 

(Tambourgi et al. 2010).  

 

Discussion  

Comparative functional gene enrichment analysis 

The present functional annotation is the first for the genus Arachnanthus. 

Functional analysis based on the GO database provides a novel insight about the active 

processes intrinsic to the larval and polyp stages, relevant to understanding gene 

functions and biological processes. The genes of the larva and polyp were classified in 

similar functional categories, cellular component, molecular function and biological 

process. Most of the annotated genes in both stages present functions related to 

biological processes, mainly associated to the ―metabolic processes‖, ―biological 

regulation‖ and ―biological process regulation‖ terms. GO classification revealed that 

transcripts of the larva and adult from cellular component category were mainly related 

to ―cell‖, ―cell part‖ and ―organelles‖. Transcripts encoding genes with molecular 

functions were limited in both stages; these genes were mainly associated to ―binding‖, 

―multicellular organismal process‖ and ―development process‖. In general, the pattern 

observed in transcriptome analysis of the stages in Cnidaria shows a significant 

differential gene expression between development phases (Leclère et al. 2019, 

Brekhman et al. 2015). Genes expressed by cyst, medusa and polyp stages of the 

Turritopsis dorhnii (Weismann, 1883) were associated with different GO terms 

(Matsumoto et al. 2019). However, functional annotation based on the GO database 

revealed a different pattern for larva and adult of Ceriantharia; the profile of the 

functional categories in both stages was highly similar. Transcripts with functions 

associated with the terms ―toxin activity‖, ―receptor and regulator activities'', ―virion‖, 

―nucleoid‖, ―cell aggregation‖ and ―nitrogen utilization‖ were limited in both stages. 

The adaptive evolution of the life cycle of benthic invertebrate marine supports 

distinct functional features, such as nutrients obtained over pelagic larval period, 

benthic site assortment, survival and time and locality for reproduction (Podolsky and 

Moran 2006). Changes successional in the seasonal environment may influence the 

development course of the life cycle (Donohue 2013). Hypothesis defends distinct 

functional roles for each stage of development, for instance, the larva period is 
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associated with feeding, dispersal, growth and settlement, while the adult period is 

related to growth and reproduction process (Podolsky and Moran 2006). Thus, adaptive 

traits of the larvae are important faced to cues environmental during development 

(McEdwards 2000), the same is true for other stages. The metamorphosis is present in 

many animal lineages; postembryonic stages in cnidarians reorganize the plan body 

during this process (Brink et al. 2019). The evolution of the metamorphosis operates as 

a device decoupling the selection pressures along development stages, thus each phase 

provides independent responses to distinct environmental stress (Ebenman 1992). This 

can modify at some level the gene expression (Albecker et al. 2022). However, our 

annotation analysis based on GO database clustered transcripts in categories very 

similar. The scenario above may be related to behavior, time spent by larva in the 

pelagic environment and morphological transitions between larva and polyp stages. The 

complete development of Ceriantharia is not understood and evolutionary and 

ecological processes involved are unknown. During larval development of the 

Arachnanthus errans was observed the development of mesenteries, tentacles and 

columns. The polyp is small in length and has few mesenteries and tentacles. Early 

larvae are active, but on settlement time locomotion is restricted. The polyp moved 

actively and built the tube more than one time during the observed adult life (Lopes et 

al. 2023 in progress). Finally, deeper analysis of the differential gene expression is 

needed to understand the pattern exhibited during development stages in 

Ceriantharia.      

 

Profile of putative toxins 

The environmental niche by marine invertebrates is distinct along the 

development stages (Wray and Raff 1991, Cowen e Sponaugle 2009). The larvae are 

susceptible to the large range of biotic and abiotic factors, which can affect prey 

capture, dispersal capacity, among other elements (Jenkins et al. 2018). At same time, 

the benthic organisms need to develop different strategies of ontogeny to deal with 

different environmental cues (Love et al. 2010, Minelli and Fusco 2010). The toxin 

expression profiles in each development stage may be a response to the distinct 

environments accessed by marine invertebrates during a specific phase. Therefore, the 

toxin profile can be dynamic along development stages (Ames et al. 2016, Columbus-

Shenkar et al. 2018). Arachnanthus errans is a ceriantharian of the family 

Arachnactidae, which has a short-lived pelagic larva distinct from other tube-dwelling 
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anemones, such as Isarachnanthus nocturnus whose larva spend long-time in plankton 

with high dispersal potential (Stampar et al. 2015b). The adult polyp of Arachnanthus 

errans builds a thin and soft tube equivalent to column length (Lopes et al 2023 in 

progress). 

The comparative analyses show a similar toxin profile for larval and polyp 

stages. Both phases share 20 toxin-like proteins. These, the most representative, were 

peptidases of the S1 family, metalloendopeptidase and CRISP. The S1 family is widely 

documented as a type of enzyme that plays several roles such as digestive and immune 

activities (Bao et al. 2014), venom dissemination and induces hemorrhagic process in 

the prey (Almeida et al. 2002, Mukherjee 2014). The peptidase S1 is present in the 

classes Scyphozoa, Anthozoa and Hydrozoa of the phylum Cnidaria, but is absent in 

Cubozoa (Jaimes-Becerra et al. 2017, Macrander et al. 2015). Recently, peptidase S1 

was identified in the toxin profile of species of the family Cerianthidae and 

Arachnactidae in Ceriantharia (Klompen et al. 2020). Probably, the S1 family protein 

was a character present in the common ancestor of Medusozoa + Anthozoa, which was 

subsequently lost in the Cubozoa clade. The metalloendopeptidase are highly expressed 

in acrorhagi of non-aggressive and aggressive polyps of the sea anemone Anthopleura 

elegantissima (Brandt, 1835) (Macrander et al. 2015). In the hydrozoan Hydractinia 

symbiolongicarpus Buss & Yund, 1989 these toxins are related to the immune function. 

The Class Myxozoa also expressed transcripts encoding potential toxins of the 

metalloendopeptidase family even with parasitic behavior, different from the others 

cnidarians (Americus et al. 2021). Transcripts coding venom components of the CRISP 

family were the second most abundant in larva and adult Arachnanthus errans. The 

CRISP family is an essential component in snake venom, highly myotoxic and regulates 

the inflammation (Tadokoro et al. 2020). Toxins identified as the CRISP family were 

previously reported from most classes of e cnidarians (Macrander et al. 2015, Jaimes-

Becerra et al. 2017, Klompen et al. 2020, Xiao et al. 2022). 

Despite of high similarity between toxin profile of the larva and adult, our results 

evidence components of 13 putative venoms encoded exclusively in the larval stage, 

most of them was hemorrhagic and hemostatic functions for example metalloproteinase 

(M12B), Snaclec and Multicopper oxidase family. Putative toxin of the M12B family is 

part of venom composition of the adult specimens of the class Anthozoa (Gacesa et al. 

2015), Scyphozoa (Liu et al. 2015) and Cubozoa (Hwang et al. 2022). M12B is the 

compound more abundant in the venom of the Nemopilema nomurai Kishinouye, 1922 
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and Cyanea capillata (Linnaeus, 1758), responsible for example, wheal and blistering 

emergence (Wang et al. 2019). While in Anthozoa, it is probably connected to toxin 

maturation (Gacesa et al. 2015). Snaclec venom is one of the components of the toxin 

profile of snakes, which usually interact with coagulation factors (Clemetson 2010). 

Snaclec family is found in Zoanthid playing a role in hemostasis activities (Huang et al. 

2016). However, Jaimes-Becerra et al. (2017) defended that snaclec is a compound 

abundant in the toxin profile of the Scyphozoa, Anthozoa and Hydrozoa. Similar 

scenario was observed in the Arachnanthus errans toxin profile, only two transcripts 

coded for putative toxin of the snaclec family in the larval stage. The multicopper 

oxidase family was limited in the toxin profile of the larva. Multicopper oxidase was 

identified in anthozoarians, Nematostella vectensis Stephenson, 1935 and Acropora 

digitifera (Dana, 1846), and in the hydrozoan Hydra magnipapillata Itô, 1947 with 

signaling to oxidative damage and metal toxicity responses (Shinzato et al. 2012). Most 

of the putative toxin-like proteins identified in the larval stage were in the polyp phase. 

Only one putative toxin was coded exclusively by polyp of Arachnanthus errans, 

arthropod phospholipase D family. Phospholipases are present in most of the cnidarian, 

Cubozoa, Scyphozoa, Anthozoa and Hydrozoa (Jaimes-Becerra et al 2017, Nevalainen 

et al. 2004). The functions attributed to the phospholipase family are associated with the 

inflammatory process, digestion of phospholipids and protection against pathogens 

agents (Nevalainen et al. 2008, Murakami et al. 2010). Specifically, the phospholipase 

D is associated, in arthropods, to the necrosis of the tissues and neurotoxic process 

(Ribeiro et al. 2007). Probably, wide similarity of the putative toxin profile observed in 

both development stages can be associated to the short time that larva spends in the 

benthic environmental and adult‘s behavior of the leave the tube, a protection barrier.    

In general, the toxin profile exhibited by larval and adult of Arachnanthus errans 

converged with the scenario previously proposed of the Cnidaria venoms. However, our 

analyses revealed ambiguities; the transcripts of Arachnanthus errans larval form 

encoded the complement C3 homolog family that in Cnidaria only was recorded for 

Hydrozoa and Scyphozoa. The ficolin lectin family, restricted to Medusozoa (Jaimes-

Becerra et al. 2017), was coded by transcripts of the larva and adult of the ceriantharian 

analyzed. Several toxins usually identified in Anthozoa were not present in larva and/or 

adults of the tube-dwelling anemone Arachnanthus errans, such as potassium and 

sodium channels toxins, and actinoprin. The neurotoxins, one of the groups of toxins 

remarkable in sea anemones (Macrander et al. 2015) were few represented in transcripts 



101 
 

of the larva and adult corroborating to the results found by Klompen et al. (2020) to four 

ceriantharians species. The scenario above confirms the evolutionary complexity of the 

Ceriantharia. Even within subclass Ceriantharia there are several inconsistencies 

associated with the ontogeny and systematics (Molodtsova 2004, Stampar et al. 2020). 

Additionally, 95 putative toxins-like proteins were coded by adult polyp transcripts, 

different from the abundance found by Klompen et al. (2020) to Isarachnanthus 

nocturnus – 69, a species of the Arachnactidae family. Transcripts of I. nocturnus 

encoded 25 toxin-like family proteins (Klompen et al. 2020), only 15 of these families 

were present in the toxin profile of Arachnanthus errans polyp. Ecological aspects 

related to the ceriantharians are scarce and, hence it is difficult to arise hypotheses about 

the difference found in the abundance of potential toxins between I. nocturnus and 

Arachnanthus errans. However, the ‗errantia life‘ behavior presented to Arachnanthus 

errans can contribute to this scenario. The tube built by ceriantharians is associated with 

the protection of the organism, once after settlement and metamorphosis, but the polyp 

of Arachnanthus errans can remain outside the tube for a long time. Thus, these 

ceriantharians would be susceptible to the distinct environmental conditions, such as 

predators and to secrete more toxins can be a manner of dealing with the new 

environmental pressures.    

Usually, species of the genus Arachnanthus are small in length - 2.5 to 4.0 cm – 

(Carlgren, 1912, 1937, Picton and Manuel 1985, Stampar et al. 2018). The length of the 

Arachnanthus sp. 1 varies from ~1cm to 5cm. Marginal tentacles are small and thin, and 

only one type of cnida was found in these structures of the specimens analyzed (Lopes 

et al. 2023 in progress). The body column is thin and is the body part with more 

abundance of types of cnidae  5. Actiniaria has subtypes of tentacles that play diverse 

ecological functions, such as prey capture and immobilization, and defense against 

predators (Watson and Mariscal 1983). Specimens of the Ceriantharia have two distinct 

types of tentacles, marginal and labial. The marginal tentacles operate in the prey 

immobilization and catch, and labial tentacles aid to intake the prey in Arachnanthus 

errans. Cnidaria is a different clade; there is no particular venom gland responsible for 

venom production (Moran et al. 2012, Jouiaei et al. 2015). The cnidae that are present 

throughout the ectodermal and endodermal tissue produce and inoculate the venom 

(Fautin 2009, Macrander et al. 2016), suggesting that toxin-like proteins profile may 

also vary according with a specific tissue and ecological function (Surm et al. 2019, 
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Ashwood et al. 2021). However, further analyzes are essential to verify this pattern in 

Ceriantharia. 

Our analyses of putative venom profiles revealed a higher number of protein 

families potentially toxin-like being expressed by transcripts of larval stage than adult 

polyp (Figure 3). Ceriantharians are tube builders marine invertebrates (Child 1908, 

Stampar et al 2015a) known by semi-sessile behavior after metamorphosis to the polyp 

form, while along to the larval stage are free-swimming and can remains short or long-

time on the water column (Stampar et al 2015b). Arachnanthus errans has a short 

duration pelagic larva, which spends only about four to seven days in plankton until 

settlement. The adult phase reveals a behavior that we named ‗errantia life‘, leaving the 

soft and thin tube to crawl under and between sediments different to other species of 

ceriantharians (Lopes et al 2023 in progress). The discrepant abundance of toxin-like 

proteins observed in the polyp and larva stage may be an adaptive response to the 

different behavior displayed and environmental conditions experienced by each 

development stage of the Arachnanthus errans.  
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DISCUSSÃO GERAL 

 

Ceriantharia é uma subclasse de Cnidaria que em comparação aos outros 

representantes deste filo, é pouco estudada (eg. Medusozoa: Brekhman et al. 2015, Ceh 

et al. 2015, Gold et al. 2019; Anthozoa: Utrilla et al. 2019, Karako-Lampert et al. 2014, 

Moya et al. 2012). Aspectos como a ontogenia e as respostas a níveis gênicos dos 

diferentes estágios de desenvolvimento ainda são pouco compreendidos (ver Stampar et 

al. 2015). As análises morfológicas e moleculares realizadas em larvas encontradas no 

Pará – região Norte do Brasil – evidenciaram um cenário complexo para o gênero 

Isarachnanthus. De acordo com os estudos utilizando o marcador molecular COI, as 

sequências larvais do Pará apresentaram similaridades significativas com aquelas 

referentes à espécie Isarachnanthus nocturnus (~2% de divergência), corroborando com 

o cenário hipotetizado por Stampar et al. (2012) de que as larvas de I. nocturnus 

poderiam tolerar as condições ambientais das regiões estuarinas. De fato, recentemente 

algumas larvas de Ceriantharia (254) foram encontradas novamente na região do Pará 

sob uma variação relativamente alta de salinidade – 31 a 36 ppt – e de temperatura – 9 a 

29ºC (Tosetto et al. 2022). Esse cenário possibilita o início de discussões biogeográficas 

mais profundas em relação a I. nocturnus, uma vez que já é compreendido que larvas 

como a que essa espécie apresenta estão adaptadas para permanecer por um longo 

período no ambiente pelágico (cerca de 3 meses), sendo assim essas larvas tem 

capacidade de dispersão consideravelmente grande (Stampar et al. 2015). Em relação à 

divergência genética observada entre as regiões COI (1 a 2%) da larva do Pará e de I. 

nocturnus, apesar de ser maior do que a encontrada anteriormente para membros da 

referida espécie, a distância genética interespecífica observada entre o gênero pode 

chegar a 9% (Stampar et al. 2012). As construções filogenéticas utilizando as 

sequências COI de I. nocturnus, I. maderensis, Isarachnanthus sp. e das larvas do Pará, 

demonstraram 3 clados putativos, sendo que I. nocturnus e as larvas do Pará foram 

alocados no mesmo clado. As análises morfológicas das larvas do Pará evidenciaram 

semelhanças acentuadas com as larvas descritas por van Beneden (1897) como da 

espécie Ovactis brasiliensis. Entretanto, essa espécie foi descrita somente com base na 

morfologia de indivíduos larvais encontrados na região nordeste do Brasil (cerca de 

600km de distância do Norte do Pará) sem menção ao holótipo. Durante o século XIX e 

início do século XX a massiva descrição de espécies estava em alta e, especificamente 

em Ceriantharia, muitas espécies foram descritas indiscriminadamente somente com o 
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uso de caracteres morfológicos das formas larvais (van Beneden 1897). Registros como 

esses resultaram na superestimação do número de espécies na subclasse, afetando 

severamente o conhecimento da biodiversidade de Ceriantharia e gerando uma extensa 

lista de espécies. As descrições baseadas em um tipo de análise de apenas um estágio do 

desenvolvimento de invertebrados com ciclos de vida complexos como os cnidários são 

bastante problemáticas, devido às mudanças morfológicas que acontecem entre um 

estágio e outro (van Beneden 1987, Storch et al. 2013, Stampar et al. 2015, Brink et al. 

2019). Portanto, com base nesse cenário, nós defendemos que Ovactis brasiliensis seja 

considerada uma espécie inquirenda, uma vez também que a análise do material 

original de van Beneden (1987) é inviável. Além disso, de acordo com as evidências 

moleculares, a larva encontrada no Pará é um estágio inicial de I. nocturnus.  

Na família Arachnactidae, a maioria dos estudos está relacionado ao gênero 

Isarachnanthus (Molodtsova 2004, Stampar e Morandini 2014, Stampar et al. 2012, 

DeBiasse et al. 2022). A maioria dos estudos voltados para o gênero Arachnanthus foi 

conduzida entre os séculos XIX e XX e consistiam em trabalhos taxonômicos (Carlgren 

1912, 1924, 1937). Nós descrevemos uma nova espécie para o gênero Arachnanthus e o 

ciclo de vida da mesma. Ademais, nós utilizamos a abordagem transcriptômica para 

analisar a expressão gênica e para traçar o perfil das toxinas inerentes à fase larval e 

adulta da nova espécie descrita. Arachnanthus sp. 1 é uma espécie que está distribuída 

no Sudoeste do Oceano Atlântico, mais especificamente na costa litorânea do Sul do 

Brasil e Uruguai. É o primeiro registro do gênero para essa região. A espécie é 

caracterizada por ter uma actinofaringe pequena em comprimento, um par de 

mesentérios conectados à sifonóglife, o primeiro par de protomesentérios (P) alcança a 

metade do comprimento da cavidade gastrovascular, enquanto o primeiro par de 

metamesentérios é longo, mas não se estende até o final da cavidade gastrovascular. A 

quantidade de tipos de cnida encontrada nos tentáculos marginais foi relativamente 

baixa (apenas um). O ciclo de vida é caracterizado por ter uma duração curta com uma 

larva inicial mais oval, com sete tentáculos marginais cujas pontas eram acastanhadas; e 

uma larva tardia com um corpo mais cônico, oito tentáculos marginais e com 

protomesentérios visíveis na cavidade gastrovascular. A larva inicial era bastante ativa e 

se locomovia pela coluna d‘água, quanto mais próximo ao assentamento, a larva ficava 

menos ativa, apresentando uma locomoção mais contida e períodos sem ingestão de 

alimentos. Após o assentamento e a construção de um tubo pelo pólipo, ele apresentou 

com muita frequência um comportamento de locomoção inédito para os ceriantários. Os 
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pólipos deixavam o seus tubos e arrastavam o corpo sobre o sedimento e, muitas vezes 

se contraiam para dentro do tubo, se retiravam dele e cavavam o substrato, se 

locomovendo entre o sedimento.  

Arachnanthus sp 1. é uma espécie com características morfológicas e 

comportamentais bem distintas de seus congêneres, além de apresentarem variações 

morfológicas intra-específicas. Carlgren (1912) destacou algumas variações em 

caracteres morfológicos, como quantidade de tentáculos, coloração, quantidade de 

mesentérios, dentre outros. Mais recentemente, Lopes et al. (2019) observou variações 

intra-específicas em caracteres morfológicos externos e internos das espécies do gênero 

Ceriantheomorphe. Dados não publicados sugerem que essas diferenças morfológicas 

intraespecíficas pode está relacionado, dentre outros fatores, ao tempo que a larva 

demora para se assentar. Em Meduzosoa, os ciclos de vida são caracterizados por um 

padrão metagenético, o qual pode gerar diversas rotas ao longo do desenvolvimento 

(Ceh et al. 2015, Morandini et al. 2016). Em hidrozoários como Turritopsis dohrnii e 

cifozoários como Aurelia sp. um ciclo de vida reverso ainda pode estar presente (He et 

al. 2015, Matsumoto et al. 2019). Já nos Anthozoa, esses tipos de desenvolvimento não 

estão presentes. Especificamente em Ceriantharia, observa-se a possibilidade de uma 

plânula ou cerínula ao longo do desenvolvimento do indivíduo e um período larval 

pelágico curto ou longo (Nyholm 1943, Uchida 1979, Stampar et al. 2015). Geralmente, 

a fase larval está relacionada algumas funções, como a de dispersão, enquanto o estágio 

adulto a outras distintas, como a reprodução (Podolsky and Moran 2006) e estão 

susceptíveis a diferentes sugestões ambientais, consequentemente os indivíduos durante 

cada fase desenvolveram respostas a níveis gênicos, comportamentais e morfológicos 

distintas. 

Apesar do estilo de vida diferente, da metamorfose e das condições ambientais 

distintas, as quais indivíduos na fase larval e adulta estão condicionadas, as nossas 

anotações funcionais dos transcritos da larva e do adulto de Arachnanthus sp. 1 

resultaram em um perfil similar entre esses estágios. Em ambos os estágios, a maioria 

dos genes anotados estavam relacionados a processos biológicos, nestes, na fase larval a 

maioria dos genes foram incluídos na categoria de processos metabólicos e celulares e 

no pólipo na categoria de processos metabólicos e regulação biológica. O cenário acima 

pode estar relacionado ao curto período de tempo que a larva de Arachnanthus sp. 1 

dispende no ambiente pelágico, que provavelmente diminui a capacidade de dispersão 

nessa fase e consequentemente as variações ambientais experimentadas pela larva são 
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amenas em comparação às larvas de duração mais longa que pode alcançar distâncias de 

até 4000km ao longo da costa (ver Stampar et al. 2005). Além disso, o fato de o pólipo 

apresentar um comportamento de locomoção durante a fase adulta, deixando a proteção 

do tubo e ficando mais exposto a pressões ambientais, como os fatores abióticos e 

predadores, poderia também contribuir para os resultados encontrados.  

Ao longo da história evolutiva os cnidários desenvolveram estratégias 

adaptativas responsáveis pelo sucesso evolutivo da linhagem (Babonis and Martindale 

2014, Kayal et al. 2018). Uma dessas estratégias foi a síntese de células urticantes, os 

cnidócitos que possuem diversas funções, dentre elas a captura de presas (Kass-Simon 

and Scappaticci 2002). Os cnidócitos também são os responsáveis pela produção de 

veneno e inoculação destes compostos na presa (Macrander et al. 2016). Portanto, o 

perfil toxicológico dos cnidários pode variar de acordo com as condições ambientais 

(Sachkova et al. 2020), diferentes tipos de tecidos e quantidade de cnida (Surmm et al. 

2019, Ashwood et al. 2021) e entre os estágios de desenvolvimento (Columbus-Shenkar 

et al. 2018). A partir de análises transcriptômicas, nós encontramos um perfil de toxinas 

putativas, relativamente similar entre a larva e o adulto. Contudo, algumas diferenças 

também foram evidenciadas. Nós identificamos um número maior de proteínas 

similares a toxinas sendo expressas na fase larval (166) em relação à adulta (95). A 

discrepância significativa na quantidade de possíveis toxinas encontradas em ambas as 

fases pode estar evidenciando o estilo de vida muito mais dispersivo na fase larval em 

relação à fase adulta, mesmo com o pólipo apresentando um comportamento de 

locomoção. Pois, inicialmente, a locomoção observada nos adultos de Arachnanthus sp 

1. não foi suficiente para que o indivíduo seja capaz de percorrer grandes distâncias. 

Não foi possível estabelecer a função ecológica do comportamento de locomoção 

exibido pela nova espécie de Ceriantharia. Entretanto, estudos com outros cnidários 

mostram que esse tipo de comportamento em indivíduos até então vistos como semi-

sésseis, pode estar relacionado à ocupação de locais vazios para se distanciar de 

organismos altamente tóxicos que podem porventura ser competidores ou até mesmo 

predadores (Hoeksema and de Voogd 2012). A maioria das toxinas identificadas no 

estágio larval estava intrínseca a funções hemostáticas e hemorrágicas e no estágio 

adulto, a maioria foi inerente a funções auxiliares. No geral, o padrão das toxinas 

identificadas em nossas análises consistiu com o encontrado para os outros cnidários 

(Jaimes-Becerra et al. 2017). Entretanto, algumas diferenças foram encontradas, por 
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exemplo, a pouca expressão de toxinas com funções neurotóxicas diferente do cenário 

encontrado para Actiniaria (Macrander et al. 2015).  

 

CONCLUSÃO GERAL 

 Nossos resultados constribuem significativamente com o conhecimento dos 

processos inerentes ao desenvolvimento da família Arachnactidae em Ceriantharia. A 

partir das análises das sequências do DNA barcode – COI, foi possível inferir que as 

larvas encontradas na ilha de Maiandeua – Pará correspondiam a I. noctunus, ampliando 

as discussões sobre a capacidade de dispersão e tolerância adaptativa dos indivíduos 

dessa espécie. As sequências apresentaram uma divergência intraespecífica de cerca de 

2%. Nas reconstruções filogenéticas realizadas três possíveis clados foram gerados, um 

deles era composto pelas larvas do Pará + I. nocturnus, enquanto os outros abarcaram I. 

maderensis e Isarachnanthus sp. A similaridade morfológica entre as larvas do Pará e 

aquelas descritas por van Beneden (1897) foi demonstrada. Porém, devido à 

impossibilidade de analisar o holótipo, sugerimos que Ovactis brasiliensis seja 

considerada uma espécie inquirenda.  

Além disso, nós descrevemos uma espécie nova do gênero Arachnanthus, o 

primeiro registro do gênero para o Uruguai e Sul do Brasil, e registramos o seu ciclo 

dessa espécie. Os indivíduos adultos de Arachnanthus sp 1. apresentaram um par de 

mesentérios conectados a sifonóglife, o primeiro par de protomesentérios ocupou mais 

da metade da cavidade gastrovascular e o primeiro par de mesentérios se estendeu até a 

metade da cavidade gastrovascular. A larva passou cerca de quatro a sete dias no 

ambiente pelágico até se assentar. O adulto alcançava até 5cm de comprimento 

corpóreo, a coloração do corpo era leitosa e apresentou um comportamento de 

locomoção que, até então, não era conhecido para Ceriantharia. No intuito de se 

locomover, o adulto abandonava o tubo já construído e provavelmente, sintetizou mais 

de um tubo durante o estágio adulto.  

Nós tambpem analisamos o transcriptoma da larva e do adulto de Arachnanthus 

sp. 1. Nossos resultados demonstraram que a proporção de transcritos classificados em 

cada categoria ‗Gene Ontology‘ foi similar em ambos os estágios do ciclo de vida, a 

maioria deles foram atrelados a processos biológicos. Nós também avaliamos o perfil de 

possíveis toxinas expressas pela larva e pelo adulto da nova espécie. O adulto 

apresentou uma abundância muito menor de proteínas similares a toxinas em 

comparação a larva. Provavelmente, isso evidencia os fatores ambientais, os quais a 
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larva e o adulto estão susceptíveis e as estratégias que o indivíduo em cada estágio 

precisa desenvolver para garantir a sobrevivência e sucesso reprodutivo. 

Por fim, muitas icógnitas persistem em relação ao desenvolvimento de espécies 

da subclasse Ceriantharia. Os percursos dos estágios de desenvolvimento ainda 

precisam ser desvendados para grande parte das espécies de ceriantários. Análises 

voltadas para a função ecológica da locomoção do adulto de Arachnanthus sp 1., bem 

como as implicações evolutivas desse comportamento ainda precisam ser desvendadas. 

Além disso, é necessário compreender melhor a relação entre expressão gênica, as fases 

do desenvolvimento em Ceriantharia e fatores ambientais experimentados pelos 

indivíduos em cada estágio. Adicionalmente, é de grande relevância estudos mais 

abrangentes no intuito de entender a síntese de toxinas por cada estágio do ciclo de vida 

das anêmonas de tubo, a variação encontrada mediante as sugestões ambientais e as 

funções ecológicas dessas toxinas.    
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