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SANTOS, Thais Barbosa. Habitos alimentares de Isarachnanthus nocturnus
e Pachycerianthus magnus: uma andlise morfolégica e metagendmica do
conteudo estomacal (Cnidaria; Anthozoa; Ceriantharia).
2020. 80 f. Dissertagdo (Mestrado Académico em Biociéncias) - Universidade
Estadual Paulista (UNESP), Faculdade de Ciéncias e Letras, Assis, 2020.

RESUMO

O filo Cnidaria é composto por animais que possuem uma grande importancia
na manutencdo dos ecossistemas aquaticos. Um dos grupos que integram este
filo € a subclasse Ceriantharia, considerado o menor e um dos grupos menos
estudados dos cnidarios. Embora o filo apresente diversos estudos referentes
aos processos ecologicos da rede alimentar, os ceriantos nao foram abordados
sob esse tipo de analise. Como a subclasse possui particularidades em relacéo
aos outros grupos do filo, os resultados obtidos nesses trabalhos podem né&o
condizer com as apresentadas pelos ceriantos. Sendo assim, 0 presente
trabalho realiza uma revisdo bibliografica em Anthozoa com a tematica
“alimentacéo” e identifica parametros nunca observados dos habitos alimentares
de duas espécies de Ceriantharia, coletadas em Sao Sebastido (Alcatrazes)
(BR) e Okinawa (JP). As principais classes de animais que compdem a dieta
desses ceriantarios sdo descritas a partir de analises morfologicas e

metagendmica do conteudo estomacal.

PALAVRAS-CHAVE: Anémonas-de-tubo; Cadeia trofica; Dieta; Invertebrados

marinhos; Teia alimentar



SANTOS, Thais Barbosa. Feeding habits of Isarachnanthus nocturnus and
Pachycerianthus magnus: morphological and metagenomic analysis of
stomach contents (Cnidaria; Anthozoa; Ceriantharia). 2020. 80 f. Dissertation
(Masters in Biosciences). Sao Paulo State University (UNESP), School of
Sciences, Humanities and Languages, Assis, 2020.

ABSTRACT

The phylum Cnidaria is composed of animals that have great relevance in
the maintenance of aquatic ecosystems. One of the groups that comprise the
phylum is the subclass Ceriantharia, represented by members generally known
as ceriantharians or tube-dwelling anemones. Although the phylum presents
several studies related to the ecological processes of the food network, the
knowledge about these processes in ceriantharians is non-existent. As the
subclass has some particularities in relation to the other phylum members, the
results obtained in these previous studies may not correspond to those present
by these animals. Thereby, this study aims to make a bibliographic review on
papers published in the class Anthozoa with the feeding theme and identify
parameters never observed on the feeding habits in two species of Ceriantharia,
from S&o Sebastido (Alcatrazes) (BR) and Okinawa (JP). The main classes of
animals that compose the diet of this ceriantharians are described by

morphological and metagenomic analysis of the stomach contents.

KEYWORDS: Diet; Food web; Marine invertebrates; Trophic chain; Tube-dweling

anemones
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INTRODUCAO GERAL

Os conhecimentos sobre os processos ecologicos que envolvem uma
determinada espécie sdo de suma importancia para se compreender como
determinado grupo atua perante o meio ao qual esta inserido (Odum, 2004). Uma
das principais atuacdes € expressa pelo processo de alimentacdo, o qual possui
um papel fundamental na manutencgéo e conservacao dos organismos (Olafsson
et al., 1994).

A alimentacdo pode ser dividida em dois processos basicos: 1) a captura
do alimento; 2) a ingestao/digestdo do alimento. O primeiro processo € bastante
variavel, pois depende bastante da atuacdo trofica que cada espécie
desempenha. O segundo é muito mais intrinseco a morfologia e a fisiologia de
cada espécie. Em conjunto, os dois processos compdem uma das rotas
evolutivas mais relevantes para a manutencéo e diversificacdo das linhagens
(Hughes, 2013).

No ambiente marinho, a atuacgéo trofica € bastante complexa e apresenta
uma série de aspectos que ainda ndo sdo bem compreendidas para varios
grupos (Ribes et al., 1999a). Quando levamos em conta apenas o0s
invertebrados, esse panorama se apresenta ainda mais problematico, visto que
alguns grupos apresentam poucos estudos sobre os processos alimentares,
especialmente aqueles que sdo formados por organismos bentdnicos (Ribes et
al., 1999b; 2003).

Apesar de complexo, algumas maneiras de estudar 0S processos
alimentares no ambiente marinho ja foram delineadas, entretanto, duas formas
sdo as mais aplicadas. A primeira é voltada para o entendimento do mecanismo
de captura, sendo baseada em filmagens in-situ ou ex-situ (ex. Lewis, 1982).
Esta abordagem é basicamente descritiva, mas de grande importancia para o
entendimento ecoldgico em grande escala da espécie. A segunda abordagem é
voltada para o reconhecimento da atuacéo trofica, sendo baseada em analises
do tecido do animal via is6topos estaveis (Newsome et al., 2007; Leal et al.,
2017; Conti-Jerpe et al., 2020) ou por analises do conteddo gastrico dos
organismos (Orejas et al., 2001). Os estudos realizados com o contetdo gastrico

podem ser mais tradicionais, por meio de analises dos materiais via técnicas de



11

microscopia (ex, Zamer, 1986; Orejas et al.,, 2001) ou com a utlizacdo de
ferramentas moleculares, especialmente sequenciamento de nova geragdo com
marcadores especificos (Leray & Knowlton, 2015). Uma das técnicas que vem
sendo recentemente utilizada € a metagendmica. Essa é uma abordagem
molecular amplamente utilizada para o reconhecimento da comunidade
microbiana (Gilbert & Dupont, 2011), entretanto, ela pode ser utilizada como
ferramenta para discutir outras vertentes, como: a descri¢cao de atuagdes troficas
(Blankenship & Yayanos, 2005) e a identificacdo de relacdes simbiéticas (Celis
et al., 2018).

Harms-Tuohy e colaboradores (2016) realizaram uma analise da ecologia
alimentar de uma espécie invasora, o peixe-ledo (Pterois volitans), para
reconhecer 0s impactos que esse organismo pode promover na regiao de Porto
Rico. Para isso, os pesquisadores utilizaram a técnica de analise molecular de
metabarcoding do contetudo estomacal, a fim de identificar os fragmentos das
sequéncias de DNA das presas. Com os resultados obtidos, os autores
identificaram quais seriam os habitos alimentares dessa espécie invasora e
determinaram quais eram as espécies daquela regido que seriam afetadas a

longo prazo pela presenca da mesma.

Embora existam trabalhos detalhados como o citado no paragrafo
anterior, alguns grupos sdo bastante deficitarios em relacdo as informacdes
disponiveis sobre a sua atuacao trofica. Um dos grupos de animais que se tem
menos informacgdes sobre o processo alimentar € Cnidaria. Esse filo é constituido
por trés clados bastante distintos em diversos aspectos, Anthozoa,
Endocnidozoa e Medusozoa (Kayal et al.,, 2018). Um desses aspectos € o
reconhecimento da atuacéo trofica em cada um deles. Uma vez que varios
estudos ja foram realizados com diversas espécies em Medusozoa (ex. Larson,
1976; Larson 1979; Larson et al, 1989; Davenport, 1998), nos outros dois grupos

a concentracao de estudos com essa vertente é menor.

7

Em Medusozoa o interesse é maior devido ao impacto que muitas
espécies desempenham em organismos de interesse comercial (Arai, 2005;
Condon et al., 2013). Desta forma, muitas espécies ja foram estudadas das mais
diversas formas para o reconhecimento da atividade trofica (ex. Brewer, 1989;

Turk et al., 2008). Por outro lado, o estudo da atuacgéo trofica em Anthozoa é



12

mais ligada a aspectos de ecologia e preservacao, em especial de recifes de
corais (Ferrier-Pages et al.,2003). Neste caso, alguns grupos menores nao
apresentam qualquer informacdo nesse aspecto, como 0 caso da subclasse
Ceriantharia (anémonas-de-tubo). Estes animais sdo caracterizados por serem
solitarios, semi-sésseis, com corpo cilindrico e alongado, ao qual se enterram
em substratos macios, formando um tubo com a secre¢édo por eles liberada
(Tiffon, 1987).

Apesar do reconhecimento da importancia da obtencéo de dados sobre a
alimentacao para a elaboracédo de quadros complexos de atuacao trofica, pouco
se sabe a respeito desse comportamento em grande parte das espécies de
Cnidaria, especialmente na subclasse Ceriantharia (Stampar, 2012). Assim,
mesmo que existam estudos relacionados com 0s processos ecologicos que
intervém o0s habitos e o comportamento alimentar em Cnidaria, 0 grupo dos
ceriantos foram infimamente abordados sob esse aspecto. Como a subclasse
possui particularidades em relacdo aos outros grupos do filo (Stampar et al.,
2016), os resultados obtidos nesses trabalhos podem ndo condizer com as

apresentadas por esses animais.

Desta forma, o presente estudo tem como enfoque descrever a atuacao
trofica de duas espécies da subclasse Ceriantharia (Isarachnanthus nocturnus e
Pachycerianthus magnus), coletadas em duas areas distintas (Alcatrazes, Sao
Sebastido, Brasil e Okinawa, Japéo), com a realizacdo de analises do contetdo
estomacal. As duas espécies pertencem a grupos diferentes dentro da
subclasse, sendo Isarachnanthus nocturnus da ordem Penicillaria e
Pachycerianthus magnus da ordem Spirularia. Assim, buscamos também
verificar se ha ou ndo semelhanca nas classes de animais que compde a dieta

dessas duas espécies de ceriantos.
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OBJETIVOS

O objetivo geral nesse estudo foi reconhecer a rede alimentar de duas espécies
de Ceriantharia (Isarachnanthus nocturnus e Pachycerianthus magnus). De
forma a atingir tal objetivo, foram delineados o0s objetivos especificos

subsequentes:

= Revisar como os estudos com alimentacéo vem sendo abordados dentro
da classe Anthozoa no decorrer dos anos;

= |dentificar as classes de organismos que compdem a dieta de duas
espécies de Ceriantharia baseada em andlises morfologicas e
metagendémica do contetdo estomacal;

= Verificar se as classes de animais presentes na rede alimentar desse
grupo sao similares independentemente da espécie/localidade.
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CAPITULO 1.

ALIMENTACAO EM ANTHOZOA: UMA REVISAO BIBLIOGRAFICA

Thais Barbosa Santos?, Sérgio N. Stampar?

1. Unesp - Universidade Estadual Paulista, FCL/Assis, Departamento de
Ciéncias Bioldgicas, Laboratoério de Evolugédo e Diversidade Aquatica — LEDA,
Brasil

Correspondéncia
Thais Barbosa Santos

thaisbarbosa stos@hotmail.com

RESUMO

Nesse trabalho é apresentada uma reviséo bibliografica examinando a producao
cientifica sobre o tema “alimentagcao em Anthozoa” até o ano de 2019. O estudo
categorizou os artigos cientificos publicados quanto a década de publicacéo,
grupo alvo abordado dentro de Anthozoa, variabilidade das espécies estudadas
em cada ordem e os principais temas abordados. Como resultado, foram obtidos
153 estudos, nos quais foi observado que dentro da classe Anthozoa diversos
trabalhos foram realizados com essa tematica, entretanto, existe uma
concentracdo de estudos nas classes Actiniaria Hexacorallia), Scleractinia
Hexacorallia) e Alcyonacea (Octocorallia). Isso indica que as demais ordens do
grupo apresentam uma menor ou nenhum trabalho com essa vertente. Portanto,
como os dados sobre alimentacdo em alguns grupos de Anthozoa sdo escassos,
novos estudos precisam ser realizados para preencher as lacunas que permeiam

esse importante grupo bentdnico, a fim de compreender melhor sua ecologia.

Palavras-chave: Ceriantharia; Comportamento alimentar; Habitos alimentares;

Hexacorallia: Octocorallia
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FEEDING IN ANTHOZOA: A BIBLIOGRAPHIC REVIEW
Thais Barbosa Santos?, Sérgio N. Stampar?

1. Unesp - Universidade Estadual Paulista, FCL/Assis, Departamento de
Ciéncias Biologicas, Laboratério de Evolucdo e Diversidade Aquatica —
LEDA, Brasil

Correspondence
Thais Barbosa Santos

thaisbarbosa stos@hotmail.com

ABSTRACT

In this study, we performed a bibliographical review examining the scientific
literature on “feeding in Anthozoa” theme until 2019, using scientific databases
supplemented with additional literature. This study categorized published
scientific papers on this topic by decade of publication, target taxa, variability of
species studied in each order and main themes studied. As a result, 153 studies
were found, and based on their content, it was observed that within Anthozoa,
there has been a concentration of feeding studies on species in the orders
Actiniaria  (Hexacorallia), Scleractinia (Hexacorallia), and Alcyonacea
(Octocorallia). This indicates that the other remaining orders of the group have
been comparatively neglected with regards to their feeding aspects. Therefore,
as data on feeding in some groups of Anthozoa are scarce, studies need to be
carried out to fill the gaps that permeate this important benthic group, in order to

better understand their ecology.

Keywords: Ceriantharia; Feeding behavior; Physiology; Feeding habits;

Hexacorallia: Octocorallia
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INTRODUCTION

Cnidaria is a phylum that comprises three major clades: Anthozoa,
Endocnidozoa and Medusozoa (Kayal et al., 2018). The distinction between
these clades is supported by anatomy of the animals, life history, genome
structure and DNA sequences. Cnidarians present a very complex cell type,
called cnidocyst (Daly et al., 2007). This cell contains a capsular organelle named
cnidae, a structure used for protection and prey capture (Fautin, 2009; Kayal et
al. 2013).

This phylum is composed of aquatic animals, mostly marine, which present
a large morphological diversity due to the alternation of generations (Cunha,
2016; Morandini & Stampar, 2016). Its main representatives are jellyfish, hydras,
gorgonians, Portuguese man-of-war, sea anemones and corals (Daly et al. 2007;
Stampar et al., 2014). The most recent estimations show that the phylum has
approximately 13,300 species described (Kayal et al., 2018).

The class Anthozoa is considered the largest group in the phylum, with
7.200 described species (Kayal et al., 2018). The representatives of this group
have polypoid forms without a medusa stage in their life cycle and can be solitary
or colonials (Marques & Collins, 2004; Kayal et al. 2013). The evolutionary history
of this class still discussed, however, currently three subclasses are clearly

recognized: Hexacorallia, Octocorallia and Ceriantharia. (Stampar et al. 2014).

There are several aspects that distinguish Anthozoa from Medusozoa, one
of them, is in relation to the recognition of the trophic performance of the animals
that are part of these groups. In Medusozoa, a lot of studies with this aspect have
already been carried out with several species, since the interest is directly related
to the impact they cause on commercial organisms. Comparing these two
subphyla, it is observed that the interest in studies of this topic in Anthozoa is
moderately reduced (Condon et al., 2013). This occurs because the subjects
dealt with in Anthozoa are more linked to aspects of ecology and preservation,

especially coral reefs (Ferrier-Pages et al., 2003).

The understanding of diet and trophic performance of the groups are
essential for comprehension of the ecology and evolution of the species, once

the energy and nutrients derived from the feeding habits are vital for reproduction,
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development and growth (Leibold, 1995; Rossi, et. al., 2004). In this way, the
recognition of the feeding patterns is extremely important, since it acts directly in
the maintenance and conservation of the life of these organisms (Olafsson et al.,
1994; Schwartz et al., 2002).

In view of the importance of obtaining data of food webs for the elaboration
of complex tables of trophic performance, little is known about how the research
related to this topic has performed over the years. Thus, in order to verify the
productivity of research in Anthozoa with respect to the theme “feeding”, this
bibliographic review was made. For this, standardized searches were carried out
on what has been scientifically published with the theme “feeding in Anthozoa”.
At the end, it is possible to observe how the publications on this subject behave
over the years and what are the main characteristics and trends of production in

this area.

MATERIAL AND METHODS

This study was performed as a bibliographic review, aiming to gather
information to create a database of the studies that have emphasized anthozoan
feeding over the years. The data presented in this bibliographic review were
collected from Google Scholar, covering publications that appeared in English,
Spanish and Portuguese languages until August 2019. Other relevant
publications not covered by Google Scholar were also added from the reference
lists of the studies collected and based in our knowledge of the literature. Google
Scholar was chosen as it is the most comprehensive among citation search
services (Harzing and Alakangas 2016), and potential problems with so-called
“gray literature” were avoided via subsequent quality filtering. The search was
conducted with a combination of the following keywords: ‘feeding’, ‘diet’ and ‘food
web’ combined with ‘Anthozoa’, between the dates of August 8 to 24, 2019.

In total, 339 pieces of literature were identified, and, after duplication
exclusion and quality filtering removal of gray literature, 270 pieces of literature
were initially included in our review. Subsequently, every title, abstract and
methodology section were analyzed to confirm that each work truly examined

anthozoan feeding. Thus, some studies were excluded as they focused other
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animal groups, or they were not focused on feeding topics. After this filtering, 153
papers remained in our dataset (see supplementary material). From each study
the following data were extracted: (1) decade of publication; (2) Anthozoa groups
found in articles; (3) observations of the species studied in each order; (4)
approaches utilized in the studies.

For compilation of the articles’ approaches, publications were analyzed
and separated into the following categories: ‘Feeding behavior’, ‘Feeding
habits/Ecology’ and ‘Physiology’. Studies categorized into ‘Feeding behavior’
examined one or more of these subjects: prey capture, feeding rates, feeding
performances, feeding mechanisms, and feeding strategies. In the category
‘Feeding habits/Ecology’, studies examined the following topics: analyses of the
gastral cavity contents, diet, feeding patterns, feeding characteristics, food
spectrum, and the index of filling of the gastral cavity. In the last category,
‘Physiology’ studies reported on: digestion processes, feeding regimes, digestive
enzymes that influence the feeding process, nutritional aspects, and histological
and/or morphological analyses of gastral cavity structures. Some studies
analyzed more than one category and were counted for every category they

represented.

RESULTS

Decade of publication

At total, 153 papers were examined in this bibliographic review (see
supplementary material). Table 1 shows the number of papers published by

decade.
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Table 1. List of published papers per decade related to feeding in Anthozoa.

Decade Number of published Percentage (%)
papers

1890-1899 1 0.7
1900-1909 1 0.7
1910-1919 2 1.3
1920-1929 2 1.3
1930-1939 4 2.6
1940-1949 1 0.7
1950-1959 2 1.3
1960-1969 5 3.3
1970-1979 33 21.6
1980-1989 25 16.3
1990-1999 28 18.3
2000-2009 25 16.3
2010-2019 24 15.6

Total 153 100.0

Based on this analysis, we were able to verify a growing interest on this
topic from 1970 to 2019, with a total of 135 (=88.1%) studies conducted during
this period. Despite the increase of publications from the early 1970s, the table
shows that after this time, the number of publications on the subject slowly
declined. We also observed that by the most recent decade (2010-2019), the
number of articles published on this topic in the class Anthozoa (n=24) had
decreased considerably when compared to the 1970s, period with the largest

number of publications (n=33).

Anthozoa groups found in the selected papers

In Table 2, the species from the articles were summarizes into their
subclasses and orders. The absolute number, at the end, was larger than the
number of publications examined, as some studies were conducted with more

than one species that belongs to different orders. Thus, the absolute number of
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orders (n=163) is different from the absolute number of studies (n=153). The
papers in which this occurred were: Garrabou, 1999 (Alcyonacea and
Zoantharia); Goreau et al., 1971 (Scleractinia, Alcyonacea and Zoantharia);
Herndl, 1985 (Zoantharia, Actiniaria and Scleractinia); Lewis & Price, 1975
(Scleractinia and Alcyonacea), Sebens & Koehl, 1984 (Actiniaria and
Alcyonacea); Sorokin, 1991 (Zoantharia, Scleractinia and Alcyonacea); Yonge,

1930 (Scleractinia and Alcyonacea).

Table 2. Anthozoa orders found in selected publications.

Subclass Order Absolute number Percentage (%)

Actiniaria 56 344
Hexacorallia Antipatharia 1 0.6
Corallimorpharia 2 1.2

Scleractinia 54 33.1
Zoantharia 11 6.8

Octocorallia Alcyonacea 35 21.5
Helioporacea 0 0.0
Pennatulacea 1 0.6
Ceriantharia Spirularia 3 1.8
Penicillaria 0 0.0

Total 163 100.0

Hexacorallia was shown to be the most investigated anthozoan subclass
with a total of 124 studies (76.1%). This was the only subclass that had scientific
papers for all its constituent orders. In this subclass, Actiniaria (n=56) and
Scleractinia (n=54) were the two orders with the largest number of studies, (total
110 studies = 67.5% of absolute number of examined articles).

The subclass Octocorallia was second, with 36 studies (=22.1% of total
number of examined articles). Within Octocorallia, although the order
Helioporacea did not have any publications and Pennatulacea had only a single
study, the order Alcyonacea was well represented (n=35). Finally, the subclass

Ceriantharia had only a very limited number of studies on feeding topics, with the
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order Spirularia having three publications in total (1.8% of total number of
articles), and no studies were observed for order Penicillaria.

Observations of the species studied in each order

Despite the Actiniaria order being the group that had the largest number
of studies related to feeding patterns, the variety of species studied within these
publications were not so broad among the Anthozoa groups. In total, 44 different
species were observed in the publications, with the most analyzed species were
Actinia equina, analyzed in seven studies, followed by Anthopleura elegantissima
examined in five studies, and Metridium senile in four studies.

On the other hand, for some orders that had a smaller number of
publications than Actiniaria, such as Scleractinia (=54 studies) and Alcyonacea
(=35 studies), the number of species studied was actually higher, as some
studies covered a large number of species. For example, in one study of
Scleractinia (Hexacorallia), 47 species were analyzed (Younge 1930), and in a
single study of the group Alcyonacea (Octocorallia), 30 species were examined
(Lewis 1982). In total, Scleractinia had 137 different species examined and
Alcyonacea 69 species.

In the orders that had a very small number of studies, few species were
analyzed. In Hexacorallia, the order Corallimorpharia had two studies with one
species each (Paracorynactis hoplites and Amplexidiscus fenestrafer),
Antipatharia had a single study with three species (Stichopathes lutkeni,
Antipathes pennacea, and Antipathes sp.) and Zoantharia had 11 studies
examining 10 different species. In some studies of the order Zoantharia, more
than one species was analyzed, and four species were most investigated:
Zoanthus sociatus (=5 studies), Palythoa caribaeorum (=3 studies),
Parazoanthus axinellae (=2 studies) and Palythoa psammophilia (=2 studies).
The order Pennatulacea (Octocorallia) had a single study examining Ptilosarcus
gurneyi. In Spirularia (Ceriantharia), of a total of three publications, two species
were observed: Pachycerianthus fimbriatus (=2 studies) and Cerianthus lloydii
(=1 study).

In total, the number of species analyzed in the class Anthozoa regarding

feeding topics were 268 species. This number represents approximately 3.7% of
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the total described species for the class (~7200 described species; Kayal et al.,
2018).

Approach observed in the studies

In Figure 1, it is possible to verify the approaches in the compiled studies,
sorted into the following -categories: "Feeding behavior", "Feeding
habits/Ecology” and "Physiology". Some of them exhibited more than one
category of study, so in the graph, it is possible to observe the number of studies
that this occurred.

Approach of the studies in Anthozoa

50
45 44
W Feeding behavior
40
35 34 34 m Feeding habits/Ecology
30 B Physiology
25 . . .
21 @ Feeding behavior/Phisiology
20 17
O Feeding behavior/Feeding
15 habits/Ecology
10 O Phy_siology/Feeding
habits/Ecology
5 3
0

Number of publications

Figure 1. The number of published articles from each approach category of study about the

feeding process.

The subjects related to the topic of "Feeding behavior" were observed in
the most publications, with a total of 82 studies (=53.6% of the total) used this
approach. Of these, 44 studies (28.8%) featured only topics related to "Feeding
behavior", with the others including multiple topics. For "Feeding habits/Ecology",
a total of 58 publications (=37.9%) were related to this approach, with 34 of these
studies (=22.2%) including subjects only in this category. Studies related to

“Physiology” had the lowest number of publications, with a total of 54 studies
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(=35.3%), with publications analyzing only aspects associated with this topic in
34 studies (=22.2%).

Some studies combined more than one category of study about the
feeding topics: 21 studies (=13.7%) were related to "Feeding behavior" and
"Feeding habits/Ecology”, 17 studies (=11.1%) were related to “Feeding
behavior” and "Physiology", and 3 studies (=2.0%) were related to "Physiology"
and “Feeding habits/Ecology”.

Hexacorallia

This subclass was the most investigated group in Anthozoa, with a total of
124 studies. In the analyzes below, it is possible to observe which category of

studies were most conducted for each order.

Actiniaria

This order had 56 studies related to feeding aspects (Table 3). We
observed that studies related to the topic “Feeding habits/Ecology” were the most
investigated, with 28 publications related to this topic (=50.0%). The “Feeding
behavior” approach was the second-most common, with 24 studies (=42.9%).

“Physiology” topics were present in 19 publications (=33.9%).

Table 3. Approaches of feeding studies in Actiniaria.

Order Approach Absolute number %
Actiniaria Feeding Behavior 11 19.7
Feeding Habits/Ecology 18 32.1
Physiology 12 21.4

Feeding Behavior/Physiology 5 8.9
Feeding Behavior/Feeding Habits/Ecology 8 14.3
Physiology/Feeding Habits/Ecology 2 3.6

Total 56 100.0
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Scleractinia

This order presented a total of 54 studies (Table 4). Of these studies, most
were related to aspects of “Feeding behavior” (32 studies; =59.2%). “Physiology”
and “Feeding habits/Ecology” were less common in the studies, with 22 (=40.8%)

and 13 publications (=24.1%), respectively.

Table 4. Approaches of feeding studies in Scleractinia.

Order Approach Absolute number %
Scleractinia Feeding Behavior 20 37.0
Feeding Habits/Ecology 6 11.1
Physiology 15 27.8
Feeding Behavior/Physiology 6 111
Feeding Behavior/Feeding Habits/Ecology 6 11.1
Physiology/Feeding Habits/Ecology 1 1.9
Total 54 100.0

Zoantharia, Anthipatharia and Corallimorpharia

The order Zoantharia had 11 studies, with three related to the topic
"Feeding habits/Ecology” (=27.3%), three to "Feeding behavior/Physiology”
(=27.3%), two to "Feeding behavior" and "Physiology" categories (=18.2%), and
one to "Feeding behavior/Feeding habits/Ecology” (=9.0%). Studies on the
combined topics "Physiology/Feeding Habits/Ecology" were not observed.

The order Anthipatharia had only a single study related to “Feeding
behavior” (=100.0%). The order Corallimorpharia had two studies related to
“Feeding behavior’ (=100.0%).
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Octocorallia

This subclass was the second most investigated group in Anthozoa, with
a total of 36 studies (=22.1% of total studies). The results of the categories
studied in the three orders that compose this group is shown below.

Alcyonacea

There was a total of 35 studies on this order (Table 5). The topic “Feeding
behavior” consisted of 19 studies (=54.3%), “Feeding Ecology” had 16 studies
(=45.7%) and “Physiology” had 8 publications (=22.9%).

Table 5. Approaches of feeding studies in Alcyonacea.

Order Approach Absolute number %
Scleractinia Feeding Behavior 11 31.4
Feeding Habits/Ecology 9 25.7

Physiology 7 20.0

Feeding Behavior/Physiology 1 2.9

Feeding Behavior/Feeding 7 20.0

Habits/Ecology

Physiology/Feeding Habits/Ecology 0 0.0

Total 35 100.0

Helioporacea and Pennatulacea

The order Helioporacea did not present any study correlated to the feeding
process. However, there was one single publication on ‘Feeding behavior’ for the

order Pennatulacea (=100.0 %).

Ceriantharia

The subclass represented by the tube anemones was the focus of only

three publications (=1.8% of total studies) related to the feeding aspects. The
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order Spirularia had two studies focused on the topic ‘Feeding
behavior/Physiology’ (=66.7%) and one study about the topic ‘Feeding
behavior/Feeding habits/Ecology’ (=33.3%). No studies focused on the order

Penicillaria.

DISCUSSION

In general, it can be said that due to the relevance of this theme, there are
several studies regarding feeding aspects within Cnidaria (Purcell, 1991). As
explained in the introduction, we know that several studies were carried out on
feeding and trophic performance with Medusozoa (e.g. Fulton, 1963; Brewer,
1989; Purcell et al., 1999). These animals have a high number of studies, as they
directly affect a large number of species of commercial interest (Condon et al.,
2013). Although the members of Anthozoa demonstrate great ecological
importance, since they help in the maintenance of the aquatic ecosystems (Lira
et al., 2012). In the present bibliographic review, we can observe that over the
decades the number of studies referring to this theme has not been so large,
considering that Anthozoa is the biggest class of the phylum in number of species
(Daly et al., 2007).

The studies compiled in this review are focused mainly on three groups:
Actiniaria and Scleractinia, in subclass Hexacorallia, and Alcyonacea, in subclass
Octocorallia. Given the studies on trophic activity in Anthozoa are more linked to
aspects of ecology and preservation, especially coral reefs (e.g. Ferrier-Pages et
al., 2003). In this way, groups that are more abundant in these areas have
presented a larger number of studies. Thus, smaller groups or that their
occurrence is not associated with coral reefs, presented very few information on

feeding topics.

Some feeding strategies have already been recognized in Anthozoa: there
are species that are filters (e.g. Sebens, 1981), others that perform the feeding
process in symbiosis with other organisms (e.g. Fitt et al., 1982; Schwarz et
al.,2002), etc. However, since the groups belonging to the class Anthozoa have
many particularities, studies carried out with some groups may not match the

dietary and behavior patterns presented by others (Daly et al.,, 2007). Thus,
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conducting further studies with groups in this class would make the recognition
of diet and feeding habits even more comprehensive and establish a more

suitable scenario for organisms belonging to that group.

In conclusion, while this study shows that relevant research has been and
continues to be conducted about feeding habits in Anthozoa, there are several
aspects that lacks information. Perhaps, most worrying was the small number of
studies in two orders of Octocorallia and in subclass Ceriantharia. This indicate
that these groups need more attention, since its presence may affect the trophic

chain of several organisms.
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RESUMO

Nesse estudo foram realizadas analises do conteudo estomacal de
Isarachnanthus nocturnus Hartog, 1977, coletados em S&o Sebastido, Brasil, e
Pachycerianthus magnus Nakamoto, 1919, coletados em dois pontos da costa
de Okinawa, Japdo. Analises morfologicas e metagendmica foram feitas com o
objetivo de identificar as principais classes de organismos que compdem a dieta
dessas duas espécies. Os resultados mostraram que por meio das analises
morfolégicas néo foi possivel a identificacdo de organismos presentes no
conteudo estomacal. Nas andlises metagen6micas foram observadas uma
grande variedade de classes de animais, mostrando que a dieta dessas espécies
€ bastante diversa. As classes Anthozoa, Aconoidasida e Kinetoplastea, foram
as mais abundantes no conteudo estomacal das duas espécies. De fato, com a
realizacdo dessa abordagem conseguimos reconhecer os habitos alimentares
dessas duas espécies de Ceriantharia.

Palavras-chave: Anémonas-de-tubo; Conteudo  estomacal; Habitos

alimentares; Teia alimentar; Metagen6mica
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ABSTRACT

This study analyzes the gastral cavity contents of Isarachnanthus nocturnus
Hartog, 1977, collected in Sdo Sebastido, Brazil, and Pachycerianthus magnus
Nakamoto, 1919, collected in two points at the Okinawa coast, Japan. The
morphology and metagenomic analysis were performed, aiming to identify the
main classes of organisms that compose the diet of these species. The results
demonstrate that the morphological analysis it was not possible to identify
organisms. In metagenomic analyzes, a wide variety of animal classes were
observed, showing the diverse diet of these ceriantharians. The classes
Anthozoa, Aconoidasida, Kinetoplastea, Actinopterygii, Insecta, and Leptocardii
were the most abundant in the contents of the two species. From this, a great
cohesion was observed in the feeding habits of these two species. Thus, we are
able to show a more comprehensive scenario of the feeding performance of two
species of Ceriantharia.

Keywords: Diet; Food web; Metagenomics; Gastral cavity contents; Tube-

dwelling anemones
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INTRODUCTION

The recognition of the trophic niche of a species is of utmost importance
for the understanding of its evolutionary process and ecological relevance since
its diet provides the nutrients and energy that are essential to various processes
in their life cycle, such as growth, development, and reproduction (Olafsson et
al., 1994; Leibold, 1995).

Studies about the trophic performance in marine environments are overly
complex, and as a result, several groups of organisms still have gaps in topics
related to the food web. When we evidence the group of invertebrates that inhabit
this ecosystem, the result becomes even worse, especially for benthic organisms
(Ribes et al., 1999a; 1999b; 2003).

Some ways of recognizing food processes have already been outlined,
among them, two forms of studies are the most applied. The first aim to
understand the prey capture process, in which filming is done to recognize this
mechanism (e.g. Price & Lewis, 1975; Bursey & Guanciale, 1977). The second
approach aims to recognize the trophic performance, based on analyzes of the
animal’s tissue, via stable isotopes (Newsome et al., 2007; Leal et al., 2017;
Conti-Jerpe et al., 2020), or by analyzes of the gastric contents (Orejas et al.,
2001). The studies with the gastrovascular cavity contents may be more
traditional, through analysis via microscopy techniques (e.g, Zamer., 1986;
Orejas et al, 2001; Acufa et al., 2004) and with molecular tools, especially next-
generation sequencing with specific markers (Leray & Knowlton, 2015). One
technique that has been used recently is the metagenomics. This is a widely
molecular approach used for the recognition of the microbial community (Gilbert
& Dupont, 2011), however, it can be used as a tool to discuss other aspects, such
as the description of trophic performances (Blankenship & Yayanos, 2005) and

identification of symbiotic relationships (Celis et al., 2018).

In Cnidaria, there are some studies related to the trophic performance of
several organisms, however, some groups have few information available. This
is the case of some groups observed in the class Anthozoa (Subphylum
Anthozoaria). Anthozoa is the largest class in Cnidaria, with 7,200 described

species (Kayal et al., 2018). In this class, studies carried out and related to trophic
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performance are mainly directed to three orders: Actiniaria, Scleractinia (subclass
Hexacorallia) and Alcyonacea (subclass Octocorallia). This occurs because, in
Anthozoa, studies of trophic performance are closely related to aspects of
ecology and preservation of coral reef environments. (Ferrier-Pages et al., 2003).
Thus, it is recognized that groups that typically do not inhabit coral reef
environments have a very small amount of studies related to this topic. This
occurs with the subclass Ceriantharia. The individuals that belong to this subclass
are called ceriantharians or tube-dwelling anemones, due to the remarkable tube
that they build around their body (Molodtsova et al., 2011).

Ceriantharia is a group that presents studies on different themes:
morphology, taxonomy, life cycle, among others (Stampar et al., 2012; Stampar
et al., 2015; Stampar et al., 2016; Stampar et al., 2019; Ceriello et al.,2020;
Klompen et al., 2020). However, this subclass remains poorly studied and has
several aspects not understood, such as studies related to the trophic
performance of the group (Stampar, 2012). Despite the recognition of data about
feeding patterns being of paramount importance, this subclass presents three
studies about feeding topics (Arai & Walder, 1973; Eleftheriou & Basford, 1983;

Arai, 1985), where one of them is related to the topic feeding habits.

Eleftheriou and Basford (1983) carried out a study of the feeding behavior
and feeding habits of the species Cerianthus lloydii. The authors performed a
footage of the prey capture and morphological analysis of the gastral cavity
contents. With that, they observed some classes of animals that are found in the
diet of this species. Besides this study, Ceriantharia does not have much

information available about their feeding habits.

Based on the above, this study aims to describe the trophic performance
of Isarachnanthus nocturnus and Pachycerianthus magnus through analysis of
gastral cavity contents by microscopy techniqgues and metagenomic, to
characterize the main classes of organisms that are present in the diet of these

species.
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MATERIAL AND METHODS

Sampling and preservation

The sampling was carried out in S&o Sebastido (Alcatrazes Island), Sao
Paulo, Brazil, in Unten port and Oura bay, Okinawa, Japan. Four specimens of
Isarachnanthus nocturnus (Hartog, 1977) (Fig. 1) and two specimens of
Pachycerianthus magnus (Nakamoto, 1919) (Fig. 2) were collected manually by
SCUBA diving. For complete dataset description (sampling sites, dates, number
of cerianthids sampled and preservation) see Table 1.

These specimens were dislodged from their tubes and then, were kept
separately in containers duly labelled regarding the species name, collect location
and date. The preservation was made immediately after sampling with ethanol
100%, to stop the digestion process of these ceriantharians. It was used ethanol,
because the gastral cavity contents of these samples were used to perform the
morphological and metagenomic analysis. In addition, to the morphological
analysis of the gastral cavity contents, one sample of Pachycerianthus magnus,
collected in Unten port (Okinawa, Japan), was included. This third sample belong
to the collection of MISE (Molecular Invertebrate Systematics and Ecology)
laboratory and it was preserved in formaldehyde solution (10%). This sample was
used only for the morphological study, once that the type of preservation is not

the ideal for the molecular process.

Table 1. Sampling sites, dates, specie of ceriantharians, number of specimens

collected and type of preservation.

Local Date Species Number of Preservation
samples
Unten port 10/Sep/2016 Pachycerianthus 1 Formaldehyde
magnus
S&o Sebastido 22/May/2019 Isarachnanthus 4 Ethanol
(Alcatrazes nocturnus
Island)
Oura bay 25/Sep/2019 Pachycerianthus 1 Ethanol
magnus
Unten Port 12/Dec/2019 Pachycerianthus 1 Ethanol

magnus
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Figure 1. Specimen of Isarachnanthus nocturnus from S&o Sebastido

(Alcatrazes Island). Scale: 1.0 cm.
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Figure 2. A. Pachycerianthus magnus that was found in Oura bay between
rubbles around 5 m depth. Scale: 1.0 cm. B. Pachycerianthus magnus that was

found in Unten Port in a sand area around 4 m depth. Scale: 1.0 cm.
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Removal of gastral cavity contents

Each tube-dwelling anemone were cut longitudinally to open the
gastrovascular cavity and kept opened with acupuncture needles. In the
gastrovascular cavity was injected alcohol (100%) and then, the contents were
removed with a disposable pipette. The mesenterial filaments were also sprayed
with alcohol to release small prey items that possibly held there. Thereby, the
gastral cavity contents present in this region were removed and then divided into
two subsamples, to the morphology and metagenomic analysis, and kept
refrigerated.

Morphology analysis of gastral cavity contents

The gastral cavity contents of each specimen, Isarachnanthus nocturnus
(n=4) and Pachycerianthus magnus (n=3), were observed and sorted through
optical microscopy techniques. The shapes found into the stomach contents were
photographed and then morphologically studied.

Metagenomic analysis of the gastral cavity contents

For this approach, one sample of each locality (Brazil and Japan) were
analyzed by Novogene (USA). Before the DNA extraction of the gastral cavity
contents were conducted, the stomach contents were thoroughly homogenized
and the ethanol was drained, from the samples prior, to subsampling the
homogenized stomach contents for DNA extraction. For each DNA extract, it was
used approximately 0.2 g of homogenized gut contents, and DNA extractions
were conducted with a DNA Isolation Kit (Qiagen).

On the whole-genomic shotgun sequencing, a total of 1 ug of DNA per
sample was used as input material for the DNA sample preparations. The
sequencing libraries were generated using the NEBNext Ultra DNA Library Prep
Kit for lllumina. After this, the DNA sample was fragmented, and then the DNA
fragments were end-polished, A-tailed and ligated with the full-length adaptor for
lllumina sequencing for further PCR amplification. Then, the PCR products were
purified, and the libraries were analyzed for size distribution using an Agilent2100
Bioanalyser and quantified using real-time PCR. The clustering of the index-

coded samples was performed on a cBot Cluster Generation System according
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to the manufacturer’'s instructions. After cluster generation, the library
preparations were sequenced on an lllumina HiSeq platform, and paired-end
reads were generated. In the end, 4 sequences were obtained (each sample had
a replica from the same individual).

The sequences obtained in the Metagenomic shotgun analysis were
analyzed in the MGX metagenomic platform (Jaenicke et al., 2018 - https://mgx-
metagenomics.github.io/). The reads were blasted to NCBI database by MGX
Taxonomic Classification (E-value cutoff= 1le-5, relative identity=0.8) to identify
metazoan groups. The phylum and classes of organisms were identified for each
sequence.

For microbiome identifications, the reads were analyzed via Mothur
algorithm (Schloss et al., 2009; Schloss & Westcott, 2011) for the identification of
microbiota by 16S rRNA gene sequence implemented in MGX platform.

RESULTS

Morphology analysis

The analysis of the gastral cavity contents was performed, and it was
observed that in this approach it was not possible to identify the presence of
animals or other organism in the composition by optical microscopic techniques.
In Figure 3 and 4 it is possible to verify that the contents of the specimens of
Isarachnanthus nocturnus and Pachycerianthus magnus do not contain shapes
recognizable by morphology, just irregular masses. No type of shell or

exoskeleton was found.
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Figure 3. Gastral cavity contents of 4 specimens of Isarachnanthus nocturnus

from S&o Sebastidao channel.

Figure 4. Gastral cavity of Pachycerianthus magnus. A. Specimen from Oura

bay. B. Specimen from Unten Port. C. Specimen from Unten Port preserved in

formaldehyde.
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Metagenomics

The new-generation sequencing resulted in excellent quality reads and a
distribution of the quality of the reads can be seen in Figure 5. Fortunately, all

reads are in the green range, indicating high quality.

A W el

e e

Figure 5. Quality analysis (MGX metagenomic platform) of the sequencing reads:
Isarachnanthus nocturnus (A — Main sample; B — Replica) and Pachycerianthus

magnus (C — Main sample; D — Replica).

Diet of Isarachnanthus nocturnus by metagenomics

The phylum and main classes observed in the gastral cavity contents of
Isarachnanthus nocturnus were very diverse. In total, 34 phyla were identified in
this sample. The five most abundant phyla identified in the analysis of the
sequences were: Cnidaria (70.2%), Apicomplexa (10.7%), Euglenozoa (8.8%),
Chordata (4.9%) and Arthropoda (1.5%). Table 2 lists the data for the ten most

representative metazoan classes in the gastral cavity contents of Isarachnanthus
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nocturnus and the percentage of each, based on the number of reads found in
the sequencing. The index values of Simpson and Shannon, respectively, were
0.633 and 1.749 and in the replica 0.659 and 1.693.

Table 2. Ten most representative Metazoan classes in the gastral cavity contents
of Isarachnanthus nocturnus and the number of reads found in the sequencing

(except Anthozoa).

Main sample Replica
Classes Number of % Classes Number of %
reads reads

Actinopterygii 10.307 5.8 | Actinopterygii 10.065 5.7
Leptocardii 5.505 3.1 | Leptocardii 5.621 3.2
Insecta 5.141 2.8 | Insecta 4,945 2.8
Bivalvia 4.058 2.2 | Bivalvia 4.065 2.3
Enteropneusta 2.935 1.7 | Enteropneusta 2.909 1.7
Echinoidea 2.779 1.6 | Echinoidea 2.733 1.6
Mammalia 2.019 1.1 | Mammalia 1.902 1.0
Gastropoda 1.741 1.0 | Gastropoda 1.772 1.0
Priapulimorpha 1.717 1.0 | Hydrozoa 1.641 0.9
Hydrozoa 1.650 0.9 | Priapulimorpha 1.588 0.9

Among the classes identified in the gastral cavity contents by
metagenomics, Anthozoa was the most representative, probably this happened,
because some fragments of the gastrovascular cavity or the mesenteries were in
the samples. The preys that the cerianthid probably captured (Table 2), we see
a predominance of fishes, Actinopterygii and Leptocardii (class of marine
chordates). However, other preys were also representative, such as the case of
Insecta, Bivalvia and Enteropneusta (marine hemicordate that are found in the
mud or sand areas).

The difference that occurred comparing the results was the presence of
some classes, that was not present in both. The classes Bangiophyceae
(multicellular red algae from the phylum Rhodophyta) and Tremellomycetes
(fungi) were observed in the main sample, and Trebouxiophyceae (green algae)

and Filasterea (group of protozoa) were just in the replica.



Diet of Pachycerianthus magnus by metagenomics

The diversity of dietary items In Pachycerianhtus magnus spanned 56
classes belonging to 32 phyla. The most abundant phyla for this species were:
Cnidaria (71.1%), Apicomplexa (11.8%), Euglenozoa (7.0%), Chordata (4.4%),
Arthropoda (1.5%), and Mollusca (1.2%). Table 3 exhibited the ten most
representative Metazoan classes in the gastral cavity of Pachycerianthus
magnus, and the percentage of each, based on the number of reads in the

sequences.

Table 3. Ten most representative Metazoan classes in the gastral cavity content
of Pachycerianthus magnus and the number of reads found in the sequencing

(except Anthozoa).

Main sample Replica
Classes Number of % Classes Number of %
reads reads

Actinopterygii 20.905 6.0 | Actinopterygii 20.592 6.1
Insecta 11.757 3.4 | Insecta 11.895 3.5
Mammalia 9.736 2.8 | Mammalia 9.612 2.9
Bivalvia 8.784 2.5 | Leptocardii 8.773 2.6
Leptocardii 8.754 2.5 | Bivalvia 8.772 2.6
Enteropneusta 4.366 1.3 | Enteropneusta 4.338 1.3
Gastropoda 4.235 1.2 | Gastropoda 4.257 1.3
Hydrozoa 3.831 1.1 | Hydrozoa 3.675 1.1
Echinoidea 3.717 1.1 | Echinoidea 3.672 1.1
Priapulimorpha 3.354 1.0 | Priapulimorpha 3.260 1.0

Based on Table 3, it was observed that in both reads exhibited the same
Metazoan groups. Apart from Anthozoa, the most representative classes in the
gastral cavity were Actinopterygii, Insecta, Mammalia, Bivalvia, and Leptocardii.
Only two classes were identified only in one of the analysis of the sequences:

Cryptophyceae (algae) and Chlorophyceae (green algae). The other groups were

obtained in both analyses.
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Feeding habits comparison

The feeding habits of both species looks really similar independent of the
local that the species was sampled. The main classes obtained in the
metagenomic approach for Isarachnanthus nocturnus and Pachycerianthus
magnus, revealed that both species showed similar groups of organisms in the
gastral cavity contents. The ten most representative classes in the gastral cavity
contents were the same in both species.

Microbiota in gastrovascular cavity of Isarachnanthus nocturnus and

Pachycerianthus magnus

The type of sequencing performed allowed the study of the entire biota
present within the gastrovascular cavity of Ceriantharia, not only those that were
the prey that the polyps fed on, but also the organisms involved in the digestion
process. Thus, in Tables 4 and 5 are the main components of organisms, non-

metazoans, present in the samples.

Table 4. Ten most representative non-Metazoan classes in the gastral cavity

contents of Isarachnanthus nocturnus and the number of reads found in the

sequencing.
Main sample Replica
Classes Number of reads Classes Number of reads
Aconoidasida 68.378 Aconoidasida 67.733
Actinobacteria 57.878 Actinobacteria 62.567
Kinetoplastea 56.240 Kinetoplastea 55.818
Gammaproteobacteria 31.003 Gammaproteobacteria 31.396
Betaproteobacteria 15.780 Betaproteobacteria 13.125
Alphaproteobacteria 5.090 Bacilli 5.169
Bacilli 4.847 Alphaproteobacteria 4.637
Deltaproteobacteria 2.358 Flavobacteriia 2.439
Flavobacteriia 2.341 Deltaproteobacteria 2.286
Mixiomycetes 1.811 Mixiomycetes 1.979
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Table 5. Ten most representative non-Metazoan items in the gastral cavity
contents of Pachycerianthus magnus and the number of reads found in the

sequencing.
Main sample Replica

Classes Number of reads | Classes Number of reads
Aconoidasida 147.541 Aconoidasida 146.164
Kinetoplastea 87.292 Kinetoplastea 78.764
Gammaproteobacteria 49.661 Gammaproteobacteria 50.602
Actinobacteria 44.337 Actinobacteria 60.243
Betaproteobacteria 21.935 Bacilli 13.503
Bacilli 12.808 Betaproteobacteria 12.871
Alphaproteobacteria 7.802 Alphaproteobacteria 7.283
Mixiomycetes 5.433 Mixiomycetes 5.547
Methanomicrobiota 5.371 Methanomicrobiota 4.890
Eurotiomycetes 4.360 Eurotiomycetes 4411

The results demonstrate a surprising cohesion between the microbiota of
specimens from Brazil and from Japan. Practically the ten groups with the biggest
representativeness in the samples are the same in both locations. There is clearly
a dominance of four groups, Aconoidasida, Kinetoplastea, Gammaproteobacteria
and Actinobacteria. Apicomplexa of the class Aconoidasida (class of
apicomplexan parasites) were the most representative. These are the intestinal
parasites of many organisms and, apparently, do not aid digestion with the
currently recognized patterns. On the other hand, Actinobacteria and
Gammaproteobacteria, which are represented in large quantities in both species,
contains several genera that are active in the digestive tract of many organisms.
Thr class Kinetoplastea, group of free-living and parasitic flagellates, found in soil

and aquatic environments, probably are involved in digestion process
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DISCUSSION

Feeding habits in Ceriantharia

Different from other studies about the feeding habits in Anthozoa, which
recognized several species of animals in the stomach contents by morphological
techniques (e.g. Eleftheriou, A. & Basford, 1983; Chintiroglou & Koukouras,
1991,1992; Acufia & Zamponi, 1996; Tsurpalo & Kostina, 2003), in these
specimens of Ceriantharia it was not possible. Thus, it can be said that the gastral
cavity contents of these organisms were at a more advanced level of digestion.
In this way, the animals captured by these tube-dwelling anemones do not fully
or partially present their original shape, making it impossible to identify them.

The recognition of feeding and diet patterns in some Anthozoa groups are
very scarce (Ribes et al., 1999a; 2003). Most of the studies are concentrated in
only two groups, Actiniaria and Scleractinia (e.g. Chintiroglou & Koukouras,
1991,1992; Lasker, 1976; Kuanula et al., 2016). Despite the recognition of the
importance of obtaining this type of data, almost nothing is known about this
behavior in most of the species of Cnidaria, especially in smaller groups, such as
the subclass Ceriantharia (Stampar, 2012; Stampar et al., 2015b, Stampar et al.,
2016). In gorgonians (Alcyonacea), aspects of the feeding process are one of the
least aspects that are understood in their biology. Possibly, the aspect that
corroborated for this is due to the difficulty to find in the gastral cavity contents
samples, a significant quantity of prey and identify the items (Lasker, 1981). In
the study about feeding habits of Cerianthus loydii by Eleftheriou & Basford
(1983), one of the problems was that in part of the samples were not possible
identify the organisms in the gastral cavity contents, since the digestion process
was in an advanced level or the gastrovascular cavity was empty.

Thus, the possibility of developing a molecular approach in samples where
it is not possible to identify organisms by morphology in the gastrovascular
contents becomes much more interesting. In the literature, among the various of
techniques used to characterize the food web and the diet of organisms, the
molecular analysis of the gastral cavity contents becomes more powerful, since
species-diagnostic in DNA fragments can be revealed after several hours of

digestion (Symondson, 2002; Leray et al., 2015).
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In the metagenomic analysis, it was possible to observe the groups that
were present in the gastral cavity contents of the two species of Ceriantharia.
Regardless of whether the specimens are, from Brazil or Japan, there seems that
the feeding pattern is quite clear, once that the classes of animals observed on
both were similar. Differently from the study by Chintiroglou and Koukouras
(1992), where they observed that in some anemone species, there were changes
in feeding habits under influence in the changes of location. It is important to
highlight that, most likely, the prevalence of prey in Ceriantharia refers to larvae
from different groups. Thus, the main trophic activity of this group is in planktonic
organisms and large populations can have a great impact on the pressures of
organisms with planktonic larvae. This is quite different from the organisms that
are always used as a reference for Ceriantharia, the Actiniaria. Several studies
demonstrate that these organisms act much more in benthic organisms (e.g.
Acuiia et al., 2001), thus acting in a food niche totally different from Ceriantharia.

Another truly relevant aspect is the priority action in fish. As these
organisms are unlikely to be feeding on adult fish, we believe that Ceriantharia
feed on eggs and, mainly, fish larvae. Interestingly, crustaceans were not a major
part of the food menu of these organisms. As a general concept, different groups
of crustaceans are used as a food reference for Cnidaria. In this case, the present
study proves that this standard cannot be applied to Ceriantharia.

Therefore, we strongly encourage the development of approaches related
to dietary studies, especially for groups where the amount of information is
minimal. Thus, with the development of more studies on this topic, there will be a
better understanding of the trophic performance, food chain and the trophic niche

of the species that make up the class Anthozoa.

Microbiota in gastrovascular cavity of Isarachnanthus nocturnus and

Pachycerianthus magnus

Several marine metazoans are dependent on a specific microbiota in order
to survive. In this way, the host-associated microorganisms may also have
fundamental impacts on their ecology and evolution (Fraune & Bosch, 2010).
Some authors argue that organisms are born germ-free and obtain the microbiota

associated with different systems in the environment and, normally, this
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microbiota reflects the surrounding area (Tietjen, 2014). Some studies show that
the larvae acquire the microbiota shortly after the egg hatches, and the eggshell
itself may contain part of that microbiota and thus transfer to the new organism
(Broderick & Lemaitre, 2012). Our results indicate that there is a great cohesion
of microbiotes, but it is not possible to suggest an acquisition mechanism. On the
other hand, the results make it clear that at least part of this microbiota has an
important role in the digestion process in these organisms. Another very relevant
point and based on the similarity between organisms from completely different
areas, this microbiota must have a very strong evolutionary relationship. In any
case, further study of these results may indicate more specific profiles of the

performance of this microbiota.
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CONCLUSAO GERAL

Com base nos resultados obtidos foi possivel observar que a realizacao
de estudos sobre a performance trofica e dos padrdes alimentares em Anthozoa
ainda sdo pouco conhecidos. Visto que essa € a maior classe filo Cnidaria, o
namero de estudos realizados é pequeno se comparado com o numero de
espécies que essa classe apresenta (137 artigos para 7200 espécies descritas
dentro do grupo). Grupos menores e que tipicamente ndo sdo encontrados em
recifes de corais sdo 0s que apresentam a menor quantidade de estudos
relacionados a esse tépico. Ceriantharia, € a subclasse que apresentou a menor
guantidade de pesquisas (3 estudos) e desta forma, a realizacdo de estudos
relacionados a essa vertente, é de extrema relevancia para se compreender
sobre como os organismos desse grupo impactam no ecossistema ao qual estao

inseridos.

Na realizacdo das analises do conteudo estomacal de duas espécies de
Ceriantharia, Isarachnanthus nocturnus e Pachycerianthus magnus,
demonstramos que por meio de analises morfoldgicas, via técnicas de
microscopia, ndo foi possivel identificar as possiveis classes de animais que
estavam presentes. Nao foi observado nenhum vestigio, como conchas ou
exoesqueleto, no conteudo retirado da cavidade gastrovascular dos espécimes
coletados (n=7). Desta forma, a realizacéo de analises moleculares do contetdo

estomacal dessas espécies é extremamente relevante.

As analises metagendmicas evidenciaram que os habitos alimentares de
Isarachnanthus nocturnus e Pachycerianthus magnus sao bastante similares,
uma vez que majoritariamente, as mesmas classes foram identificadas no
contetdo estomacal de ambas as espécies. O nicho tréfico das duas espécies é
bastante abrangente, visto que houve uma grande diversidade de classes de
organismos observados no sequenciamento do conteudo estomacal desses

espécimes.

Assim, a partir de nossas analises foi possivel verificar que independente

espécie e localidade, as duas espécies de ceriantos apresentam as mesmas
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classes de animais em sua rede alimentar. Além disso, evidenciamos que as
analises moleculares do conteudo estomacal, principalmente para amostras que

apresentam um nivel mais avancado de digestédo, sdo as mais recomendadas.
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