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TUBES OF CERIANTHARIA (CNIDARIA; ANTHOZOA): A MARINE HABITATION

FROM ITS CONSTRUCTION TO ITS GUESTS

Abstract
This study assessed marine biodiversity of microbes and metazoans found in
ceriantharian tubes via species characterization, using both species traditional
recognition and metagenomics of environmental DNA (eDNA) methods, and it
also described ceriantharian tube-building behavior patterns. Using the
traditional method for species characterization, 14 taxa of crustaceans were
identified, including one novel species, Podocerus carmelina sp. nov., found in
Ceriantheomorphe brasiliensis tubes (Mello-Leitdo, 1919) (n = 3) and in
unidentified tubes (n = 5). Also, two new location records for previously known
crustacean species were reported as well as an identification key for Podocerus
species with type localities in the Atlantic Ocean was provided. Analyses of
eDNA metagenomics in tubes of C. brasiliensis (n = 2) and Ceriantheopsis
lineata Stampar, Scarabino, Pastorino & Morandini, 2015 (n = 2) showed that
these ceriantharian tubes are composed of 79% microbial families and 21%
metazoan families. Moreover, tubes from different locations presented a higher
metazoan diversity than the microbial that nearly remained unaltered, indicating
that, although microbial families are abundant in ceriantharian tubes, they are
uniform throughout different locations. The ceriantharian tube-building research
revealed that Botrucnidifer norvegicus Carlgren, 1912 can build ramified tubes
housing two polyps, adult C. brasiliensis lacks substrate selection mechanisms
and sediment capture, is able to build more than a single tube throughout life,
usually vertically oriented, and its behavior may differ from the species
Isarachnanthus nocturnus (den Hartog, 1977) and Cerianthus vogti Danielssen,
1890. The ceriantharian tube is critical in controlling the internal water pressure
in ceriantharians in addition to providing protection. In conclusion, this research
demonstrated that, other than biodiverse microhabitats, ceriantharian tubes are
potential tools for basic research and biodiversity surveys, driving studies of

ecology, behavior, life cycles and cnidae toxicity.

Keywords: behavior, bioconstruction, eDNA, marine biodiversity,

metagenomics, microhabitat.
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Introduction

Coral reefs are recognized as valuable sources of biological diversity. As
such, they play an important role in marine biodiversity as they provide suitable
feeding locations and habitats for a wide variety of species [1]. Despite this,
competition between reef-dwelling organisms is likely to occur, mainly over
recruitment space which is the most disputed resource in coral reefs [2]. The
availability of these areas is recognized as a limiting factor for species that rely
on reef establishment to complete their life cycle. As a result, the shortage of
dwelling spaces, along with the high demand for reefs, may drive the search for
alternative settlement habitation structures [2].

In this scenario, some studies on Ceriantharia (Cnidaria; Anthozoa), also
known as tube-dwelling anemones (e.g. 3—4), suggest that ceriantharian tubes
(Fig. 1) can provide suitable habitats for the survival of various marine
invertebrate species, acting as alternative substrates for these organisms. The
findings in these investigations assist in understanding if such structures
have an ecological function similar to that observed in coral reefs, although in a

smaller scale, and may thus be designated as rich microhabitats.

Fig. 1 Several tubes of Ceriantheomorphe brasiliensis, two of which had polyps extending
outwards (Photo: Marcelo Krause).
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Although groups such as Bryozoa, Crustacea, Phoronida, Mollusca, and
Sipuncula have been observed anchored on the ceriantharian tube [3—4-5-6—
7], knowledge on the species that can use this microhabitat is still very limited,
particularly when restricted to a macroscopic view. As a result, there is still a
biased perception of the variety and ecological significance of these structures.

Currently, it is estimated that the number of worldwide known species is
considerably lower than the real biological variety in the planet, reflecting the
gap of biodiversity information while emphasizing the need for more studies that
provide registration of the numerous undiscovered species. As shown by some
taxonomic studies (e.g. 8-9), there are around 8.7 million eukaryotic species
worldwide, although only approximately 1.6 million have been discovered.
Furthermore, when it comes to marine animals, records suggest that only 9% of
all species on the planet are known [8-10]. Nonetheless, while no precise
estimate of the number of prokaryotic species exists, Gilbert et al. [11] found
nearly 6 million bacterial taxa at the species or genus level in their investigation
and yet they support the idea that this estimate is still lower than the predicted
bacterial abundance globally.

Even so, the relevance of biodiversity records extends beyond
demonstrating the richness of species in a given space/time to comparing
reports of new species with older records, providing an abundance projection of
known species, demonstrating the loss of current biodiversity, and estimating
future extinction rates [8-9-12]. Some strategies are used to recognize
biodiversity, such as species traditional recognition and recognition based on

genomic data.

Species traditional recognition

Species traditional recognition focuses on morphological characters
which, although effective in the field, have disadvantages. For example, the
taxonomy of some worm groups (e.g. Nematoda) is reliant on electron
microscopy methods, which are both costly and time-consuming to employ [13—
14]. Another issue is that traditional identification may be misleading because
species recognition and determination are credited based on the perspective of

its identifier [15]. On the other hand, species identification based on molecular
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data has gained interest among researchers since its information arrangement
allows more consistent identifications [16]. Thus, the methodology in this work
was based on environmental DNA (eDNA) metagenomics to identify molecular
data from species in ceriantharian tubes and characterize them.

eDNA and Metagenomics

Because of the high phenotypic plasticity found in several species from a
number of taxonomic groups, recognizing global biodiversity only by traditional
methods has been a major challenge [17]. A greater challenge yet, is attempting
to identify a species when it is impossible to visually confirm their presence in a
particular environment.

As Gilbert et al. [11] have already pointed out, the diversity of microbial
species is vast, as microorganisms can be found in the most diverse
ecosystems, making accurate quantification difficult. However, combining eDNA
analysis with metagenomics approach enabled a better understanding of the
variety of organisms found in a given environment.

The set of genomic DNA of an entire community of organisms obtained
from the same site, such as water droplets, soil, and substrates, is referred to
as eDNA [18-19-20-21]. Metagenomics, otherwise, refers to the technique that
allows eDNA extraction [22].

In the last 10 years, the metagenomic approach has been widely used,
integrating knowledge in ecological, microbiological, industrial, and health fields
[23—24]. In addition to the fact that it is a rather rapid technique to conduct, it
also allows the identification of microorganisms using a small amount of
material from the most diverse environments, including microhabitats [25].

This approach has a variety of applications, including the identification of
microorganisms of importance to the human population without the need for
their cultivation in laboratory [25], the registration of species, including unknown
organisms [26—27-28], and the recognition of threatened species [29] as well as
the monitoring of past and present biodiversity [30], thus assisting in the area of
taxonomy.

Currently, metagenomic research employing eDNA has been conducted

with fungi, viruses, gastrointestinal microorganisms and microorganisms found
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in wounds, bacteria, archaea [31-32-33-34-35-36], and also in aquatic
ecosystems, providing a wealth of information on microorganisms that live in
these habitats [28—37-38-39-40-41].

As there may be more than a million species in a gram of sediment or in
a single drop of water, marine microbial metagenomics is one of the most data-
rich fields [18], revealing the immense species variety found in marine
ecosystems [42-43]. Moreover, metagenomics often records microbial
communities associating with other organisms, such as anthozoans [44-45].
Thus, the qualitative metagenomic analysis of ceriantharian tubes could provide
molecular data on species composition heterogeneity, including fragmented
specimens, and organic compounds found amidst the sediments adhered to this
structure/substrate, similar to the studies by Wei et al. [46] with sediments found
in the Yellow Sea in China, and Grassle and Maciolek [47] that were able to
estimate species richness found in deep seas through the evaluation of seabed

samples.

Marine Bioconstructions

Elevated and often multi-layered structures created by benthic animals,
from the aggregation and accumulation of components found both on the
seafloor or synthesized by themselves, are common in the marine ecosystem
[48]. Because of their building activities, such animals are considered as
bioconstructors or ecosystem engineers [49], and structures formed by their
activities are referred to as bioconstructions or biogenic reefs [50]. Similar to
coral and algae reefs, the ceriantharian tube is a biogenic structure, although
soft, produced by "cementing" activities in which small sediment fragments are
adhered to cnida filaments produced by the bioconstructor, like in the process of
tube bioconstruction by tube polychaetes [51]. Additionally, ceriantharian tubes
are built on unconsolidated substrates and may be one of the few alternatives of
consolidated structures for species establishment in these habitats [3].

Bioconstructions increase spatial complexity and provide secondary
substrates for species establishment throughout several generations, as such
structures may be modified and maintained by bioconstructors other than those

who built them initially [52-53]. Thus, bioconstructions play an essential role in
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terms of species diversity found in marine ecosystems, generating and
sustaining biodiversity, and hence contributing to the maintenance of
ecosystems' high levels.

It is not uncommon to investigate fauna found in biogenic reefs, and it
has been previously done in numerous groups such as algae [54], polychaetes
[55-56-57], and cnidarians [58]. However, the use of molecular tools to conduct
fauna survey in ceriantharian bioconstructions is unprecedented and has the
potential to contribute to the identification of biodiversity in these microhabitats
as well as to possibly designate them as biodiversity hotspots.

Is Ceriantharia's tube-building behavior inherited?

Stampar et al. [59] investigated the ultrastructure and ptychocyst
production/release for ceriantharian tube construction. However, changes in
tube formation in response to diverse substrates were not addressed, and one
of the current questions is whether the polyp is likely to select sediments during
tube building. If so, is this an intentional or random choice? These guiding
guestions are rather relevant because the composition of organisms using the
tube as a substrate may be modified by the polyp's own performance.

Based on the scenario described above, the goal in this study was to
better understand the role of ceriantharian tubes as microhabitats for the
management of marine biodiversity. To do so, metazoan and microbial diversity
found in ceriantharian tubes of Ceriantheomorphe brasiliensis (Mello-Leitéo,
1919) and Ceriantheopsis lineata Stampar, Scarabino, Pastorino & Morandini,
2015 was identified, the changes in species composition in relation to the
ecosystem in which these bioconstructions were built was investigated, and the
tube-building behavior of Botrucnidifer norvegicus Carlgren, 1912 and C.
brasiliensis was described based on observations in laboratory and in natural
habitat (only the latter).

Objectives

The overall goal in this study was to look into the potential of the

ceriantharian tube as marine biodiversity rich microhabitat by describing and
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