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Abstract The life cycles of many marine taxa are still
unknown, especially those species with indirect develop-
ment and long-lived larval stages. Life cycles of cnidar-
ians are relatively well known for most groups except
Ceriantharia. This taxon presents taxonomic problems
stemming from the lack of association between planktonic
larval forms, often described as distinct species, with the
corresponding adult benthic stages. Our study focused
on the development of larvae with peculiar external mor-
phology that could be linked to a described species estab-
lished from adult specimens. Through cultivation of these
larvae to juveniles with adult-like morphology and also
with the use of DNA barcoding, it was possible to link
the stages observed to a known species, Isarachnanthus
nocturnus. Based on life span of the larva in the plankton
(63-118 days), the larvae could potentially drift for about
20004000 km along the coast. Because rearing larvae
in the laboratory may be complex and time-consuming
and also because morphological data may have limited
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distinguishing power for specific identification of larvae
collected in the field, we suggest and discuss the use of
DNA barcoding as a tool to connect life stages of species of
cerianthids and invertebrates in general.

Introduction

For most sessile benthic species, the primary dispersal
phase is normally represented by the earliest life-history
stages, such as free-swimming embryos and planktonic lar-
vae (Cowen and Sponaugle 2009). Precise identification of
these propagules at species level is essential for estimating
dispersal and for understanding population connectivity and
distribution patterns. Identification to species level based on
morphology alone is often inaccurate or even impossible,
as larvae of closely related species usually share common
morphological features. Also, in general, taxonomy is based
on adults, as the early life-history stages have a simple
morphology, often very distinct from the adult. When life-
history stages are unknown, linking larva to adult and vice
versa depends on direct studies of the life cycle or the avail-
ability of molecular data as a means of linking larval stages
to known adults (e.g., Ko et al. 2013; Bernal et al. 2014).

Studies on the behavior and life cycle of cnidarian spe-
cies in the laboratory and in situ are still rare for many
groups of cnidarians, especially Ceriantharia (Tiffon 1987),
although such studies are essential to identifying the spe-
cies and populations (e.g., Jarms et al. 2002).

Members of the subclass Ceriantharia, commonly
known as tube anemones, are relatively large sessile ani-
mals that live semi-buried in the sediment (Stampar et al.
2014a). They produce pelagic larvae that resemble medu-
sae, with a circlet of marginal and labial tentacles. Many
genera and species have been named solely from the
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pelagic larvae, while the adults and their life cycle remain
unknown (Molodtsova 2004). Some authors (e.g., Leloup
1964) have treated these planktonic ceriantharians as valid
species, while others believe that they must be larval or
young stages of benthic species (see Tiffon 1987; Molodts-
ova 2004). Knowledge of the life cycles and the connection
between planktonic and benthic stages makes it possible
to gradually eliminate the double taxonomy that is still in
use, which has caused systematic problems and may hin-
der the evaluation of the family’s biodiversity—a problem
analogous to the double taxonomy of polyps and medusae
of Hydrozoa (Nyholm 1943; Naumov 1969; Jarms 1990).
Only a few studies on Ceriantharia have elucidated the
connection between planktonic and benthic forms (e.g.,
Nyholm 1943). As a case in point, a long-existing misiden-
tification of a pelagic species (Tessera gemmaria), which
was considered to be a stauromedusan, was recently recog-
nized as a planktonic larval stage of a member of Cerian-
tharia (Rodriguez et al. 2011).

Until now, life cycles of ceriantharian species can be
divided into two general types: long-term larvae lasting
several weeks in the water column (different morphology
in each case) and short-term larvae (planula-like) lasting
only a few hours in the plankton (Nyholm 1943; Uchida
1979; Tiffon 1987). However, this classification was devel-
oped based only on individuals of the family Cerianthidae.
The life cycles of the other two families, Arachnactidae and
Botrucnidiferidae, are completely unknown. Some speci-
mens of Arachnactidae (Arachnactis albida) have been
observed in plankton time series, but without exact correla-
tion with benthic species (Sars 1846; van Beneden 1898).

Traditionally, linking larvae to adults, and vice versa,
depends on direct studies of the life cycles; however, rear-
ing larvae in the laboratory may be complex and time-
consuming, particularly for species with long-lived larval
stages (Jarms et al. 2002). Also, morphological data may
have limited distinguishing power for specific identification
of larvae collected in the field, due to phenotypic plastic-
ity in larval morphology as well as variation in life-cycle
patterns, for species with complex life cycles (e.g., Boero
et al. 1992; Minelli and Fusco 2010). By contrast, DNA
barcoding is very efficient for this and can be applied to
virtually all taxonomic groups and in preserved specimens
(Weeb et al. 2006; Heimeier et al. 2010).

This contribution describes the larval development, set-
tlement and polyp growth of Isarachnanthus nocturnus, a
species of the family Arachnactidae from the western South
Atlantic Ocean. It is also shown, for the first time, that
DNA barcoding is an effective and relatively cheap method
for the identification of larval cerianthids, and if widely
employed could substantially enhance the knowledge of
biodiversity of the subclass Ceriantharia.
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Materials and methods
Sampling and rearing

Three larvae were collected in three different years (May
5, 2012, Larva A; May 15, 2013, Larva B; and May 30,
2014, Larva C), in the Sao Sebastido Channel (south-
eastern Brazil, 23°49/52"S 045°24/39"W) with a stand-
ard plankton net (300 wm mesh size) towed horizontally
at the sea surface. The larvae were kept in an aquarium
(closed system) with aeration at the water surface causing
a slight circulation. This system was maintained in dim
light (with a black box placed over the aquarium) and a
thin layer (~1 cm) of sand on the bottom. The water cir-
culation helped the larvae to remain above the bottom.
Newly hatched nauplii of Artemia sp. and concentrated
freshly collected plankton were offered daily. The larvae
were kept in this system until they settled (burrowed in the
sand). Each newly settled larva was moved to a glass bowl
(15 cm diameter, 0.5 1 volume) with sand, and the bowl
was placed in a larger aquarium (100 1). The young polyps
were kept in this system until the end of the observations,
and were observed and documented daily. Larva and adult
specimens were deposited in Museu de Zoologia da Uni-
versidade de Sdo Paulo, MZUSP 1478 and others (detailed
data in GenBank record).

Species identification

As few larvae were available and our goal was to follow
and describe the life cycle, we did not preserve the larvae.
The identification was based on rearing the larvae and on
molecular data, as defined by Stampar et al. (2012, 2014b)
and Stampar and Morandini (2014). DNA was extracted
using InstaGene (Bio-Rad) from single tentacles removed
from the polyps just after settlement. Genes were ampli-
fied using the PCR technique, and then the PCR products
were purified with the AMPure® kit (Agencourt®). The
PCR primers CB1 and CB2 (Cunningham and Buss 1993)
were used to amplify part of the 16S gene (expected frag-
ment of 435-681 bp), and LCO1490 and HCO2198 (Fol-
mer et al. 1994) to amplify part of the COI gene (expected
fragment of 670-804 bp) (mitochondrial markers, ribo-
somal and protein-coding genes, respectively). Primers
JIITS-5f (Dawson and Jacobs 2001) and CAS28sB1d (Ji
et al. 2003) were used to amplify the target fragment of
the nuclear ribosomal unit, including the complete internal
transcriber spacer 1 (expected fragment of 121-129 bp),
the 5.8S ribosomal subunit and the internal transcriber
spacer 2 (expected fragment of 203-227 bp). Sequences
were assembled and edited using Geneious™ 6.1 (Drum-
mond et al. 2002). The alignment in each molecular
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Table 1 Observations on early- Collection date Larva A Larva B Larva C
stage larvae of Isarachnanthus
nocturnus collected in the Sdo May 5, 2012 May 15,2013 May 30, 2014
ido Ch 1, southeas
ls?‘igjisltlao Channel, southeastern Height of column when collected (mm) 1 1 0.4
No. of marginal tentacles when collected 8 7 4
No. of labial tentacles when collected 0 0 0
Time until settlement (days) 63 119 68

Fig. 1 Images of different
stages of the life cycle of
Isarachnanthus nocturnus,
from Sao Sebastido Channel,
southeastern Brazil. a Adult;

b recently collected larva,
probably a few hours old; ¢
2-day-old larva with 7 tentacles;
d 18-day-old larva with visible
acontioids in M-mesenteries; e,
g larva between 20 and 30 days
old with transparent stretching
column and labial tentacles; h
40-day-old larva; i 50-day-old
larva showing more-intense col-
oration; j 60-day-old larva with
aboral pore; k 70-day-old indi-
vidual already metamorphosed;
1 100-day-old individual extend-
ing out of the sand. a no scale;
b 0.3 mm; ¢ 0.5 mm;d 1 mm;
e4 mm; f5mm;g h6.5mm;

i 8 mm; j 8 mm; k 10 mm and
115 mm

marker was done using MUSCLE in default parameters
(Edgar 2004). New sequences were submitted to GenBank
[numbers JF915197 (COI), JF915192 (16S) and JX125641
(ITS)]. Kimura’s two-parameter model of base substitution
was used to calculate genetic distances in MEGAS soft-
ware (Tamura et al. 2011).

Results
Species identification

The DNA extracted from tentacles of the three speci-
mens was analyzed using four molecular markers (168,
COlI, ITS1 and ITS2) and compared with data avail-
able from Stampar et al. (2012). The divergence of
these gene markers was nonexistent compared with
the population of benthic I. nocturnus from Segredo
Beach at CEBIMar-USP on the Sdo Sebastido Channel.
The sequences obtained for the three specimens were
exactly the same.

Life cycle

General life-cycle observations such as size and morphol-
ogy when collected, and time until settlement are presented
in Table 1. Just after settlement, the larvae started to burrow
and remained in the sediment for 4-7 days; after this time
the polyps emerged, already with the adult morphology.

Description of stages (Fig. 1a—j; Tables 1, 2)
Larva (4—-16 marginal tentacles)

The larvae were approximately cone- or ball-shaped,
slightly higher than broad, with a circle of 4 (Larva C), 7
(Larva B) or 9 (Larva A) marginal tentacles. The large slit-
like mouth was at the top of a prominent conical projection
situated in the center of the oral disk. The tentacles were
transparent, short and thick, with dark, rounded and slightly
swollen tips. The tentacles were positioned perpendicularly
to the oral/aboral longitudinal axis of the body, remaining
quite rigid and motionless most of the time. The larvae had
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Table 2 Development time (days) from early larval stage to newly settled polyp of Isarachnanthus nocturnus

Specimen 8 marginal tentacles First labial tentacle 4 labial tentacles 12 marginal ten- 15 marginal ten- 16 marginal ten-  Settlement
tacles tacles tacles

LarvaA 0 5 8 20 45 62 63

LarvaB 4 6 10 29 53 84 119

LarvaC 9 11 14 30 42 64 68

nearly neutral buoyancy; in still water, they floated near the
surface, with the mouth facing downward, slowly rotating
on the longitudinal axis due to the beating of the cilia cov-
ering the entire body surface. When placed in a Petri dish,
they glided slowly with the aboral end directed forward.
The pharynx, the directive mesenteries and the first pair of
protomesenteries (Fig. 1c), and the parenchymal cells that
filled most of the gastrovascular cavity were partially visi-
ble through the translucent body. The column became more
rounded after 5-10 days. After a few more days, the area
occupied by the parenchymal cells gradually decreased,
opening space in the gastrovascular cavity while new mes-
enteries were added. Observation of these mesenteries was
possible only during the first 20-25 days, after which the
larvae acquired a milky-white color, losing transparency.
After 20 days, Larva A was 8 mm long, with 12 marginal
tentacles and five oral tentacles (Fig. 1d). The two acon-
tioids (terminal region of the second pair of M-mesenteries)
also appeared, becoming evident in the region near the ter-
minal pore.

The column of the larvae gradually elongated and
acquired a tan color. The tentacles also gradually length-
ened and became more active, curling and contracting
from time to time and in response to external stimuli.
After 40—45 days in culture, they reached 1.2 cm in length,
with at least 14 marginal tentacles and 7 labial tentacles
(Fig. 1h). Although they still remained in the water column
due to the water circulation, the larvae acquired negative
buoyancy, tending to stay near the bottom of the culture
dish. Just before settling, the larvae had 16 marginal and
9 labial tentacles, and the columns had grown more than
10 times (1.5 cm) longer than they were at the beginning
of the observations. The ciliated epithelium allowed the lar-
vae to move slowly when placed in standing water, but their
responses to mechanical stimuli were much faster. Larvae
A and C developed at almost the same rate. However, Larva
B developed more slowly after day 20 (see Table 2).

Settlement
After 63—119 days in culture, the larvae settled, burrowing
into the sand on the bottom of the culture dish, and began to

release ptychocysts, producing the first external tube. The
small polyps remained in the sediment for 4-7 days before

@ Springer

the first exteriorization of the crown of tentacles for feed-
ing. The major modifications observed were a significant
lengthening of the column, from ~1.5 cm before settlement
to 4 cm long after settlement, and the appearance of color
bands (brown and milky white) on the tentacles (Fig. 1k, I,
Larva A). At this stage, there was a noticeable darkening of
the column, which became dark brown in the adult.

Growth and maturation

After settlement, the polyps started to open their tentacle
crowns almost every night when food was offered. Ini-
tially the number of tentacles was the same as in the pre-
settlement larvae (16 marginal and 9-10 labial). The polyps
were maintained in culture for over 100 days (30-110 days
after settlement). Larva A had 28 marginal tentacles and 14
labial ones (Fig. 2, Larva A), and its extended column was
14 cm long. At this stage, it was possible to observe (by
transparency) the presence of early oocytes in the mesen-
teries. From time to time, the polyp produced a branch of
the tube from the aboral end with a new opening (Fig. 3).

Discussion
Taxonomy

The validity of planktonic species is an interesting issue
in the taxonomy of Ceriantharia. Since the description of
the first planktonic species by Sars (1846), a number of dif-
ferent authors followed him, culminating in a long list of
“species” and a chaotic pattern. Unfortunately, few authors
focused on the consequences of this illogical kind of spe-
cies descriptions and attempted to correct it. Bourne (1919)
discussed the possible relationship of A. albida Sars, 1846
with benthic forms in the same area. Picton and Manuel
(1985) mentioned “... If Arachnanthus sarsi Carlgren,
1912 were proved to be conspecific with Arachnactis albida
Sars, 1846 then the latter, senior name would have priority.
The genus Arachnanthus Carlgren, 1912 would become a
junior synonym of Arachnactis Sars, 1846 (the type-species
being A. albida by monotypy) and the valid name of the
species would be Arachnactis albida Sars, 1846...” This is
an example of how the description of larvae as new species
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Fig. 2 Adult polyp of Isarachnanthus nocturnus obtained from the
developed larva (Larva A). Scale 40 mm

can have serious taxonomic implications, making it dif-
ficult to estimate the diversity of the group and requiring
great effort to stabilize the nomenclature. Because many

investigators have described species based on the plank-
tonic stage alone, 32 genera of Ceriantharia are represented
exclusively by planktonic forms, whereas benthic polyps
are known for only 8 genera (Molodtsova 2004). Described
planktonic species and the kind of studies carried out
with each one are listed in Table 3. Almost all the species,
pertaining to more than 90 % of the genera, have been
described only taxonomically and are otherwise unstudied.

The planktonic morphotype or “planktonic polyp” of
Arachnactidae has a superficial resemblance to jellyfish,
although its internal anatomy is of a regular young form of
Ceriantharia. It is not clear whether this is an evolutionary
convergence in body form due to similar selective pressures
imposed by the planktonic environment (as is transpar-
ency for pelagic animals, e.g., Johnsen 2001), or whether
the resemblance is due to a close phylogenetic relation-
ship. The larva of Isarachnanthus resembles the descrip-
tions of a number of planktonic ceriantharians. This is due
to the recognition of species and genera based on incon-
sistent or variable characters (e.g., number and form of
tentacles, body size, pigmentation), a practice still in use
(e.g., Molodtsova 2003). In fact, a reliable morphological
analysis is currently almost impossible because the consist-
ency of the available morphological characters cannot be
verified in most cases. Furthermore, in Ceriantharia a num-
ber of developmental larval stages of a single benthic form
may have been described as different species, because the
characters used to delimit the “larval species” change with
development (e.g., number and shape of structures).

Our results showed that it is possible to identify lar-
val forms based on different molecular markers (16S,
COI, ITS1 and ITS2) and using small amounts of tissue,
in this case a piece of tentacle. This approach allows the
animals (larvae) to be maintained alive for further devel-
opmental observations, without the need to rear them to
adults for morphological identification, or to preserve them

Fig. 3 Horizontal galleries produced by Isarachnanthus nocturnus. a
Detail of galleries seen from the underside of the glass container; b a
fragment of galleries taken from the sediment. White arrow bifurca-

tion of the galleries; black arrow Isarachnanthus polyp seen by trans-
parency within a gallery. Scales 20 mm

@ Springer
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Table 3 Comparative data for planktonic species and genera of Ceriantharia. For each genus, kind of information available and reference for
developmental data are listed

Family Genus Species with some developmental ~ Available information Developmental references
information
Arachnactidae
Anactinia A. carlgreni Development stages described Nair (1944)
A. indiana
A. pelagica
Arachnactis A. albida Development stages described van Beneden (1898); Carlgren
A. indica (1906); McMurrich (1910);
A. sibogae Bourne (1919); Panikkar (1947);
Nair (1944)
Bursanthus Species descriptions None
Dactylactis Species descriptions None
Engodactylactis Species descriptions None
Isapiactis Species descriptions None
Isarachnactis L. brevis Development stages described Carlgren (1924); Calabresi (1928);
L. lobiancoi Nair (1944)
Isovactis Species descriptions None
Nautanthus Species descriptions None
Ovactis Species descriptions None
Paranactinia Species descriptions None
Parovactis Species descriptions None
Sacculactis Species descriptions None
Cerianthidae
Anthoactis Species descriptions None
Apiactis A. bengalensis Development stages described Panikkar (1936)
Isodactylactis L. affinis Development stages described Carlgren (1924); Calabresi (1927);
L. borealis Widersten (1998)
1. discors
Paradactylactis Species descriptions None
Peponactis Species descriptions None
Plesiodactylactis Species descriptions None
Solasteractis Species descriptions None
Synarachnactis  S. bournei Life cycle inferred Carlgren (1924); Nyholm (1943)
Syndactylactis Species descriptions None
Trichactis Species descriptions None
Botrucnidiferidae
Angianthula Species descriptions None
Atractanthula Species descriptions None
Botrucnidiata Species descriptions None
Calpanthula Species descriptions None
Cerianthula C. atlantica Development stages described van Beneden (1924); Carlgren
(1931)
Gymnanthula Species descriptions None
Hensenanthula Species descriptions None
Ovanthula Species descriptions None
Sphaeranthula Species descriptions None

adequately for additional morphological studies, such as
histology, or as voucher specimens. Molodtsova (2004)
stated ... due to uniformity in appearance and morphology
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of benthic Arachnactidae, only the cnidom and the type
of planktonic larva can serve as reliable features for taxo-
nomical identification of adult arachnactids.” Although in
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Medusozoa the size of the cnidocyst may be useful in spe-
cies discrimination, in Anthozoa this character is less use-
ful due to the continuous growth of cnidocytes (e.g, Acufia
et al. 2011, for sea anemones); this problem may apply
particularly to efforts directed at linking larvae to adults of
ceriantharians. Furthermore, at least in sea anemones, the
complex biometry of the cnidocysts is in part an impedi-
ment to their use in taxonomy (Acuiia et al. 2011). In the
case of Isarachnanthus maderensis and I. nocturnus, Stam-
par et al. (2012) remarked that “the length of several cnida
types of specimens from different areas and different spe-
cies overlapped and provided weak resolution to distin-
guish among species.”

In many instances, the use of different molecular mark-
ers may be a more reliable tool for taxonomic identifica-
tion than are certain morphological features. This approach
has been suggested for other groups and apparently is an
efficient method for unambiguously associating the devel-
opmental stages of organisms (e.g., Ahrens et al. 2007; Ko
et al. 2013). Thus, the development of large molecular data-
bases combined with morphological information is needed.
Perhaps only in this way will it be possible to solve a num-
ber of taxonomic questions regarding these “larval species”
of ceriantharians. The same approach can be applied to any
marine taxon for which life cycles are unknown or still not
completely known, especially those of species with long-
lived larval stages and complex life cycles.

Finally, the specimens analyzed in this study and also
those treated by Rodriguez et al. (2011) resemble the
specimens assigned by van Beneden (1898) to the genus
Ovactis. Thus, it will be no surprise if larvae of some other
Isarachnanthus species correspond to the genus Ovactis, a
question that may be solved in the future with the use of
molecular markers as proposed here.

Biology

The lack of complete information on the life cycle of
benthic species of Arachnactidae (Arachnanthus and
Isarachnanthus) makes it impossible to compare the larva
of I. nocturnus with those of other species of the fam-
ily. However, for the family Cerianthidae, there is avail-
able information about the life cycle of species that have
planktonic larvae. Two species, Cerianthus membranaceus
and C. lloydii, have their life cycle described and are well
known (Haime 1854; Nyholm 1943; Riemann-Ziirneck
1968), and some features are similar in both groups. The
presence of “Nahrungsdotter,” a kind of yolk that helps in
larvae flotation, metachronous ciliary movement on the
tentacles, and “swimming” behavior close to the surface
(see further in Riemann-Ziirneck 1968) are in accordance
with our observations. Furthermore, the descriptions often
mention that larvae usually keep the oral region toward the

water surface, whereas the larvae of Isarachnanthus almost
always position themselves with the mouth toward the bot-
tom. Following settlement, burrowing and metamorphosis,
in the first period of benthic life the polyp creeps on the
substrate for up to 10 days and then begins to produce the
primary tube, as Nyholm (1943) observed for C. lloydii.

In the laboratory, the polyp of I. nocturnus produced a
tube system, not a single tube. Hartog (1977), after field
observations, reported that the tube of 1. nocturnus is not
placed in a vertical position, and also supposed that it could
in fact be a tube system (although he did not use the term
“tube system”). Therefore, based on this evidence, the tube
pattern of I. nocturnus is quite different from that known
for other species of Ceriantharia. The recognized pattern
for Ceriantharia is a single tube with only one exit through
which the polyp may partly extend (see discussion by
Stampar et al. 2015). The tube system with several open-
ings allows the polyp of I. nocturnus to place its feeding
tentacles in a favorable position in relation to the water
current and may also provide different escape routes from
predators.

The Sdo Sebastido Channel contains a relatively large
population of I. nocturnus (Stampar et al. 2012). Because
the larvae of I. nocturnus were collected at an early stage of
development, we presume that they originated in the same
or a nearby area in the channel. The long period of plank-
tonic larval life observed in the laboratory indicates that the
species may have a high dispersal capacity. Considering the
average speed of the Brazil Current [1.48 km/h, in conserv-
ative estimates (Silveira et al. 2000)] and the life span of the
larva in the plankton (63—118 days), the larvae could poten-
tially drift for about 2000-4000 km along the coast. How-
ever, there is no information about the biology and ecology
of cerianthid larvae, such as vertical migration, which com-
bined with hydrodynamic conditions could either constrain
or foster dispersal. Nevertheless, the species has a wide lat-
itudinal distribution (I. nocturnus, Stampar et al. 2012) that
is consistent with a life cycle that includes a larva with high
dispersal potential. Stampar et al. (2012) observed a high
degree of genetic mixing among populations of the species
along the Brazilian coast, which could be explained by dis-
persal of the long-lived larval stage.
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