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ABSTRACT: Severa species of deep-water sea anemones belonging to three genera,
Scyonis, Ophiodiscus and Tealidium, previously assigned to Actinostolidae, are recorded
in North Pacific and North Atlantic and described. It is shown that these genera cannot be
maintained within Actinostolidae. Family Sicyonidae was reinstated for Scyonis and
Ophiodiscus, while Tealidium, together with related Anthosactis and Hormosoma, is
transferred to a new family Anthosactinidae fam.n. Recently described Tetracoelactis,
originally assigned to Exocoelactinidae, is transferred to a new family Tetracoel actinidae
fam.n., which shows some affinity with Sicyonidae. Removing Scyonis from Actinostol-
idaeinthe present work resulted in the validation of thisfamily: till now wide usage of this
family name was invalid because Actinostolidae Carlgren, 1893 was a junior subjective
synonym of Sicyonidae Hertwig, 1882. The following new taxa are described: Scyonis
denisovi sp.n., Scyonis kuznetsovi sp.n., Sicyonis titanic sp.n., Ophiodiscus bukini sp.n.,
Ophiodiscus moskalevi sp.n., Tealidium konoplinorum sp.n., Anthosactinidae fam.n.,
Tetracoel actinidae fam.n.
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cemeiictBo Anthosactinidae fam.n. Hexasuo onmcanmsiii pos Tetracoelactis, opurunains-
HO OTHeceHHbIH Kk Exocoelactinidae, mepemeren B HoBoe cemeiicTBo Tetracoel actinidae
fam.n., kotopoe uMeeT HEKOTOpoe cX0/cTBO ¢ Sicyonidae. Y nanenue poxa SiCyonis u3
Actinostolidae npuBeno k Banuauu TOr0 CEMENHCTBA: 10 HACTOSIIETO BPEMEHH [IHPO-
KO€ MCIOIb30BaHUE ITOT0 Ha3BaHus1 ObLTO HEBAIHIHBIM, Tak Kak Actinostolidae Carlgren,
1893 sipnstioch MiAAIIMM CyOBEKTHBHBIM CHHOHMMOM Sicyonidae Hertwig, 1882. B
paboTe omucaHbI CleAyIOIE TaKCOHBI: SICYONis denisovi sp.n., Sicyonis kuznetsovi sp.n.,
Scyonis titanic sp.n., Ophiodiscus bukini sp.n., Ophiodiscus moskalevi sp.n., Tealidium
konoplinorum sp.n., Anthosactinidae fam.n., Tetracoel actinidae fam.n.
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I ntroduction

Three genera of sea anemones, Sicyonis
Hertwig, 1882, Ophiodiscus Hertwig, 1882 and
Tealidium Hertwig, 1882, discussed in the
present work, were previously assigned to a
largefamily Actinostolidae. Thesegeneracom-
priserelatively large (or sometimesvery large)
speciesof deep-water seaanemones. They prob-
ably constituteasignificant component of deep-
water fauna and may occur in large numbersin
some habitats (e.g. in abyssal plains of North
Atlantic, see Doumenc, 1975 and Riemann-
Zirneck, 1991) but are surprisingly poorly
known and rarely recorded. In particular, the
genus Sicyoniscurrently contains 16 species, 12
of which are known only from the original
descriptions often based on a single or a few
specimens. Members of Ophiodiscus are re-
ported herefor thefirst timesincethisgenuswas
described by Hertwig (1882) from a material
collected by Challenger Expedition, and two
previously known speciesof Tealidiumalso are
known from very old original descriptions
(Hertwig, 1882 and Carlgren, 1921). Type ma-
terial of all previously known species of Ophio-
discus and Tealidiumis in poor condition: the
material collected by Challenger Expedition
and described by Hertwig (1882) was fixed in
chromic acid and the specimenswereaready in
a very mutilated condition when he examined
them; Riemann-Zirneck (1997) tried to reex-
amine type specimen of Tealidium jungerseni
Carlgren, 1921 but gathered no valuable infor-
mation fromit. In contrast, the newly recorded
specimens of Sicyonis, Ophiodiscus, and Tea-
lidium, reported in the present work, especially
the specimens from North Pacific collected by
ROV during two recent expeditions, are in ex-
cellent condition and, that is especially impor-
tant, accompanied by underwater photographs
of live expanded specimens in their natural
habitat. This material allowed us not only to
provide very detailed descriptions of new spe-
cies belonging to Scyonis, Ophiodiscus, and
Tealidium, but also to reveal afamiliar assign-
ment of discussed generaand show, onthebasis
of their morphology supported by molecular
data, that they should not be maintained in the
family Actinostolidae.
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Material and methods

Themain part of thematerial, used in the present
study, was collected in 2016 and 2018 during 75 and
82 cruises of RV Akademik M.A. Lavrentyev in the
Bering Sea. In these expeditionsthe specimenswere
collected by ROV Comanche 18 NSCMB FEB RAS
(A.V. Zhirmunsky National Scientific Center for
Marine Biology, Far East Branch of Russian Acad-
emy of Sciences). Most of them were photographi-
cally documented by ROV Comanche 18 in natural
habitat and photographs were kindly provided by
NSCMB FEB RAS. In addition, available speci-
mens collected by the following expeditions were
used: 22 cruise of RV Akademik Mstislav Keldysh,
1990, NE Pacific; 49 cruise of RV Akademik Ms-
tislav Keldysh, 2003, East Atlantic; RV G.O. Sars,
MAR-ECO cruise, 2004, North Atlantic.

The main methods and terminology are the same
as in our previous papers (the preparation of histo-
logical sectionsisoutlined in details by Sanamyan et
al., 2019; the usage of basic dyes to stain nemato-
cystsin Sanamyan et al., 2013; cnidae terminology
and the usage of other terms in Sanamyan et al.,
2012). We should especially stress that we consider
important to use the method of Hand (1954) to study
cnidae. This method allows precisely determine the
sizeranges of cnidae (by scanning the whole sample
for largest and smallest capsules) which we consider
a more valuable characteristic for the species than
mean values or sizeranges obtained by measurement
limited number of randomly selected cnidae. The
latter method produces statistically significant dif-
ferencesnot only between the samplesfrom different
specimens of the same species, but also between
mean lengths of cnidaein replicate samplesfrom the
same specimen (see Williams, 1996). It makes no
sense to indicate the number of measured cnidae
when the method of Hand (1954) isused (becausein
most cases hundreds or thousands capsules are eval -
uated), but for rare types of cnidaeweindicatein the
text the number of measured ones. All nematocyst
listed in Tables 1-7 were found in all mentioned
specimens, unless otherwise indicated in the text.

In the specimens which have bilateral symmetry
in relation to the directive plane we conditionally
distinguish “dorsal” and “ventral” directives and,
accordingly, “dorsal”, lateral and “ventral” primary
exocoel s (in analogy or homology with Tetracoelac-
tisioran Sanamyan, Sanamyan, 2019 and in agree-
ment with Carlgren, 1921: 216, who used the term
“ventrolateral primary exocoels’ for the exocoels
named here “ventral”).

The specimens are stored in Museum of the
Institute of Marine Biology, A.V. Zhirmunsky Na-
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tional Scientific Center of Marine Biology FEB
RAS, Vladivostok (MIMB) and Zoological Muse-
um Moscow State University (ZMMU).

For molecular analysis small pieces of tissues
fixed in 96% ethanol were used. Total DNA was
extracted using Wizard SV Genomic DNA Purifica-
tion System (Promega) following the manufactur-
er's protocol. The mitochondrial (12S rRNA, 16S
rRNA, COIIll) and nuclear (18S rRNA and 28S
rRNA) gene fragments were amplified using pub-
lished primers and protocols (Geller, Walton, 2001;
Bocharova, 2015; Sanamyan et al., 2018).

Sequence reaction was run using the BigDye
v3.1reagent kit (Applied Biosystems®). Purified and
denatured reaction products were analyzed in the
capillary molecular analyzer ABI PRISM 3500 (Ap-
plied Biosystems®) using POP7 gel polymer. In
order to treat the chromatograms, a Sequencing
Analysis 3.7 (Applied Biosystems®) and Geneious
R10 were applied. Forward and reverse sequences
wereassembledinand compared (viaBLAST) against
the nucleotide database of GenBank to determine
whether the target locus and organism were se-
guenced rather than a symbiont or other contami-
nant. Additional molecular data were obtained from
GenBank. Species names and GenBank accession
numbers of the DNA sequences used for the phylo-
genetic analysis are listed in Supplement Table 1.

Sequenceswerealigned separately for eachmark-
er using the Mafft v7.409 with E-INS-i agorithm
and “—maxiterate 1000" option (Katoh, Standley,
2013). Alignments were inspected and edited manu-
aly in AliView v.1.24 (Larsson, 2014). Final con-
catenated alignment contained 4481 bp including
gaps. A ML treewasgenerated by |Q-TREE v.1.6.12
(Nguyen et al., 2015) running on local machine
using automatic model selection (Kalyaanamoorthy
et al., 2017) and ultrafast bootstrap approximation
(Hoang et al., 2018). Bayesian estimation of poste-
rior probability was performed in MrBayes 3.2.6
(Ronquist et al., 2012). Four Markov chains were
sampled at intervals of 500 generations. Analysis
was started with random starting trees and 107 gen-
erations. To view, edit and print final tree MEGA7
(Kumar et al., 2016) was used.

Taxonomic history of discussed
taxa

Three genera, Sicyonis, Ophiodiscusand Tealid-
ium, members of which are described in the present
paper, were originally described by Hertwig (1882)
in his fundamental work based on the material col-
lected by Challenger Expedition. Inthiswork Hertwig
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(1882) created severa families: the genus Sicyonis
was placed into its own family Sicyonidae Hertwig,
1882, while the genera Ophiodiscus and Tealidium
and a number of other genera were placed to the
family Paractinidae Hertwig, 1882. Sicyonidae, ac-
cording to Hertwig (1882: 41), characterized by
“tetramerous arrangement of septa’ and small knob-
like tentacles while Paractinidae comprised “ Hexac-
tiniae with numerous perfect septa’ and with strong
mesogloeal sphincter.

Carlgren (1893: 66) formally placed the genus
Actinostola Verrill, 1883 in Paractinidae, but then,
in the same work (Carlgren, 1893: 137), created a
new family Actinostolidae Carlgren, 1893 for Acti-
nostola and Somphia Gosse, 1859 in which mesen-
teriesinyounger cyclesare unequally devel oped and
suggested to save Paractinidae for species in which
individual mesenteries in each pair are equally de-
veloped. Stephenson (1920) accepted Actinostol-
idae as a subfamily of Paractinidae. He recognized
three subfamilies of Paractinidae:

1) Paractinae, comprising genera with the me-
senteries of one and the same pair “about equally
developed, or if any inequality occursitisirregularly
developed” (Stephenson, 1920: 549);

2) Actinostolinae, in which youngest cycles of
the mesenteries are unequally developed according
to so called Actinostola-rule (“one partner in each
pair being larger than theother in such away that that
partner is always larger which stands further away
from the adjacent mesenterial pair of the next oldest
cycle’ Stephenson, 1920: 549);

3) Polysiphoniinae, currently recognized asExo-
coelactinidae Carlgren, 1925.

Stephenson (1920) placed Tealidium and Scyo-
nis to subfamily Paractinae while Ophiodiscus was
assigned to Actinostolinae. Carlgren (1921) ques-
tioned distinction between Paractinae and Actinos-
tolinae and used Paractinidae asavalid family name.
Later Carlgren (1932) decided that the genus Parac-
tis Milne-Edwards et Haime, 1851 is too poorly
known and began to use the name Actinostolidae
instead of Paractinidae for amost the same set of
genera. In his catalogue of genera and families
Carlgren (1949) provided diagnoses of Actinostol-
idae and 20 genera he included in this family. Ac-
cording to Carlgren (1949) the family Actinostol-
idae comprises all sea anemones with definite base,
mesogloeal sphincter, no acontia and not bilaterally
arranged mesenteries which are not divisible into
macro- and microcnemes. Basing on the above men-
tioned criteria several genera were added to this
family in the second half of the 20-th century.

Riemann-Zurneck (1978) was first who recog-
nized that thefamily is heterogeneousand comprises
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not related genera. Basing solely on the nematocyst
data she reinstated the family Actinoscyphiidae
Stephenson, 1920 and removed Actinoscyphia
Stephenson, 1920 and very similar Epiparactis Car-
Igren, 1921 from Actinostolidae. Further molecular
studies supported her opinion (Rodriguez, Daly,
2010). Subsequently many other genera were re-
moved from Actinostolidae on the basis of morpho-
logical and molecular data (summarized by Rodrigu-
ez et al., 2012).

Until recently the family Actinostolidae con-
tained 17 genera (Fautin, 2016) and one more genus,
Chitinactis Gusmao et Rodriguez, 2021, was recent-
ly added (someitsfeaturesstrongly resemble Condy-
lanthus Carlgren, 1899). Many of them are poorly
known and some appear to be not closely related to
its type genus Actinostola. In the present paper we
remove Scyonis and Ophiodiscus from Actinostol-
idae and reinstate the family Sicyonidae Hertwig,
1882 for them, and create a new family Anthosac-
tinidae fam.n. for Anthosactis Danielssen, 1890,
Hormosoma Stephenson, 1918 and Tealidium.

Rodriguez et al. (2014) ranked a clade contain-
ing members of Actinostola, Stomphia, Hormosoma
and Anthosactis as a superfamily Actinostoloidea.
They defined Actinostoloidea as a superfamily con-
taining Actinostolidae and Exocoelactinidae. The
genus Capnea Forbes, 1841 (family Capneidag),
which in their phylogeny recovered as sister to
Actinostola+Stomphia clade was not included to
Actinostoloidea. Gusméo et al. (2019) suggested
changes in the diagnosis of the superfamily to in-
clude Halcampulactis Gusméao et al., 2019, whichis
recovered among these genera. Gusméao & Rodrigu-
€z (2021: 11) included also Halcampoididae to Ac-
tinostoloidea“ given its position in our phylogenetic
analysis’ (astatement not supported by phylogenetic
tree they gave, see Gusmao, Rodriguez, 2021, Fig.
2). Capnea, in their ML analysis again nestled be-
tween former actinostolid genera, it was marked asa
member of Actinostoloidea (Gusmé&o, Rodriguez,
2021, Fig. 2) but not included in the list of families
included in Actinostoloidea. In our analysis Hal-
campoides Danielssen, 1890 shows no any affinity
with former actinostolid genera (Supplement Figs 1,
2), nor it has any morphologica traits that may
suggest such affinity. It is obvious that the position
of some taxa on the phylogenetic trees strongly
depends on the details of used methods and a set of
taxaincluded in analysis. The composition and lim-
its of suprafamiliar taxa could not and should not be
determined on the basisof molecular evidencesonly.
Pending further studies, which hopefully may shed
light on avery confused situation around suprafamil-
iar taxa in Actiniaria, we prefer to refrain from
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uniting discussed familiesto one superfamily. (Note,
that Sicyonioidea Hertwig, 1882 has a priority over
Actinostoloidea Carlgren, 1893).

Nomenclatural notes and current
status of discussed families

1) Paractinidae Hertwig, 1882. Invalid, a junior
synonym of Sagartiidae Gosse, 1858. Type genusis
Paractis Milne-Edwards et Haime, 1851. Fautin
(2016) ascribed this family to Andres (1884) who
indeed used thisfamily-rank namebut Hertwig (1882)
created it earlier. Type speciesof ParactisisActinia
impatiens Couthoy in Dana, 1846, a species re-
described by McMurrich (1904), who showed that it
belongs to Sagartiidae. Therefore, family name Par-
actinidae Hertwig, 1882 is a junior synonym of
Sagartiidae Gosse, 1858. (Sagartiidae was recently
validated by Sanamyan, Sanamyan, 2020.)

3) Polysiphoniidae Carlgren, 1918. Invalid, type
genusisajunior homonym (Article 39). Type genus
Polysiphonia Hertwig, 1882 isajunior homonym of
Polysiphonia Pomel, 1872 (Sponges). Exocoelactis
Carlgren, 1925 was suggested asareplacement name
for Polysiphonia Hertwig, 1882 and current valid
family name is Exocoel actinidae Carlgren, 1925.

2) Sicyonidae Hertwig, 1882. Valid, reinstated
inthe present work. Type genusis ScyonisHertwig,
1882. Sicyonidae Hertwig, 1882 is older than Sicy-
oniidae Ortmann, 1898 (Crustacea, type genus S-
cyonia Milne-Edwards, 1830). The crustacean taxon
was originally spelled as Sicyoninae, but this name
was placed on the Officia Index of Rejected and
Invalid Family-Group namesin Zoology (see|CZN,
1956, Direction 54) while Sicyoniinae Ortmann,
1898 (correction of Sicyoninae Ortmann, 1898)
placed on the Official List of Family-Group Names
in Zoology and currently considered valid. As a
result, Sicyonidae Hertwig, 1882 and Sicyoniidae
Ortmann, 1898 are not homonyms because they
differ in one letter (Article 55.4).

3) Actinostolidae Carlgren, 1893. Validated in
the present work (by removing Scyonis from this
family). Type genus is Actinostola Verrill, 1883.
Carlgren (1949) incorrectly ascribed this family to
hiswork published in 1932 (as*“ Actinostolidae Car-
Igren, 1932") and thisincorrect date was repeated by
amost al other subsequent authors (e.g. Manuel,
1981; Fautin, 2016, etc.). Carlgren (1949) explicitly
included the genus Scyonisto thisfamily, and since
the family Sicyonidae Hertwig, 1882 has a priority
over Actinostolidae Carlgren, 1893, his usage of
Actinostolidae rather than Sicyonidae was not cor-
rect. Despite the fact that the name Actinostolidae
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currently is firmly established in the literature and
wasused inall worksdealing with the corresponding
genera, the precedence of Sicyonidae could not be
suppressed by using Article 23.9.1 because it was
used as valid after 1899 (e.g. by Bourne, 1900).
Fortunately, asis shown below in the present work,
Scyonis is not confamiliar with Actinostola and
therefore family name Actinostolidae is not threat-
ened by Sicyonidae.

Taxonomy

Order Actiniaria
Family Sicyonidae Hertwig, 1882

DIAGNOSIS. Actiniaria with definite base and
mesogloeal sphincter which is not separated from
circular endoderma musculature of column and
formsendo-mesogloeal complex withit. Acontianot
present. M esenteriesdifferentiatedinto stronger ster-
ile mesenteries which have filaments and weaker
fertile mesenteries of the last cycle without fila
ments. Cnidom: spirocysts, basitrichs, p-mastigo-
phores A and p-mastigophores B1.

Included genera: Sicyonis Hertwig, 1882 (type
genus) and Ophiodiscus Hertwig, 1882.

The family Sicyonidae (originally spelled as
Sicyonidag) was created by Hertwig (1882) for only
onethegenus, Scyonis. AccordingtoHertwig (1882)
the most important features of his family are the
tetramerous (as he believed) arrangement of the
tentacles and mesenteries and a reduction of the
tentacles to knob-like structures. None of these fea-
turesmay beused asafamily character. Themorpho-
logical characters separating Sicyonidae from Acti-
nostolidae (afamily to which Sicyoniswas assigned
by Carlgren, 1921, 1949 and all subsegquent authors)
are the following:

1) In Sicyonis and Ophiodiscus the mesenteries
are differentiated into filament bearing sterile and
filament lacking fertile mesenteries — a feature not
reported for any other former member of Actinostol-
idae sensu Carlgren (1949).

2) Although Carlgren (1949: 77) placed Scyonis
into the section entitled “Mesenteries indistinctly
arranged according to Actinostola-rule” and Ophio-
discus into the section “Mesenteries distinctly ar-
ranged according to Actinostola-rule” we failed to
confirm the presence of Actinostola-rule in any
species of Scyonis and Ophiodiscus we had chance
to examine. Actinostola-rule describes a peculiar
arrangement of the mesenteries of severa youngest
cyclesin Actinostola composed of larger and smaller
imperfect mesenteries. In contrast, in Sicyonis the
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last (=the youngest) cycle represented by fertile
mesenterial pairs composed by mesenteries of equal
size. Penultimate cycle is represented by imperfect
sterile mesenterial pairs also composed of mesenter-
iesof about the samesize. Some pairsof older cycles
of sterile mesenteries (except thefirst cycle) may be
composed of one perfect and one imperfect mesen-
tery. Thus, the inequality in the mesenteriesin Scy-
onis differs significantly from that in Actinostola.

3) Membersof Sicyonidaehave p-mastigophores
B (along with p-mastigophores A) while all species
of Actinostola and Somphia (members of Actinos-
tolidae sensu stricto), for which this feature was
reported, haveonly p-mastigophoresA. Wefound p-
mastigophores B in the filaments of all Sicyonisand
Ophiodiscus species described in the present work.

4) Molecular data strongly support the mono-
phyly of clades Scyonis+ Ophiodiscus, Anthosactis +
Tealidium+ Hormosomaand Actinostola+ Stomphia
(=Sicyonidae, Anthosactinidae fam.n. and Actinos-
tolidae sensu stricto). Two different phylogenetic
methods, Bayesian inference (Bl) and Maximum
Likelihood (ML), used to infer evolutionary rela-
tionships, resulted in very similar phylogenetic trees
(Supplement Fig. 1 and Fig. 2) with high support of
above mentioned clades: 100% bootstrap support on
ML and posterior probability = 1in Bl (Fig. 38). In
the same time, support values are lower on the
branchesjoining these clades, and they are separated
by genera belonging to other families (Exocoelac-
tinidae, Capneidae and Halcampulactinidae). To-
gether with distinct morphological differences this
demonstrates the need for these clades to be treated
as separate families. Alternative approach, uniting
together al these genera in one family (including,
possibly, members of Exocoelactinidae, Capneidae
and Halcampulactinidae) would considerably ob-
scure both morphological and molecular diversity
and is not acceptable.

Currently we include in Sicyonidae only two
genera, Scyonis and Ophiodiscus. Carlgren (1921)
created anew genus Synsicyonis Carlgren (1921) for
a species described by Hertwig (1888) as Sicyonis
elongata Hertwig, 1888. Original description of this
species is based on one poorly preserved specimen
which was “so strongly contracted that one could
hardly find the entrance to the oral disc” (Hertwig,
1888: 33). According to Hertwig (1888) this speci-
men agrees with Sicyonisin most features but fertile
mesenteries arein the distal part of column whilein
Scyonisthey arein proximal part. Hertwig's (1888)
description, however, suggests that he misinterpret-
ed the morphol ogy of this specimen. The presence of
an additional cycle of fertile mesenteriesin the distal
part of the body ishighly unlikely. Also, in this case
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the specimen should have twice as many tentaclesas
in opposite case while Hertwig (1888) counted 53
tentacles, a number typical for Scyonis. In strongly
contracted damaged preserved specimens of sea
anemones the tentacles may sometimes protrude
through the rupture of the pedal disc and thereis a
possihility that Hertwig (1888) mixed oral and abo-
ral ends of his specimen. Anyway, due to the exist-
ence of only one poorly preserved specimen of this
species, its status cannot be solved without addition-
a material fromtypelocality. Inthe present paper we
prefer to consider Synsicyonis as a probable syn-
onym of Scyonis.

Genus Scyonis Hertwig, 1882

Typespecies: Scyoniscrassa Hertwig, 1882, by
monotypy.

The most noticeable feature of the genus Scyo-
nis is the differentiation of the mesenteries into
stronger sterile mesenteries with well-devel oped fil -
aments and smaller fertile mesenteries of the last
cyclewhich havenofilamentsand present only inthe
proximal part of thebody. Thetentaclesare arranged
in two or more cycles.

Scyonis includes 16 species, al are known ex-
clusively from deep-water habitats. Most of them are
based onasingleor afew records. Half of them, eight
species, are known exclusively from North Atlantic:
S gossei (Stephenson, 1918), S. variabilis Carlgren,
1921, S. tuberculata Carlgren, 1921, S. ingolfi Car-
Igren, 1921, S. obesa (Carlgren, 1934), S.
haemisphaerica Carlgren, 1934, S. biotrans Rie-
mann-Zirneck, 1991 and S titanic sp.n. Five species
are known from Pecific: S tubulifera (Hertwig,
1882), S. careyi Eash-Loucks et Fautin, 2012, S.
heliodiscus Sanamyan et al., 2015, S. denisovi sp.n.
and S. kuznetsovi sp.n.; two from Indian Ocean: S.
crassa Hertwig, 1882 and S. sumatriensis Carlgren,
1928 and one from Antarctic: S. erythrocephala
(Pax, 1922).

Currently the genus Scyonis contains species
with rather different morphologies and the genus
may be divided into several separate genera when
more information will be accumulated. In particular,
thedistribution the tentacles over the oral disc varies
significantly in different species: the tentacles may
be distributed over a significant part of the oral disc
(S erythrocephala), or arranged in several cycleson
theexternal half of thedisc (e.g. S denisovi sp.n.), or
in two cycles on periphery of the disc (S crassa, S
heliodiscus, S. biotrans). The shape of the body also
varies considerably, from “typical actiniid” shape
(with high column) in some species, to disc shaped
as in S heliodiscus. It is evident that the species

391

currently assigned to Sicyonis display a mosaic of
discussed above features whose significance at
present is difficult to evaluate. However, for conve-
nience they may be divided into the following two
groups:

The first group includes the species with the
tentacles arranged into two distinct circles on the
margin (or very close to margin) of wide oral disc.
Thisgroup certainly includes the type species of the
genus, S. crassa, and also S hiotrans, S ingolfi, S
heliodiscus, S. gossei, S. titanic sp.n. and, possibly,
S obesa and S. haemisphaerica. At least some
speciesof thisgroup (S biotrans, S ingolfi, S titanic
sp.n. and possibly several other), live unattached on
soft bottom, in preserved condition they have a
characteristically looking aboral side with a cavity
which may befilled by mud and remnants of cuticle-
like material (Fig. 16C). They all have thick-walled
tentacles. External appearanceof liveexpanded spec-
imens in their natural habitat is known for two
speciesin this group, S. biotrans and S. heliodiscus
(see Riemann-Zirneck,1991 and Sanamyan et al.,
2015bh). Scyonis biotrans has high column and large
flat oral disc with two diverging rows of long straight
tentaclesat itsmargin. Scyonisheliodiscushasavery
different appearance, its column in live is very short
and the whole anemone is disc-shaped, the tentacles
are short but, asin other species of this group, arein
two distinct rows on the margin of the disc.

The second group includesthe specieswith three
or morecirclesof thetentacles: S. careyi, S erythro-
cephala, S variabilis, S. tuberculata, S tubulifera,
S denisovi sp.n., S kuznetsovi sp.n. The tentacles
occupy agreater part of the oral disc thaninthefirst
group, and live specimens of this group have amore
“usual” appearance and resemble many other large
seaanemones(e.g. largemembersof Urticina Ehren-
berg, 1834, Actinostola, etc.). In some speciesof this
group (e.g. S. denisovi sp.n.) the tentacles are thin-
walled, in other the mesogloea may be thickened,
especialy on the aboral side of the bases of the
tentacles.

Scyonis denisovi sp.n.
Table 1; Figs 1-6.

MATERIAL EXAMINED. NW Pecific, the
south-west Bering Sea, Volcanologists Massif. RV
Akademik M.A. Lavrentyev, 82 cruise, ROV Co-
manche 18 NSCMB FEB RAS: St. 7, sample 2,
55.3688°N, 167.2662°E, 981 m, 17 June 2018, two
specimens (holotype MIMB 41366, paratype MIMB
41367); St. 1, sample 1, 55.4171°N, 167.2773°E,
386 m, 13 June 2018 one specimen (paratype MIMB
41368). RV Akademik M.A. Lavrentyev, 75 cruise,
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Table 1. Size ranges (length x width, in microns) and distribution of cnidae of Sicyonis denisovi sp.n.
(based on five specimens). Letters in brackets correspond to lettersin Fig. 6.

Ta6muna 1. Pasmeps! (JuinHa X mMUpHHA, B MUKPOHAX) U PACIpeeieHre CTPeKaTeIbHBIX Karncy S Cyon-
isdenisovi sp.n. (mmo msitu sx3emiutsipam). BykBbI B CKOOKax COOTBETCTBYIOT OykBam Ha puc. 6.

Body region Cnidae Size ranges (Lm)
Pedal disc (A) basitrichs (common) 21-34 x 2,2-35
Column (B) basitrichs (common) 2141 x 25-3.5
(C) spirocysts (very numerous) 19-74 x 2—7.5
Tentacles (D) basitrichs (common) 2347 x 2.5-35
(E) basitrichs (common) 15.5-38.5x 24
Actinopharynx (F) p-mastigophores A (common-rare) 22-33 x 47
(G) p-mastigophores B1 (common—very rare) 22-32x 3.5-5
Filaments (H) p-ma;tigophoresA (common—few) 23-32x4-6.5
(1) p-mastigophores B 1(numerous—common) 24-35%x 3.5-5
Endoderm (J) basitrichs (see text) 13-23 x 2-3

ROV Comanche 18 NSCMB FEB RAS: St. 1, sam-
ple 1, 55.4246°N, 167.2903°E, 1061 m, 11 June
2016, one specimen (paratype MIMB 41371); St. 9,
sample 2, 55.4282°N, 167.2772°E, 986 m, 19 June
2016, one specimen (paratype MIMB 41372).
DESCRIPTION. More than 20 specimens were
photographically documented by ROV during two
expeditions, five of them were collected. All are
large, the diameter of the tentacular crown of live
specimensisabout 2025 cm, the column isabout 12
cm in diameter and of about the same height. Pre-
served specimens have aform of ashort wide cylin-
der 7-10 cm in diameter and 2.5-6.5 cm in height,
the holotype is 7 x 6 cm (Fig. 1D, E). In live the
colour of the oral disc and the tentacles is red, the
ectoderm of the column is brownish-red (Fig. 1A,
B). The tentacles are uniformly coloured, the oral
disc has darker radial bands over each exo- and
endocoel composed of series of short thin transverse
stripes (Fig. 1A). In formalin the tentacles, the oral
disc and the actinopharynx are dark brown, the ecto-
derm of the column light brown (Figs 1D, E; 2A).
The column is amost cylindrical or dightly
tapering distally with the pedal disc spread into a
rather thick broad membrane (Fig. 2A). The pedal
disc and the limbus are paler than the column (beige
in preservative). The remnants of thin easily peeling
cuticlearepresent onthe pedal disc. Inexpandedlive
specimens the surface of the column is smooth but
coarsely wrinkled in contracted preserved speci-
mens. The column is thick-walled, the thickness of
the mesogloeain itsdistal partis5 mm. Toward the
limbus the mesogloea becomes gradually thinner to
lessthan 1 mm thick in the most proximal part of the

column. Itsthickness rapidly decreasesto 25 um on
the border between the column and the pedal disc.
The mesogloea of the pedal discis100-300 um. The
ectoderm of the column is up to 100 pm thick, the
endoderm is 40-60 um. In contracted specimens a
distinct ridge 2-3 mm in height and width isformed
onthemargin (Fig. 2A, B). Large mesogloeal swell-
ings, probably caused by contraction, are sometimes
very distinct on the margin (Fig. 1C). Thedistal part
of the column cannot cover the tentacles completely:
in the preserved specimens most tentacles and a part
of the oral disc are usually visible from the exterior
(Fig. 1D).

Thetentaclesare numerous (192 in hol otype and
158,192, 176, 213 in paratypes) short, conical, more
or less pointed in live, with blunt and perforated tips
in fixed specimens (Fig. 1A, D). They are arranged
inseveral (four or five) cycleson the periphery of the
oral disc so that the whole central part of thediscis
devoid of them. The tentacles are thin-walled, they
possess no mesogloeal thickenings, the thickness of
the mesogloea is the same along the whole their
length (Fig. 4D, E).

The oral discisflat, circular and wider than the
column (Fig. 1A). Its mesogloea forms thick radial
ridges along each exo- and endocoel (Fig. 4C).

Themarginal sphincter muscleiswesk, relative-
ly long (about 1 cmin longitudinal section) and thin
in comparison with the body size, wider indistal end
(up to 0.6 mm) and gradually tapering proximally
(Fig. 2B). Itismostly mesogloeal and confined tothe
endodermal side of thewall of column, not separated
from the endodermal circular columnar muscles and
forms endo-mesogloeal complex with these mus-
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Fig. 1. Scyonisdenisovi sp.n. A — expanded specimen in natural habitat (paratype MIMB 41367); B — the
same specimen collected by manipulator; C — margin of the same specimen (in aquarium); D — formalin-
preserved holotype (MIMB 41366), top view; E — holotype, side view. A—B — photo ROV Comanche 18

NSCMB FEB RAS.

Puc. 1. Scyonisdenisovi sp.n. A — pacrpasieHHbIi xkuBo#t dk3emiuisp (maparun MIMB 41367); B — tor
e JK3eMIUIIP BO BpeMst cbopa; C — MapruH TOro e dK3eMIusipa, B akBapuyme; D —dukcnpoBaHHbIit
ronotunt (MIMB 41366) Bun ceepxy; E — ronorun, Bug cooky. A—B — ¢oro THITA Comanche 18

HHIIMB JIBO PAH.

cles. It usually occupies about one fifth of the thick-
ness of the mesogloea (up to 1/10 in more strongly
contracted specimens). The sphincter is distinctly
alveolar, with individual muscle meshes being small
and rather well spaced, longitudinally stratified (Fig.
2C, D). Thelongitudinal muscles of thetentaclesare
mesogloeal and rather weak, evenly developed on

the oral and aboral sides and along the length of the
tentacles (Fig. 4D, E). Theradial muscles of the oral
disc are mesogloeal and very strong. They are ar-
ranged into thick separate bundlesrunning over each
exo- and endocoel (Fig. 4C).

The mesenteries are divisible into two groups:
stronger, as arule sterile, filament-bearing mesen-
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Fig. 2. Scyonis denisovi sp.n., holotype MIMB 41366. A — longitudinal section of the whole specimen;
B — longitudinal section through the distal part of column; C — distal part of the sphincter; D — proximal

part of the sphincter.

Abbreviations: en — endoderm; m — mesogloea; mp — marginal projection of the column; od — oral disc; ov — ova;

s — sphincter; t — tentacle.

Puc. 2. Sicyonis denisovi sp.n., roiorun MIMB 41366. A — npozmosibHblii cpe3; B — npoonbHblii cpes
yepe3 BEPXHIOK YacTb KomomHa; C — mucTanbHbBI KoHew cduukTepa; D — mpokcumanbHas 4acTh

cuHKTEpAa.

COKpaHIeHI/BI: en — sHToACpMa, M — Me3oriies; MpP — MaerHaJIbHLIi’I BBICTYII KOJIFOMHA, od— OpaJILHLIﬁ JHCK; OV —

stifa; S — chuHKTEp; t — IIynanbie.

teries present along the whole length of the column,
and smaller fertile mesenteries of the last cycle
without filaments located in the proximal half of the
column. Stronger mesenteries are divisible into 1)
perfect pairs (both mesenteries are attached to the
actinopharynx), 2) unequal pairs (one mesentery is
attached to the actinopharynx, another not reachesit)
and 3) imperfect pairs which reach the oral disc but

not the actinopharynx. The first (six pairs) and the
second (12 pairs) cycles are composed by perfect
pairs (occasionally unequal pair may present in the
second cycle); thethird cycle may be represented by
perfect, unequal and imperfect pairs; thefourth cycle
has unequal and imperfect pairs.

The arrangement of the mesenteria cycles is
hard toreveal. Most probably the arrangement of the
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Fig. 3. Scyonis denisovi sp.n., arrangement of the
mesenteries and tentacles. A — paratype MIMB
41367; B — paratype MIMB 41371; C — paratype
MIMB 41368.

The youngest (fifth) cycle of fertile mesenteries and
exocoelic tentacles of the last cycle not shown; arrow
points to the locality of the single mesentery of the fifth
fertilecyclewhich hastrilobate filament. Numbersindicate
cycle number of mesenterial pairs. Tentacles are marked
by black dots between the mesenteries (on Figures A and
B). Male gonads on filament-bearing mesenteries of third
and fourth cycles are marked by small black circles on the
end of the mesenteries (on Figure C). Abbreviations: dd —
“dorsal” directives; vd — “ventral” directives.

Puc. 3. Scyonisdenisovi sp.n., cxeMbl OpraHu3auu
Me3eHTepueB M mrynanen. A — maparun MIMB
41367; B — mapatun MIMB 41371; C —mnapaTtun
MIMB 41368.

IMocnenuuii (IATHIA) TUKT GEPTHILHBIX ME3CHTEPHEB H
OK30LEJIbHBIC HIyTIaJIblla ITOCIEAHET0 IIUKIa HE 0003Haue-

HBI; CTPEJIKOM yKa3aHO MECTOHAXO0XKICHHE eJMHCTBEHHOTO ME3CHTEPHsI ISITOr0, GepTHIBHOTO, [IUKIIA C TPUIOOATHBIM
¢unamenrom. Homepa Me3eHTepuaabHBIX IMKIOB MOJMHCaHbl udpamu. lllynanbia mokasaHbl 4epHBIMH KPY)KKaMU
Mexay meseHtepusimu (pucyHkn A u B). Menkue u€pHble KpyXKKH Ha KOHIIAX ME3CHTEpHEB 0003HAYAIOT HAIMUYHE
MYKCKMX TOHa/1 Ha (DHIIAMEHTHECYILMX ME3EHTEPHSX TPEThEro U ueTBepToro 1ukios (pucynok C). Cokpamenus: dd —
“ mopcasibHble” HAIpPaBISIIONIME TTapbl Me3eHTepres; VA — “BeHTpasbHble” HANPABIISIOLINE [1APhl ME3CHTEPHEB.

mesenterial cyclesisaresult of combined of ausual
for most Actiniaria development of the mesenterial
pairs (with multiplication of the meristematic zones
between the pairs of the preceding cycles) and bilat-
eral mode of the development of the mesenterial
pairs. Thebilateral modeisrevea ed herein common
duplications of the pairs of one cycle (starting from
the second cycle) and in the presence of pairs with
unequally devel oped mesenteries where one mesen-
tery isperfect whileits partner isimperfect, afeature
characteristic for exocoelactid anemones with bilat-

eral arrangement of the mesenteries. The duplica-
tions are not present in the last fertile cycle of
filament-lacking mesenteries. Apparently these me-
senteries are formed only after formation of all
preceding sterile cycles, and, probably, the anemone
is sterile until al mesenterial cycles are completely
formed (confirmed by Carlgren, 1921: 220 for small
sterile specimen of S. variabilis Carlgren, 1921 in
which the last cycle of the mesenteries at base are
very small and sterile). Younger cycles are not ar-
ranged according the Actinostola-rule, but thereisa
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Fig. 4. Scyonisdenisovi sp.n. A — transverse section through the column, male specimen; B — transverse
section through the column, female specimen; C — longitudina section through the oral disc; D —
transverse section through the tentacle; E— longitudinal section through the tentacle. (A — paratype MIMB
41368; B-E — holotype MIMB 41366).

Abbreviations: ec — ectoderm; cs — central stoma; f — filaments; Im — longitudinal mesogloeal muscles of the
tentacles; mf — male follicles; ov — ova; rm — radial muscles of the oral disc; sp — siphonoglyph. Numbers indicate
cycle number of mesenterial pairs.

Puc. 4. Scyonisdenisovi sp.n. A — rnorepeyHslii cpe3 Yepes KONOMH, camell: B — nonepeunsiii cpes uepes
KOJIFOMH, CaMKa, C— HOHepC‘-IHHﬁ Cpe3 yepe3 ()paJ'II)HHﬁ JTUCK, D— HOHCpe‘-IHI;Iﬁ Cpe3 uepes mynam,ue;
E — npononbHelii cpe3 uepes mynaibie. (A — napatun MIMB 41368; B—E — ronorun MIMB 41366).
CokpaleHusi: €C — 3KTojepMa; CS — IEHTpalibHas CTOMA, f— (hrIaMeHTsr; Im — TPOJI0JIbHAS Me30reanbHast
MyCKyJaTypa mrynaier; Mf — ceMeHHHUKH; OV — siiiia; M — pajuaibHas MyCKyJlaTypa OpalbHOIO JHCKa; SPp —
cudonormud. Hudpamu 0603HaUEHBI HOMEpA [UKIOB ME3CHTEPUATBHBIX Map.
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Fig. 5. Scyonisdenisovi sp.n. A — retractor of the directive mesentery; B — the mesentery of thelast (fifth)
cycle; C— basilar muscles, D — parieto-basilar part of the mesentery of the fourth cycle; E— parietal part
of stronger mesenteries; F — unilobate (on the top) and trilobate filaments; G — spermatozoa. (A, C,D —
holotype MIMB 41366; B, E-G — paratype MIMB 41368).

Abbreviations: bm — basilar muscles; fl — parieto-basilar flap; mt — meshes of transverse muscles in the middle of
the mesogloea of the mesentery; p — the pennon of the retractor; r — retractor.

Puc. 5. Sicyonisdenisovi sp.n. A — peTpakTop Me3eHTepus IIePBOro HuKia; B — MeseHTepuii mocienaxero,
nsiToro, mukia; C — 6a3anpHble MycKyisl; D — mapuero-6asmisipHast gacts Me3enTepus 4 nukia; E —
MapueTanbHas 9acTh CHJIBHBIX Me3eHTepueB; F — dumamentsl TpuaobaTHble (BHH3Y) M yHHIOOATHBIC
(BBepxy); G — cnepmarozoussl. (A, C, D — ronorun MIMB 41366; B, E-G — naparun MIMB 41368).
Coxkpamtenust: bm — Gasansnast myckynarypa; fl — napuero-6asmisipsiii BeicTy; Mt — aibBEOJIBI € MONEPEYHON
MYCKYJIaTypoil B TOJIIIIE ME30IJIEH ME3EHTEPHEB; P — BBICTYII pEeTPaKTOpa; I — peTpaKTop.
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regularity in the unequal pairs resembling the Acti-
nostola-rule as in exocoelactids, when imperfect
mesentery in each cycle is closer to a pair of the
preceding cycle (see Sanamyan, Sanamyan, 2019),
i.e. theretractor of the perfect mesentery is faced to
the preceding cycle (although apair of the next cycle
isoften present between the pairs of thesetwo cycles
— aresult of combination of two modes of develop-
ment of themesenteries). Thereisabilateral symme-
try in some specimens in the arrangement of the
mesenteries, especially intwofirst cycles, inrelation
to the directive plane. In the next cycles of the
stronger (sterile) mesenteries the symmetry is not
evident because of duplication or absence of some
pairs and variability in development of mesenteries
in pairs from perfect to unequal or imperfect. As a
result, at first glance, the arrangement of the mesen-
teries seemsto be irregular (Fig. 3).

The assignment of the mesenterial pairs to a
particular cycle may be revealed by a position of an
endocoelic tentacle, corresponding to a pair, on the
oral disc. The specimen MIMB 41371 has 18 tenta-
clesof theinner cycle: six of them correspond to six
mesenterial pairs of the first cycle, and 12 tentacles
correspond to the mesenteria pairs of the second
cycle(they areduplicatedinall six primary exocoels,
Fig. 3B). The total number of the tentacles in this
specimen is 158 and the mesenteries are distributed
infivecyclesinafollowingway: 6 + 12 + 22 + 39 +
79=158 pairs (Fig. 3B). Photographed by ROV
paratype (MIMB 41367) has only 16 tentacles of the
inner cycle (Fig. 1A) because two tentacles, located
symmetrically on each side of the “dorsal” direc-
tives, belong to the next (the second) tentacular
cycle, although correspond to the mesenterial pairs
of thesecond cycle(Fig. 3A). Thetotal number of the
tentacles in this specimen is 176 in five cycles and
themesenteriesaredistributed infivecycles. 6 + 12 +
22 + 48 + 88=176 pairs (Fig. 3A). The mesenteries
of thethird cycle in these specimens are represented
by three pairs in the “dorsal” primary exocoels
(between the pairs of the first and the second cycle)
and by four pairsinthelateral and“ventral” exocoels
(with the duplications in middle of the exocoels
between the pairs of the second cycle Fig. 3A, B).
This arrangement again shows a bilateral symmetry
of the specimensin relation to the directive plane. A
larger specimen (MIMB 41368) has 213 tentacles
and more numerous mesenteries of the third order:
four pairsinall primary exocoels (including “dorsal”
exocoels), with duplications in the middle of the
exocoel s between the pairs of the second cycle, and
an additiona pair in one of the lateral exocoels
between the pairs of the first and the second orders
(Fig. 3C).

N.P. Sanamyan et al.

Longitudinal muscles of the mesenteries are
diffuse, continue along the whole width of the me-
sentery and form small retractor on itsadaxial (close
to actinopharynx and filaments) side (Fig. 4A, B).
Muscle processeson retractorsareweakly branched,
100-200 pminlength. Onthe older cycles, especial-
ly onthedirectives, theretractorsmay haveapennon
(Fig. 5A). Parieto-basilar muscles may form asmall
flap from 40 to 400 um in length on the older cycles
of the mesenteries. A chain of small muscle meshes
continues from parieto-basilar flap to the wall of the
column in the middle of the mesenterial mesogloea
(Fig. 5D). The depression of the flap is often con-
nected with the last mesh of thischain. According to
Carlgren (1893: 80) these muscle meshes contain
fibres of transverse mesenterial muscles which are
immersed into the mesogloea. In the parietal part of
the mesenteries the muscles are better developed on
the side of theretractor muscle: they havelonger and
more branched processes and continue much farther
in adaxial direction than on the opposite side of the
mesentery. (Fig. 5E). Parieto-basilar and longitudi-
nal muscles poorly developed on the mesenteries of
the last (fertile) cycle, but longitudinal muscles oc-
casionally form small retractors (Fig. 5B). Mesogl o-
ea of the mesenteries near trilobate filaments is
significantly thicker (to 200 pm) than the mesogloea
near the unilobate filaments (5-10 um, Fig. 5F).
Basilar muscles well-developed (Fig. 5C).

Perfect mesenterieshaveoral stomal.5-3mmin
diameter. In the region of margin mesenteries have
no stoma, it is displaced in proximal direction and
situated on thelevel of the middle part of the column
(Fig. 4A) and is in the middle of the width of all
filament-bearing mesenteries. On the older cycles
the stomaislarger (1-6 mm) and positioned closer to
the actinopharynx, while on younger cycles it has
smaller diameter (no more than 1 mm) and located
closer to thebody wall. Arellano, Fautin (2001: 650)
in the description of Exocoelactis actinostoloides
(Wassilieff, 1908) stated that “the center of some
complete mesenteries perforated by a stoma’ but
incorrectly interpreted this*“ central stoma’ as*“ atyp-
ically positioned oral stoma’ although in some me-
senteries they found typically located oral stomata
whilethe marginal stomatawere not found. Actually
thisis atypically positioned marginal (not oral) sto-
ma. We prefer to retain aname“ central stoma” for it
because it is located on a significant distance from
the margin and cannot be named “marginal stoma’.

Among five collected specimensoneismale and
four are females. Ova are large, up to 2 mm in
diameter. Male follicles 50-500 um in diameter.
Spermatozoa are radially symmetrical, 3-3.2 x 1.5—
2 um (Fig. 5G). In rare cases the ova are devel oped
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Fig. 6. Scyonis denisovi sp.n., distribution of cnidae (see Table 1 for size ranges).
Puc. 6. Scyonis denisovi sp.n., pacnpenenenne KU (pasMepsl ykaszansl B a0, 1).

on the youngest filament bearing mesenteries of
fourth cycle: one such mesentery has ova in the
specimen MIMB 41372 and one pair of mesenteries
in the holotype (MIMB 41366) (Fig. 4B). The male
specimen (MIMB 41368) has male follicles, some-
times numerous and well developed, on a half of
imperfect filament-bearing mesenteries (the fourth
and the third cycles), including five mesenteries of
unequal pairs (Figs 3C, 4A): among 104 imperfect
filament-bearing mesenteries at least 56 are fertile,
including one mesentery of imperfect pair of the
fourth cycle which has abundantly developed male
folliclesbut abnormally present only in distal part of
the column and continues along the whole oral disc
and not present in the proximal part of the column
where gonads of all fertile mesenteries of the last
cycle are located (Fig. 3C). In the last (fifth) fertile
cyclethefilamentsare not present with the exception
of one case: male specimen has short trilobate fila-
ment on one mesentery (note that thisis not the same
condition as in Parasicyonis where all mesenteries
of thelast cyclehavefilaments). It may be specul ated
that the development of gonads on many filament-
bearing mesenteries in penultimate cycles in mae
specimensisaresult of selection under conditions of
sparse distribution of the specimens and alow num-
ber of males and the need of increased production of

the sperm for better successin fertilization of eggs of
the females in the area.
Cnidom includes spirocysts, basitrichs, p-masti-
gophores A and p-mastigophores B1 (Table 1, Fig.
6). A narrow (100-200 um) band of the densely
packed basitrichs runs in the ectoderm aong the
limbus. Basitrichsin thisregion are larger (2141 x
2.5-3.5 um), than in the middle part of the column
(21-32 x 2.5-3.5 pm). Basitrichs on the tip of the
tentaclesarelonger (3447 x 2.5-3.5um) thaninthe
bases of the tentacles and on the oral disc (2242 x
2-3.5um). Spirocystsare spread on margin on some
distance (up to 4-5 mm) from the bases of the
tentacles, they are common around the bases of the
tentacles and gradually become sparse on a distance
from them. All spirocysts on thetips of the tentacles
are of gracile type (with the tubule laid in a regular
spiral). Some spirocystsin the bases of the tentacles,
oral disc and margin have irregularly coiled tubule
and resemblerobust type. However, itisnot possible
to divide spirocysts in gracile and robust type be-
cause there are many transitional forms in which
only someturnsarelaid irregularly in capsule. Most
probably the spirocysts of irregularly laid tubule do
not belong to a separate type of robust spirocysts
which are characteristic for Hormathiidae because
irregularly coiled tubules occur in the present spe-
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ciesonly in somelarger capsules (41-64 x 5-7.5 um
for “robust” spirocysts, and 19-74 x 2-6.5 um for
gracile spirocysts), while in hormathiid spirocysts
thetubuleisirregularly laidinthesmall capsulestoo.
Cnidoglandular tracts of trilobate filaments and the
endoderm near them contain sparse basitrichs (14—
19 x 2-3 pm). In unilobate filament p-mastigo-
phores A (Fig. 6H) and p-mastigophores B1 (Fig. 6
I) are present in the cnidoglandular tracts while the
basitrichs revealed in macerated samples of fila-
ments are present in widened endoderm of the diges-
tiveregion of the mesentery near the cnidoglandul ar
tracts; they are the same as in the other endoderm
(Fig. 6J) but occur more often here (95 cnidae
measured). The endoderm of the digestive region of
the mesenteries near the cnidoglandular tracts of
unilobate filaments contains remnants of food parti-
cles — hydrozoan nematocysts, sometimes very
large, indicating that intracellular digestion occurs
here. All basitrichs and p-mastigophores B1 in the
actinopharynx and filaments are stained by basic
dyes (toluidine blue) in contrast with spirocysts and
p-mastigophores A. Occurrence of p-mastigophores
A and B1 in the actinopharynx and filaments varies
in different specimens. In particular, the occurrence
of p-mastigophores A in the actinopharynx varies
from “common” (in holotype MIMB 41366 and in
paratype MIMB 41367) to “rare” (in MIMB 41368,
MIMB 41371 and MIMB 41372); in filament from
“common” (in holotypeMIMB 41366, MIMB 41371
and MIMB 41372) to “few” (in MIMB 41367 and
MIMB 41368). The occurrence of p-mastigophores
B1 in the actinopharynx varies from “common” (in
holotype MIMB 41366) to “very rare” (in MIMB
41367, MIMB 41368 and MIMB 41372) and they
arenot found in MIMB 41371, in filamentsthey are
“numerous’ (in holotype MIMB 41366 and MIMB
41371) to “common” (in MIMB 41367, MIMB
41368 and MIMB 41372). Mastigophores of each
typeintheactinopharynx andfilamentsaresimilarin
size and details of the structure. P-mastigophores A
(Fig. 6F, H) have thin-walled capsule without apical
flap, the length of the shaft in undischarged capsule
is12-19 um, discharged shaft is 2026 umin length
and about 2 pm thick; the shaft has 12—19 spiral turns
of spineswhich are about 3 um long and perpendic-
ular to the shaft; theterminal tubuleisthin and short,
up to 48 um, i.e. up to two lengths of the capsule. P-
mastigophores B1 (Fig. 6G, |) have thick-walled
capsule, three-lobed apical flap, the length of the
shaft in the capsuleis 12—-21 um, discharged shaft is
19-28 um in length and 1.2-1.5 um thick, the shaft
has 11-19 turnsof spineswhichare4-5 uminlength
and attached at an angle to the shaft with free ends
tilted toward the capsule; the terminal tubule long,
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its measured length is up to 175 um, i.e. six times
longer than the capsule. P-mastigophores A and B1
aresimilar in the size of the capsule, the length both,
discharged and undischarged shaft (it becomes about
1.5 times longer in discharged condition) and the
number of the turns of the spines on the shaft.
HABITAT. The specieswas recorded at bathyal
depths attached to stones or on firm bottom consist-
ing of mixture of small stones, gravel and sediment.
The specimens are found scattered, on large distance
one from another, they do not occur in groups, but
this species appear to be most common large species
of sea anemones on these depths (collected speci-
mens are from 386, 981, 986 and 1061 m).
ETYMOLOGY . The species is named after Vi-
taly A. Denisov, ahead of agroup worked with ROV
Comanche 18 NSCMB FEB RAS in 75 and 82
cruises of RV Akademik M.A. Lavrentyev.
REMARKS. The most important features, dis-
tinguishing the present species from other Scyonis
species are: very numerous tentacles (158-213) ar-
ranged in four or five cycles on the outer half of the
oral disc; five cycles of the mesenteries; thin-walled
tentacles without basal mesogloeal thickenings.
Unlike all other species described in the present
work this species has p-mastigophores B1 not only
in the filaments, but also in the actinopharynx.
None of three species previously reported from
Pacific bear a resemblance with S. denisovi sp.n.
Scyonis tubulifera, a poorly known species de-
scribed of f theeast coast of Japan (34°37'N, 140°32'E,
about 3400 m), haslong tentaclesand its sphincter is
much stronger than in S. denisovi sp.n., it “ contracts
the wall so strongly that the surface becomes ar-
ranged in ridge-like, projecting folds’” (Hertwig,
1882: 129). Scyonis careyi is based on numerous
specimens from East Pacific (550-3700 m). It has
significantly fewer tentacles (58-80, arranged in
three cycles) and mesenteries (about 80 pairs) than S.
denisovi sp.n. They cannot be conspecific. Sicyonis
heliodiscus from East Pacific is disc-shaped species
bearing noresemblancewith S. denisovi sp.n. Among
North Atlantic species only S. gossel has numerous
tentacles (151 in the only one known specimen), but,
in contrast with the present species, their mesogloea
isextremely thick, asin most other Scyonis species.

Scyonis kuznetsovi sp.n.
Table 2; Figs 7-11.

MATERIAL EXAMINED. Holotype MIMB
41369, RV Akademik M.A. Lavrentyev, 75 cruise,
St. 17, sample 4, 27 June 2016, NW Pecific, the
south-west Bering Sea, in the northern slope of the
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Table 2. Size ranges (length x width, in microns) and distribution of cnidae of Sicyonis kuznetsovi sp.n.
Letters in brackets correspond to lettersin Fig. 11.

Ta6muna 2. Pasmeps! (JuinHa X MUpPHHA, B MUKPOHAX) U PaclpeeieHre CTpeKaTeIbHbIX Karcyn SJCyon-
is kuznetsovi sp.n. BykBsl B ckoOKax COOTBETCTBYIOT OykBam Ha puc. 11.

Body region Cnidae Size ranges (Lm)
Pedal disc (A) basitrichs (few) 19-26 x 2.5-3
Column (B) basitrichs (common) 21-30 x 2.5-3.5
(C) spirocysts (very numerous) 2886 x 3-5.5
Tentacles (D) basitrichs (common) 36-51 x 3-3.5
. (E) basitrichs (numerous) 18-31 x 2-3
Actinopharynx (F) p-mastigophores A (few) 27-33x 456
Filaments (G) p-mastigophores A (numerous) 25-33x 456
(H) p-mastigophores B1 (very rare) 26-36 x 4-5
Endoderm (1) basitrichs (see text) 15-25 x 2-3

Fig. 7. Scyoniskuznetsovi sp.n. A—B — specimen in natural environment (holotype), photo ROV Comanche
18 NSCMB FEB RAS; C — preserved holotype, side view; D — preserved holotype, pedal disc.

Puc. 7. Scyoniskuznetsovi sp.n. A—B — xwuBoii sx3emmuisip (romotu), poro THITA Comanche 18 HHIIMb
JIBO PAH; C — ¢dukcupoBaHHbIi roioTHIl, BUa cO0Ky; D — (uKcHpOBaHHBIN FOJIOTHII, ITEIATbHBINA TUCK.
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Fig. 8. Scyonis kuznetsovi sp.n. A — longitudinal section of the whole specimen; B — longitudibal section
through the distal part of column; C — distal part of the sphincter; D — middle part of the sphincter; E —

proximal part of the sphincter.
Abbreviations: en — endoderm.

Puc. 8. Sicyonis kuznetsovi sp.n. A — nposonbHbIi cpe3; B — mpoaobHbIi cpe3 uepes3 BEpXHIOK 4acTh
komomHa; C — aucranbHbi KoHen chunkrepa; D — cpennuii yuactok chunkrepa; E— npoxcumanbHbIi

y4JacTok cHUHKTEpa.
CokpalleHus: €N — 3HToJepMa.

Volcanologists Massif, 55.4553°N, 167.2668°E,
2131 m, ROV Comanche 18 NSCMB FEB RAS,
one specimen.

DESCRIPTION. One specimen was photo-
graphically documented by ROV and collected. In

live the column is low and wider proximally than
distally, about 12 cm in the greatest diameter and
about 7 cmin height. The diameter expanded tentac-
ular crown is estimated as 18-20 cm. Preserved and
contracted specimen is dome-shaped, 7 cm in diam-
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Fig. 9. Scyonis kuznetsovi sp.n. A — transverse section of the half of column; B — transverse section of
thetentacle; C — transverse section of the oral disc; D — transverse section of the column; E —parietal part
of the fertile mesentery; F — parietal part of the sterile mesentery of the second cycle; G — parieto-basilar
part of the mesentery of the second cycle.

Abbreviations: ab — aboral side of the outer tentacle; ec — ectoderm; f — filament; fl — parieto-basilar flap; mt —
meshes of transverse musclesin the middle of the mesogloea of the mesentery; ov — ova. Numbersindicate cycle number
of mesenterial pairs.

Puc. 9. Scyoniskuznetsovi sp.n. A — nonepedHsIil cpes yepes MoJOBUHY KOIOMHA; B — monepeunsiii cpe3
yepes mrynaneiia; C — monepeuHslii cpe3 uepe3 opanbHblil A1ucK; D — monepedHslii cpe3 yepe3 KOJIIOMH;
E — napueransHas yacTs GepTHIBHOTO Me3eHTepHs; F — mapueranbHas 4acTh CTEPHIILHOTO ME3CHTEPHS
Broporo nukia; G — napueTo-0a3smIIIpHBIA Y9aCTOK ME3EHTEPHS BTOPOTO LUKIIA.

Coxparennsi: &) — abopanpHasi CTOPOHA HAPYIKHOTO IIyHaibia; eC — skroaepma; f — ¢unamentsr; fl — mapuero-
0Ga3WISIPHBIA BBICTYII; Mt — aJbBEOJIB! C MOIEPEYHOH MyCKyJIaTypol B TOJIIE Me30IJIeH Me3eHTepHeB; OV — siIa.
Hudpamn 0003Ha4eHBI HOMEPA LIUKJIOB ME3CHTEPHAIbHBIX Tap.
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Fig. 10. Scyonis kuznetsovi sp.n., arrangement of
the mesenteries.

Gonadsare marked by small black circleson theend of the
mesenteries of the last cycle.

Abbreviations: dd — “dorsal” directives; vd — “ventral”
directives. Numbers indicate cycle number of mesenterial
pairs.

Puc. 10. Scyonis kuznetsovi sp.n., opraumsarust
ME3EHTEpHUEB.

T'oHapl 0003HAYEHBI YEPHBIMHM KPY)KOUKAMH Ha KOHLAX
Me3eHTepueB nocieadero mukna. Cokpamenus: dd —
“ JopcaibHble” HANPaBISIOIKE TTapbl Me3eHTepues; Vd —
“BEHTpaJIbHbIE” HAIIPABIISAIOIINE Tapbl Me3eHTepHeB. L{ud-
pamu 0003HaYEHBI HOMEPA LIUKJIOB ME3EHTEPHAJIbHBIX I1ap.

eter and 3.5 cm high. Inlivethewhol e specimen was
light rose-beige, the tentacles somewhat paler than
the column (Fig. 7A, B). In formalin the column is
brown due to the colour of the ectoderm, with white
patches of mesogloea in the places where the ecto-
derm is abraded (Fig. 7C). Ectoderm of the pedal
disc is beige, paler than the column (Fig. 7D), has
remnants of easily peeling cuticle-like film. The
tentacles are colourless and the internal lining of the
actinopharynx is dark brown (Fig. 8A).

The pedal disc is circular, concave (Fig. 7D).
The surface of the column is smooth, with sparse
shallow wrinklesin preserved specimen. Mesenteri-
al insertions are visible as shallow longitudinal fur-
rows at the limbus and the proximal part of column.
The column is thick-walled, the thickness of the
mesogloeaisup to 5 mmin its middle, much thinner
at limbus. Ectoderm of column isfirm and thin, 40—
50 um. The distal part of the column can amost
completely cover the tentacles (Fig. 7C).

There are about 80 tentacles arranged in at least
four cycles on the periphery of the oral disc. All
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tentacles are of about the samelength, slightly taper-
ing, with blunt perforated tips. The mesogloea of the
tentacles is not thick and its thickness is the same
along the whole length of the tentacle (Fig. 9B). The
tentacles have no mesogloeal thickenings at base.

The marginal sphincter muscle is strong, wide
distally and tapering in the proximal direction, and
rather long (about one third or more of the column
height). It's main distal part occupies to 3/4 of the
mesogloeathickness (Fig. 8B). Itischiefly mesoglo-
eal, confined to the endodermal side of the mesoglo-
ea of column, not separated from the circular endo-
dermal musculature of the column and makes endo-
mesogloeal complex with it. The main distal part of
the sphincter is distinctly reticular, especialy in its
part lying closer to the endodermal side of the
mesogloea (Fig. 8C), but muscle meshes become
sparser and the structure gradually becomes alveolar
in anarrow proximal part of the sphincter and in the
middlelayersof the mesogloea(Fig. 8D, E). Branch-
es of the endodermal circular muscles continue into
horizontal groups of meshes of the sphincter muscle
so that horizontal stratification is formed, which is
well visible at the middle and proximal parts of the
sphincter (Fig. 8D). Actually the sphincter muscle
may be called endomesogloeal.

The longitudina muscles of the tentacles are
strong, mesogloeal, almost evenly developed on the
oral and aboral sidesand along thelength of theinner
tentacles but weaker on the aboral side of the outer
tentacles (Fig. 9B). The radial muscles of the oral
disc are mesogloeal, moderately developed (Fig.
9C), not separated from the longitudinal muscles on
the oral side of the tentacles.

The mesenteries are divisible into stronger ster-
ile mesenteries which have filaments (40 pairs) and
weaker fertile mesenteries of the last cycle which
have no filaments (40 pairs). The latter are present
only inthe proximal half of the column. Sixteen pairs
of mesenteries belonging to the first and the second
cycles are perfect. In addition, four other pairs are
composed of unequally developed mesenteries, one
perfect and one imperfect mesentery. Smaller (im-
perfect) mesentery in these pairs is closer to the
nearest pair of the mesenteries of the second cycle.
Sixteen perfect pairs suggest that the arrangement of
the mesenteries is octomerous. However, after a
comparison with the arrangement of the tentacles,
thefirst cycle of which contains six tentacleslocated
closer to the mouth than the other tentacles, we
conclude that the first cycle of the mesenteries has
six pairs, and the second cycle has 10 pairs: in the
lateral and “ventral” primary exocoelsthe mesenter-
iesof the second cycle areduplicated (Fig. 10). Four
pairs composed of unequally developed mesenteries
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Fig. 11. Sicyonis kuznetsovi sp.n., distribution of cnidae (see Table 2 for size ranges).
Puc. 11. Scyonis kuznetsovi sp.n., pacnipenenerne KHUJ (pa3mMepbl yKa3aHbl B Ta0ONI. 2).

arelocated in the same lateral and “ventral” primary
exocoels. Endocoelic tentacles, communicating with
these pairs, are located on the oral disc between the
tentaclesof the second and third cycles. Twenty pairs
of the third cycle also peculiarly distributed in two
lateral and two “ventral” primary exocoels (Fig. 10).
These four primary exocoels contain identical set
similarly arranged mesenteriesof thesecondtofourth
cycles, which, unlike mesenteriesin “dorsal” prima-
ry exocoels, are arranged not in ausual way but with
some traits resembling bilateral arrangement of the
mesenteries in the middle of the exocoels. This is
suggested by the duplicationsin the second and third
cyclesand the presence of the pairs composed of one
perfect and one imperfect mesentery (as in Exo-
coelactinidae). Thusthewhole specimenishilateral -
ly symmetricin relation to the directive plane. Pairs
of the third and fourth cycles are composed of more
or less equally developed mesenteries, Actinostola-
rule cannot be applied to them.

Sterile mesenteries have well developed long
diffuse retractors with usually branched muscle pro-
cesses (Fig. 9D). Their parietobasilar muscles form
ashort flap (up to 170 um in length). The mesogloea
of the mesenteries in the region of parietobasilar
muscles contains chains of meshes with muscle
fibers(Fig. 9G). Fertile mesenteries have short weak

retractors (Fig. 9E), their parietobasilar muscles are
very weak. Both sides of the parietal (closer to the
body wall) part of the mesenteries have noticeably
developed muscles constituting the parietal part of
the mesenterial musculature (Fig. 9E, F). Ontheside
of retractor muscle they continue much farther along
themesentery than on the opposite side of the mesen-
tery.

The mesenteries have oral and central stomata
(see description of the previous species) about 0.5~
1 mmindiameter. Thecentral stomataaresituated on
adistanceof about 2cmfromthemargin, i.e.inabout
the middle of the height of the column. The mesog-
loea of the mesenteries near thetrilobate filamentsis
thick (morethan 100 um), much thicker than near the
unilobate filaments (10-20 pum).

The gonads, containing large ova up to 1.5 mm
in diameter, are well developed (Fig. 9D).

Cnidom includes spirocysts, basitrichs, p-masti-
gophores A, p-mastigophores B1 (Tab. 2, Fig. 11).
The most part of the column, apart from its distal
part, contains only onetype of basitrichs (Fig. 11B).
Thedistal 1.5 cm of the column, thetentaclesand the
oral disc contain spirocysts and basitrichs (Fig. 11C,
D). Columnar spirocysts are abundant at most distal
part of the column near the bases of the tentacles but
gradually become sparse proximally. Basitrichs in
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distal part of the column and in the ora disc are
smaller (22-37 x 2-3.5 um), than in the tentacles.
Tentacular basitrichs (Fig. 11D) become longer to-
ward thetips of thetentacles, they are 3647 x 3-3.5
pm in the bases of the tentacles and 40-51 x 3-3.5
pm in their tips. Squash samples from the tentacle
tips contain also very rare small basitrichs from the
endoderm, which apparently aregettingtherethrough
the pore at tentacle tip. The endoderm of all parts of
the body contains very rare small basitrichs (Fig. 11
). Ectoderm of the most upper part of the acti-
nopharynx (1-2 mm from the oral disc) contains
occasional sparse spirocysts which not present in
other parts of the actinopharynx (confirmed on sec-
tions). The cnidoglandular tracts of unilobate fila-
ments contain p-mastigophores A and B1 (Fig. 11G,
H). Small basitrichs commonly found on the macer-
ated samples of filaments of the same type asin the
endoderm (Fig. 11 I, morethan 80 cnidae measured),
actually not present in the cnidoglandular tracts of
unilobate filament, but come from the endoderm of
the mesenteries where they are more numerous near
the cnidoglandular tracts. The same set of the nem-
atocystsis present in the cnidoglandular tracts of the
trilobate filaments (p-mastigophores A and B1 and
basitrichs), but the basitrichs here are present also in
the cnidoglandular and reticular tracts. P-mastigo-
phores A in the actinopharynx and filaments (Fig.
11F, G) have thin-walled capsule without apical
flap, the undischarged shaft is 12—18 pm in length
and has 13-16 turns of spines; discharged shaft is
1.5-2 times longer, up to 2 um thick, the spines are
about 2.5 um, the terminal tubule short (measured
length about 15 pm, two times shorter than the
capsule). P-mastigophoresB1 (Fig. 11H) are present
only in the filaments (17 cnidae measured). They
have thick-walled capsule, three-lobed apical flap,
the length of the shaft in the capsule is 9-11 pum
(about one third of the capsule length), V-shaped
end of the shaft rarely visible, often the shaft is
straight as the stick in the basitrichs. Discharged
shaft is 9-13 um in length and about 1 um thick,
becomes thinner in the end, has 7-9 turns of rows of
spines which are 1.5-2 um long; terminal tubule
thin. All basitrichs and p-mastigophores B1 (Fig.
11H) are stained by basic stains in contrast with p-
mastigophores A and spirocysts. Endoderm of the
unilobate filaments near the cnidoglandular tracts
contains numerous hydrozoan nematocysts, appar-
ently obtained from the prey.

HABITAT. The specimen was attached to a
stoneat lower bathyal depths. On the same stone near
the anemone were found sponges, another anemone
(possibly Hormathiidae), a specimen of ascleractin-
iancoral (possibly Caryophyllidag), hydrocoral (Sty-
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|asteridae) andinthevicinity of thesamestoneonthe
muddy bottom were recorded acorn worms (En-
teropneusta, fam. Torquaratoridae) and red bentho-
pelagic hydrozoan medusa (Trachymedusae, fam.
Rhopal onematidae).

ETYMOLOGY . The speciesis named after An-
drey Kuznetsov who worked with ROV Comanche
18 NSCMB FEB RAS in both 75 and 82 cruises of
RV Akademik M.A. Lavrentyev.

REMARKS. Scyonis kuznetsovi sp.n. resem-
bles Scyonis denisovi sp.n. in the following fea-
tures: 1) the tentacles are arranged in more than two
cycles; 2) the tentacles are relatively thin-walled
without any kind of mesogloeal thickenings; 3) the
species lives attached to stones (compare with S
ingolfi and S titanic sp.n. described below). Mor-
phologically Sicyonis kuznetsovi sp.n. differs from
Scyonis denisovi sp.n. in: 1) significantly fewer
mesenteries and tentacles (80 tentacles in Scyonis
kuznetsovi sp.n., 158-213in S cyonisdenisovi sp.n.);
2) different and much stronger sphincter (compare
Figs 2B and. 8B); 3) details of cnidom: Scyonis
kuznetsovi sp.n. has peculiar p-mastigophores B1 in
the filaments which differs from p-mastigophores
B1in other species. On the underwater photographs
these two species may be distinguished by the shape
of the tentacles (tips are sharp in Sicyonis denisovi
sp.n. and blunt in Scyonis kuznetsovi sp.n.), their
number and colour of the specimens. Very wide
sphincter distinguishesthis speciesfrom all Scyonis
species known from North Atlantic except S.
haemisphaerica, but the latter species has strong
thickening of the mesogloea on aboral sides of the
tentacles and in any case the conspecificity of the
Pacific and Atlantic species is almost excluded.

The nematocysts termed here p-mastigophores
B1, resemble basitrichs with short stick 9-11 pm in
length, that is about one third of the length of the
capsule. However, in some of these capsules the
stick has funnel-shaped formation at itsend asin p-
mastigophores. It is known that among p-mastigo-
phores B1 the capsules with pointed (rather than
funnel-shaped) end of the shaft often occur (see
Sanamyan, Sanamyan, 2019; Sanamyanetal., 2013).
P-mastigophores B1, recorded in filaments of many
actiniids (see den Hartog, 1987; Sanamyan et al.,
2013), aso strongly resemble basitrichs and their
shaft not always clearly differentiated from the ter-
minal tubule. For example, in Urticina grebelnyi
Sanamyan et Sanamyan, 2006 the shaft is several
times thicker than the tubule, while in Aulactinia
stella (Verrill, 1864) the shaft is of about the same
diameter asthe tubule (our data). Dunn et al. (1980)
reported the same facts for A. incubans Dunn et al.,
1980, these authors identified these capsules as
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Table 3. Size ranges (length x width, in microns) and distribution of cnidae of Scyonis ingolfi (based on
two specimens). Letters in brackets correspond to lettersin Fig. 15.

Tabmuna 3. Pasmeps! (JuinHa X MIHpHHA, B MUKPOHAX) U PACIpEIeIeHHe CTPEKATEIbHBIX KaICyl
Scyonisingolfi (o nBym sx3emrutsipam). BykBbl B CKOOKax COOTBETCTBYIOT OykBam Ha puc. 15.

Body region Cnidae Size ranges (um)
Pedal disc (A) basitrichs (common) 1824 % 2.3-3
Column (B) basitrichs (common) 23-37 x 2.5-3.3
(C) spirocysts (numerous) 26-75% 2.5-6
Tentacles (D) basitrichs (common) 27-51 x 2545
Actinopharvix (E) basitrichs (common) 25-37x 254
pnary (F) p-mastigophores A (very rare) 33x45
Filaments (G) p-mastigophores A (common) 25-34 x 3.5-7
(H) p-mastigophores B1 (common) 22-30 x 3.5-5
Endoderm (1) basitrichs (see text) 13-22 x 1.6-2.6

basitrichs. However, in Urticina, Cribrinopsis Car-
Igren, 1921, Aulactinia Agassizin Verrill, 1864 and
some other actiniids these capsules, located only in
the cnidoglandular tracts of the filaments, belong to
the same type. Most probably this is a transitional
form between basitrichs and other p-mastigophores
B (with three-lobed apical flap). P-mastigophores
B1lin Scyoniskuznetsovi sp.n.looksasatransitional
form between the basitrichs and p-mastigophores
B1. A very similar nematocyst is reported by Rie-
mann-Zurneck (1991, Fig.1(8)) inthefilamentsof S.
biotrans as basitrichs with short stick reaching the
middle of the capsule which looks slightly thicker
than the stick of other basitrichs and similar in its
thicknessto the shaft of p-mastigophoresinthe same
work (compare figures 1(7) and 1(8) in Riemann-
Zurneck, 1991). P-mastigophores B1 in Sicyonis
kuznetsovi sp.n. are very rare; we were able to find
only four exploded capsules. They have distaly
narrowing shaft 9-13 pum in length, i.e. exploded
shaft is no more than 2-3 um longer than unexplod-
ed. Also, the presence of these capsules in cni-
doglandular tractsof filamentsand agenera similar-
ity of the cnidom of different species of Scyonis
suggest that they should be identified as p-mastigo-
phores B1. The presence of the same set of nemato-
cysts in the cnidoglandular tracts of trilobate fila-
ments and in unilobate filaments may be considered
as archaic feature.

Scyonis ingolfi Carlgren, 1921
Table 3; Figs 12-15, 19B-C.

Scyonis ingolfi Carlgren, 1921: 217. Molodtsova et
al., 2008: 113.

MATERIAL EXAMINED.RV G.O. Sars, MAR-
ECO cruise, St. 50/373, 12 July 2004, North Atlan-
tic, Mid-Atlantic Ridge, north of the Azores,
43.0345°-43.01463°N, 28.55183°-28.56664°W,
2593-2607 m, trawl, one specimen; St. 73/386, 27
July 2004, North Atlantic, Mid-Atlantic Ridge, north-
west of Charlie-Gibbs Fracture Zone, 53.28°—
53.25817°N, 35.53417°-35.52983°W, 2522-2567
m, trawl, one specimen.

DESCRIPTION. The specimen from St. 50/373
is7.5 cmin diameter and height, male; the specimen
from St. 73/386 is 8.6 cm in diameter and 6.3 cm
height, female. The pedal disc is circular, concave,
undamaged (Fig. 12D). Cylindrical columnhastrans-
verse circumferential furrow in its proximal half
(Fig. 12A). The mesogloea of the column is very
thick, up to 6 mm in its middle part (Fig. 12C). The
margin and the limbus have longitudinal furrows
along the insertions of the mesenteries, they are two
times more numerous on the limbus than on the
margin (Fig. 12B, D). The remaining surface of the
column is amost smooth, with small wrinkles. The
number of the marginal mesogloeal swellings be-
tween the furrows corresponds to the number of the
tentacles, these swellings are probably caused by
contraction and form a distinct marginal ridge (Figs
12B, 13B).

Thetentaclesare not covered by distal part of the
column (Fig. 12B), arranged in two cycles on the
margin of the oral disc, inner and outer of the same
size (about 1.5 cm), 58 tentacles in specimens from
St. 50/373 and about 68 in specimen from St. 73/386.
The tentacles are thick at bases (up to 0.8 cm in
diameter), taper to pointed tips, with large terminal
apertures.
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Fig. 12. Scyonis ingolfi. A — side view; B — top view; C — longitudinal section (arrow points to oral
stoma); D — pedal disc.
Puc. 12. Scyonisingolfi. A — Buy c6oky; B — Buz cBepxy; C — BepTHKaIbHBIN cpe3 (CTpenKoi yka3aHa
opanbHas ctoma); D — nenanbHbIH HCK.

Theoral discdeeply invaginated (almost reached
the middle of the column, Fig. 12C) with radial
ridges along each exo- and endocoels and furrows
aong the lines of insertion of the mesenteries (Fig.
14C). Theactinopharynx hastwo deep siphonoglyphs
and about 16 longitudina ridges on each side be-
tween the siphonoglyphs.

Thepreserved specimensaretan. Reddish-brown
ectoderm is retained on the pedal disc and in wrin-
klesof the body, abraded on most parts of the column
and tentacles. The ectoderm of the oral disc pale-
beige, ectoderm of the actinopharynx dark-brown;
the filaments are dark-coloured; gonads yellowish.
Coelenteron contains mud.

The marginal sphincter muscle is weak, very
long (morethan 3 cm) and thin, occupiesonly asmall

part of the breadth of the mesogloea (about 1/10),
wider initsdistal end (up to 0.65 mm) and gradually
tapersproximally (Fig. 13B). Itischiefly mesogloeal
and confined to the endodermal side of column, not
separated from the circular endodermal muscles and
forms with them endo-mesogloeal complex. The
distal part of the sphincter is mostly reticular (Fig.
13C). In the proximal direction the reticular struc-
tureisretained on theendodermal side of the sphinc-
ter while the ectodermal side gradually becomes
alveolar (Fig. 13D) and thewholelong proximal part
of the sphincter is alveolar (Fig. 13E). Circular
endodermal musculature below the sphincter isvery
weak.

The mesogloea of the bases of the tentacles is
thick, slightly thicker on the aboral side. Longitudi-
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Fig. 13. Scyonisingolfi. A — transverse section of the tentacle; B — longitudinal section through the distal
part of column; C — distal part of the sphincter; D — middle part of the sphincter; E — proximal part of
the sphincter.

Abbreviations: en — endoderm; Im — longitudinal mesogloeal muscles of the tentacles; mes — mesentery; mr —
marginal ridge; or — oral side of the tentacle; t — tentacle.

Puc. 13. Scyonisingolfi. A — monepeunslii cpe3 yepes lrynanbiie; B — npogonbHblii cpes yepe3 BepXHIOH0
yacTh KomomHa, C — nucTanbHblil ydacTok cuukTepa, D — cpenumii yyactox chuukrepa; E —
HpOKCPIMaJILHLIﬁ y4acToK C(l)I/IHKTepa.

CoxpameHI/m: en— 3HTOZ[epMa; Im— TIpoaoJIbHasA ME30ryIcajibHasd MyCKyJiaTypa Iuynameu; mes— Me3eHTepr/'I; mr—
MapruHajbHbIA BBICTYII; OF — OpallbHas CTOPOHA LIyMaibla; t — miymnanbue.
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Fig. 14. Sicyonisingolfi. A — transverse section of the column; B — retractor of the mesentery of the second
cycle; C— transverse section of the oral disc; D — parieto-basilar part of the mesentery of the second cycle;
E — parietal part of the directive; F — fertile mesentery of the fourth cycle; G — spermatozoon.
Abbreviations: f — filament; fl — parieto-basilar flap; mt — meshes of transverse musclesin the middle of the mesogloea
of the mesentery; ov — ova; r — retractor; sp — siphonoglyph. Numbers indicate cycle number of mesenterial pairs.
Puc. 14. Scyonis ingolfi. A — monepeuHblii cpe3 depe3 KOIMOMH; B — perpakTop Me3eHTepHsi BTOPOro
mukiia; C — momnepevHslii cpe3 yepes opaibHbli JUcK; D — mapuero-0a3wsipHbIi y4acTOK Me3eHTepus
BTOpPOTI'O [HUKIJIa, E— napuerajabHasd 4aCTb ME3CHTCPUS TIECPBOIO 1IMKJIa, F— (I)epTI/IJ'ILHHﬁ Me3eHTepI/II71
4EeTBEPTOrO IMKIIA, G— CIIEPMATO30HMI.

Coxkpautenust: f — punamentsr; fl — napuero-6a3uispHbiil BEICTYIT; Mt — abBEOJIBI € MIONEPEYHON MYCKYJIATypOil B
TOJIIIE ME30TJIeH ME3eHTEepHUEB; OV — siifiia; I — perpakrop; SPp — cudonornud. LHuppamu 0603Ha4eHBI HOMEPA [IUKIOB
ME3€HTEpHaIbHBIX I1ap.

nal muscles of the tentacles are mesogloeal, much  are represented by a chain of sparse meshes lying
stronger on the oral side of the tentacles wherethey  closer to the ectodermal side of the mesogloea (Fig.
arelocated in the middle of the mesogloea, and very ~ 13A). Theradial muscles of the oral disc are mesog-
weak on the aboral side of the tentacles, wherethey  loeal, mostly reticular and strong, arranged into
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Sicyonis ingolfi
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Fig. 15. Scyonis ingolfi, distribution of cnidae (see Table 3 for size ranges).
Puc. 15. Scyonis ingolfi, pacripenenenne kuuy (pasmeps! ykasausl B a0, 3).

thick bundles running over each exo- and endocoel
and separated by mesogloeal |laminae along thelines
of insertions of the mesenteries (Fig. 14C). They are
not separated from longitudinal muscles of the oral
sides of the tentacles.

The mesenteries are arranged into four cycles.
The mesenteries of the first three cycles are sterile,
have filaments and present along the whol e length of
the column. Themesenteriesof last (thefourth) cycle
are weak, fertile, lack filaments, present only in the
proximal part of column. Actinostola-rule not dis-
cernible in the arrangement of the mesenteries. The
first and the second cycles are composed of perfect
mesenterial pairs. The third cycle is composed of
imperfect pairs but aso has unequal pairsin which
one mesentery reaches the actinopharynx while the
other not. In ahalf of the specimen from St. 50/373
the stronger (sterile) mesenteries are represented by
three pairs of the first cycle (including a pair of
directives), five pairs of the second cycle (with
duplications in lateral and “ventral” primary exo-
coels) and alternating with them pairs of the third
cycle, two of which are represented by unequal pairs

(in lateral and “ventral” primary exocoels). The
specimen from St. 73/386 has unequal number of
mesenterial pairs on the sides of the directive plane:
20 pairs of sterile and 15 pairs of fertile mesenteries
on the one side and 17 pairs of sterile and the same
number of fertile mesenteries on another side (one of

which had small trilobate filament), with duplica-
tions in the second and the third cycles.
All sterile mesenteries (three older cycles) have
a very thick mesogloea in the distal part of the
column. In the proximal part of the column all
mesenteries are thin (Fig. 14A). Mesenterial muscu-
latureisvery weak, developed in the same degree as
the circular columnar muscles. Retractors are dis-
cernible only near the actinopharynx or filamentsin
sterile mesenteries (Fig. 14B) or near the gonads on
fertile mesenteries (Fig. 14F). The parietobasilar
musclesare also very weak but sometimes may form
short flaps on the mesenteries of the first and the
second cycles, from which achain of muscle meshes
(transverse mesenterial muscles) continues in the
parietal direction to adistance of about 1 mm inthe
mesogloea (Fig. 14D). The parietal part of the
musculature is better developed on the retractor
muscle side of the mesenteries. It is composed here
by short branched muscle processes up to 50 um
long on the fertile and up to 70-80 um on sterile
mesenteries. They extend on about 1 mm along the
sterile mesenteries (Fig. 14E) and up to 700 um on
fertile mesenteries (that is about a half of their
length) (Fig. 14F). On the opposite (parieto-basi-
lar) side parietal part of the musculature is much
weaker, muscle processes are up to 20-30 um and
extend along the mesentery on a distance of 200—
300 pm (Fig. 14E).
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Large oral stomataon perfect mesenteriesare up
to 3 x 1 mm (Fig. 12C), the marginal or central
stomatawerenot detected. Ovaand malefolliclesare
up to 600 um in diameter. Spermatozoa with pointed
tips, radially symmetric, 2-2.5 x 1.5-2 um(Fig. 14G).

Cnidom includes spirocysts, basitrichs, p-masti-
gophores A, p-mastigophores B1 (Tab. 3, Fig. 15).
Columnar basitrichs (Fig. 15B) are smaller in the
middle part of the column (23-25 pm), than in its
distal part (27-34 um) and on margin (27-37 pm).
The tentacles, the oral disc and the margin have the
same set of cnidae — spirocysts and basitrichs, but
spirocysts are significantly sparser in the ectoderm
of the margin and the bases of the tentacles than in
the tips of the tentacles and the oral disc. Spirocysts
with unevenly coiled tubule sometimes occur on the
margin and the oral disc, while in the tips of the
tentacles all spirocysts have regularly coiled tubule.
The cnidoglandular tracts of unilobate filaments
contain p-mastigophores A and B1 (Fig. 15G, H)
while the small basitrichs, similar to those from the
endoderm (Fig. 15 I; 69 cnidae measured), which
occur in the macerated samples of filaments, are
present actually in the endoderm of the mesenteries
near the cnidoglandular tracts, where they are more
common than in the remaining endoderm. P-masti-
gophores A in the actinopharynx (10 cnidae mea-
sured) and filaments (Fig. 15F, G) haveathin-walled
capsule of similar size without apical flap; undis-
charged shaft is 17-27 pum and has 22-28 turns of
rows of spines. P-mastigophores B1 (Fig. 15H) are
present only inthefilaments. They havethick-walled
capsule with three-lobed apical flap; undischarged
shaft is 12-16 pum and has 10-14 turns of rows of
spines. Discharged shaft in the p-mastigophores A
almost two times thicker (2.5 pm) than in the p-
mastigophores B1 (1.2-1.5 pm). All basitrichs and
p-mastigophores B1 (Fig. 15H) are stained by basic
stainsin contrast with p-mastigophores A and spiro-
cysts.

HABITAT. The species lives on the soft bottom
as it is evident from undamaged basal discs of
collected specimens and the presence of mud in the
gastral cavity.

REMARKS. Original description of Scyonis
ingolfi is based on one specimen collected south of
Greenland (58°20'N, 48°25'W), reported depth is
1685 fathoms (=3067 m, but reported as 3192 m by
Carlgren, 1928b for the same specimen). Two spec-
imens described in the present work, both from
northern part of Mid-Atlantic Ridge and from simi-
lar depths, were briefly mentioned (but not de-
scribed) by Molodtsovaet al. (2008) and arethe only
other known specimens of this species.

N.P. Sanamyan et al.

Simultaneously with S. ingolfi, Carlgren (1921)
described two other species, S tuberculata Car-
Igren, 1921 and S variabilisCarlgren, 1921. Inthese
species, in contrast with S. ingolfi, the tentacles
occupy large part of the oral disc. Carlgren (1921:
217) especially stated that in S. ingolfi “thetentacles
are closer than in S. tuberculata, therefore the tenta-
cle-lacking part of the ora disc is large”. Subse-
quently, many specimensidentified as S. tubercula-
tawererecorded in NW Atlantic in the abyssal plain
(36804094 m) by Doumenc (1975) who considered
S. tuberculata and S. ingolfi as probable synonyms
but treated S. variabilis as a distinct species. Rie-
mann-Zurneck (1991) stated that the specimens in-
habiting abyssal plain and identified by Doumenc
(1975) as S. tuber culata belong to a new species she
described as S hiotrans (her description is based,
however, on the specimens from NE Atlantic). She
provided no detailed comparison with other nominal
Scyonis species, but, as is seems from her text,
distinguished S. biotrans basing on the fact that it
inhabits abyssal plain (rather than sloperegions) and
that “cnidae in the tentacle ectoderm at least 10 um
larger than in any other related species’ (spirocysts
up to 81 um and large basitrichs 42—60 pum). How-
ever, the specimens reported by Doumenc (1975)
have much smaller cnidaein thetentacles (spirocysts
20-60 pm and larger basitrichs 34—38 pm) and the
tentacles occupy most part of the oral disc, whilein
S biotrans they are arranged in two cycles on the
margin of the very wide oral disc. The specimens
reported by Doumenc (1975) (at least those of them
on which he based his description) cannot be con-
specific with S. biotrans and appear to be correctly
identified as S. tuberculata. Thus, S. biotransis not
theonly speciesof Sicyonisinhabiting abyssal plains
and this feature alone (a habitat) cannot be used to
distinguish it. In the arrangement of the tentacles on
the periphery of the large oral disc S biotrans
resembles S ingolfi. However, the type specimen of
S. ingolfi (see Carlgren, 1921) and the specimens of
thisspeciesreported in the present work indeed have
somewhat smaller tentacular basitrichs and spiro-
cyststhanthosereported for S. biotransby Riemann-
Zirneck (1991) and in the present paper we treat
them as distinct species.

Scyonis titanic sp.n.
Table 4; Figs 16-19A, 20.

MATERIAL EXAMINED. Holotype ZMMU
Ec-120. RV Akademik Mstislav Keldysh, 49 cruise,
St. 4569, 6-7 July 2003, North Atlantic, polygon
Titanic, 41°38.304’'N, 49°37.26'W, 3182-3153 m,
Sigsbee trawl, one specimen.
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Table 4. Size ranges (length x width, in microns) and distribution of cnidae of Scyonis titanic sp.n.

Letters in brackets correspond to lettersin Fig. 20.

Tabmuma 4. Pa3meps! (1inHa X MHMPHHA, B MUKPOHAX) M PACIPEIeICHAe CTPEKATeIbHBIX KarcyJT
Scyonistitanic sp.n. Bykssl B ckoOKkax cOOTBETCTBYIOT OykBam Ha puc. 20.

Body region Cnidae Size ranges (um)
Pedal disc (A) basitrichs (common) 1929 x 2.5-3.5
Column (B) basitrichs (common) 24-36 x 2.54
(C) spirocysts (numerous) 28-87 x 3-6.5
Tentacles (D) basitrichs (common) 26-54 x 2,54
Actinopharynx (E) basitrichs (common) 32-50x 254
(F) p-mastigophores A (few) 23-37 x 3.56
(G) basitrichs (common) 32-54x254
Filaments (H) p-mastigophores A (common) 1846 x 3.5-9
(I p-mastigophores B1 (common) 26-39 x 47
(J) p-mastigophores B1 (very rare) 44-50 x 3-3.8
Endoderm (K) basitrichs (few) 1523 % 2-3

DESCRIPTION. Preserved specimenislarge, 9
cm in diameter and height (Fig. 16A). Freshly col-
lected specimen was rose colored. The pedal discis
circular, deeply concave, forms a cavity with an
opening about 4 cm in diameter. The cavity contains
sheets of cuticle-like material and sand. The pedal
disc is not damaged (Fig. 16B, C). The column is
cylindrical, smooth, with very shallow circumferen-
tial narrowing in the middle (Fig. 16B). The distal
part of the column, with the tentacles, is turned
inward. It has longitudinal ridges continuing to the
bases of the tentacles, they are probably artefacts of
contraction. The column islight-beige; its ectoderm
is amost totally abraded. The mesogloea is very
thick, upto 1 cminthedistal part of the column and
about 4 mm in its middle part but becomes thinner
near the limbus and thin in the pedal disc.

About 100 tentacles are arranged in two cycles
on the margin of the oral disc. They are triangular,
with aboral thickening at the base. The oral disc has
zones with large tentacles (to 2 cmin length and 1.5
in width at the bases) and with very small, even
rudimentary, tentacles. This may be aresult of trau-
ma and regeneration because three sections of small
tentacles alternate with three sections of large tenta-
cles unevenly.

The oral disc deeply invaginated (almost to a
middle of the column height). It has radial ridges
along each exo- and endocoel swith darker ectoderm
and lighter radial furrows along the mesenterial
insertions (Fig. 16B). The actinopharynx has two
deep siphonoglyphs and about 20 longitudinal ridg-
es between them on each side corresponding to the

insertions of the mesenteries (Fig. 16D). The ecto-
derm of the distal (upper) part of the actinopharynx
is yellowish-beige, but brown in its proximal part.

The marginal sphincter muscle is mesogloeal,
located along the endodermal side and not separated
fromthecircular columnar muscles. The sphincter is
weak and thin in comparison with the body size and
occupies only a small part of the breadth of the
mesogloea (about 1/10), wider initsdistal end (up to
1 mm) and gradually tapersproximally, about 4.5 cm
in length (Fig. 17B). In the distal part the sphincter
is mostly reticular (Fig. 17E), gradually becomes
alveolar in the proximal direction, especialy on its
endodermal side (Fig. 17C, D). The sphincter is
alveolar in its proxima part (Fig. 17A). Circular
endodermal muscles below the sphincter are very
weak, with short, not branched processes up to 30
pminlength. Similar endodermal musclesareonthe
oral disc.

Longitudinal muscles of the tentacles mesoglo-
eal, better developed on the oral side where mesog-
loea is thinner, and very weak on the abora side
where the mesogloea is thick, situated close to the
ectoderm (Fig. 17F). The radial muscles of the oral
disc are mesogloeal, running over each exo- and
endocoel in the middle of the mesogloea (Fig. 18B).

The mesenteries are arranged into five cycles:
6+6+13+28+53=106 pairs. The mesenteries of the
firstfour cyclesaresterile, havefilamentsand present
along thewholelength of the column. The mesenter-
ies of the last (the fifth) cycle are weak, fertile, lack
filaments (except one mesentery with small trilobate
filament only, Fig. 19A), present only in the proxi-
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Fig. 16. Scyonis titanic sp.n. A — side view; B — longitudinal section; C — pedal disc; D — transverse

section of the half of column.

Puc. 16. Scyonis titanic sp.n. A — Bux c6oky; B — Beprukanbusiii cpe3; C — mnemanbHblil auck; D —

HOHSpC‘IHLIfI Cpe3 4epe3 MOJOBHUHY KOJIIOMHA.

mal part of the column. Actinostola-rule not discern-
ible in the arrangement of the mesenteries (Fig.
18A). The first, second and third cycles are repre-
sented by perfect pairs with the exception of one
additional unequal pair, probably belonging to a
third cycle, thus there are 24 perfect pairs + one
perfect mesentery of unequal pair. All mesenteriesof
the fourth cycle are imperfect. The fourth cycle has
three duplicated pairs (Fig. 19A).

All sterile mesenteries (four cycles) have thick-
ened mesogloea in the distal part of column (Fig.
17B). Retractor musclesof all mesenteriesarediffuse
(Fig. 18A). The parietobasilar muscles are weak, may
form short flaps (up to 180 um) on perfect mesenter-

ies. A chain of muscle meshes continuesinthe mesog-
loea of the mesentery from the flap to the body wall.
Thesemeshesarelocated closer totheretractor side of
themesentery (Fig. 18D). Onimperfect sterilemesen-
teries (penultimate cycle) the parieto-basilar flap usu-
ally not formed, but achain of themeshesof transverse
muscles in the mesogloea in the parieto-basilar sec-
tion of themesentery isalwaysdevel oped and situated
closer totheretractor side of themesentery (Fig. 18E).
Theparietd part of themusculaturewell developed on
the retractor-side of the mesentery, whereit is repre-
sented by branched muscle processesup to 275 umin
length. On the opposite (parieto-basilar) side of the
mesentery the parietal part of the musculature is
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Fig. 17. Scyonistitanic sp.n. A — proximal part of the sphincter; B— longitudinal section through thedistal
part of column; C, D — middle part of the sphincter; E— distal part of the sphincter; F— transverse section

of the tentacles.

Abbreviations: en — endoderm; mes — mesentery; od — oral disc; or — oral side of the tentacle; t — tentacle.
Puc. 17. Scyonis titanic sp.n. A — npokcuMalibHbINH ydacTok chunkTepa; B — mpomosibHblil cpes uepes
BEpXHIOIO YacTh KomomHa; C, D — cpennmii yuactok cuukrepa; E — mucranbHblil y9acTOK COUHKTEPA;

F — monepeunslii cpe3 yepes 1ynanbla.

CoxpallleHus: N — dHToJepMa; MeS — Me3eHTepuii; 0d — OpasbHBIi HCK; OF — OpallbHasi CTOPOHA Iilymaibla; t —

LIynaablie.

poorly devel oped, muscle processeshereareup to 60
pum (Fig. 18F). Fertile mesenteries are short, their
muscular part is about 500 um in length, muscle
processes on their retractor-side (up to 185 um) and
on parieto-basilar side (up to 55 pm) are similar to
those of the parietal part of the musculature of other
mesenteries (Fig. 18G).

Mesenterial stomataare very small inrelation to
the size of the body: oral stomata are up to 1 mm,
central stomata 0.5 mm, the latter are in the middle
of the height of column. Fertile mesenteries (the last
cycle) havewell-developed malefolliclesup to 350—
500 pum in diameter. Spermatozoa have pointed tips,
radially symmetric, 34 x 1.5-2 um (Fig. 18C).

Cnidom includes spirocysts, basitrichs, p-masti-
gophores A and p-mastigophores B1 of two different
types(Tab. 4, Fig. 20). The ectoderm of thetentacles

and the oral disc contain spirocystsand basitrichs, in
the oral disc the basitrichs are slightly smaller (19—
46 x 2.5-4 um) and some spirocysts resembl e robust
type: the spirocysts with unevenly coiled tubule are
slightly wider (43-65 x 4.7—6.5 um), than the spiro-
cystswith evenly coiled tubule (3370 x 3-5.5 um).
Also, somespirocystsareintermediatebetweenthese
two types (38-54 x 4.2-5.4 um). In the tentacles
almost all spirocysts are of gracile type. The cni-
doglandular tracts of unilobate filaments contain
large basitrichs (Fig. 20G), p-mastigophores A (Fig.
20H) and two types of p-mastigophores B1 (both
thick-walled and with three-lobed apical flap). One
type of p-mastigophores B1 (Fig. 20 1) has wider
capsule, thin and usually slightly curved shaft with
indistinct V in the end; undischarged shaft is less
than a half of the length of the capsule (10-20 pm)
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Fig. 18. Scyonistitanic sp.n. A — transverse section of the column; B — transverse section of the oral disc;
C — spermatozoon; D — parieto-basilar part of the mesentery of the second cycle; E— parieto-basilar part
of the mesentery of the fourth cycle; F — parietal part of the sterile mesentery of the second cycle; G — a
part of the mesentery of the second cycle with parieto-basilar muscles.

Abbreviations: ec — ectoderm; f — filament; fl — parieto-basilar flap; mf — malefollicles; mt — meshes of transverse
muscles in the middle of the mesogloea of the mesentery; r — retractor; sp — siphonoglyph. Numbers indicate cycle
number of mesenterial pairs.

Puc. 18. Scyonis titanic sp.n. A — nonepeyHslii cpe3 depe3 KOMOMH; B — momnepeuHslii cpe3 depes
opasbHblii quck; C— criepmaroson; D — maprero-0asuisipHblil y4acTOK ME3eHTepHs BTOPOro 1ukia; E—
HapHeTO-6a3PIJ'IHpHI;Iﬁ Y4acCTOK ME3CHTEPUS YCTBEPTOI'O LUKIJIa, F— napuerajbHad 4aCcTb CTEPUJILBHOT'O
ME3CHTepHs BTOPOTO IHKIa; G — ydacToK maprueTo0a3mIIpHBIX MYCKYJIOB ME3EHTEpHUsI BTOPOTO IIUKJIIA.
Coxkpautenust: € — skrojaepma; f — ¢punamentsr; fl — napuero-6asunsipubiii Beictyn; mf — cemenHuku; mt —
aJIbBEOJIBI C TOTIEPEYHOIT MyCKYJIaTy PO B TOJIIIE ME30TIIEN ME3EHTEPHEB; I — peTpakTop; SPp— cudonormud. LHndpamu
0003Ha4YeHBbI HOMEPA LUKJIOB ME3EHTEPHAIBHBIX T1ap.
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and discharged shaft is shorter than acapsule (19-29
x 1-1.7 um); the shaft has 15-21 spiral turnsof rows
of spines; the capsule not stained by basic dyes.
Another type of p-mastigophores B1 (Fig. 20J) is
very rare (only four capsuleswerefound) has narrow
long capsule and is stained by basic stains. Small
basitrichs, of the sametype asin the endoderm (Fig.
20K; 37 cnidae measured), which occur on the
macerated samples of filaments, are present actually
in the endoderm of the mesenteries near the cni-
doglandular tracts. Thin-walled p-mastigophores A
of the actinopharynx and filaments have no apical
flaps and not stained by basic dyes. In the filaments
their sizeranges are wider (Fig. 20H) and they show
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Fig. 19. Arrangement of the mesenteries. A —
Scyonistitanic sp.n.; B, C— Scyonisingolfi: B —
specimen St. 73/386, female; C — specimen St. 50/
373, mae.

Numbers indicate cycle number of sterile mesenterial
pairs. Gonads are marked by small black circleson theend
of the mesenteries of the last cycle. Arrow indicate a
mesentery of thelast fertilecyclebearing trilobatefilament.
Abbreviations: dd — “dorsal” directives, vd — “ventral”
directives. Numbers indicate cycle number of mesenterial
pairs.

Puc. 19. Opranuzauus Mme3eHTeprueB. A — Scyonis
titanic sp.n.; B, C — Scyonisingolfi: B — sk3em-
nsip St. 73/386, camka; C — sk3emmsip St. 50/373,
camell.

IMucdpamu 0003HAUEHEI HOMEPA IUKJIOB CTEPUIIBHBIX Me-
3eHTEepHaIbHBIX Map. ['0Ha /bl 0003HAYEHBI YEPHBIMU KPY-
JKOYKaMH Ha KOHHOAX ME3CHTEPHUEB IIOCIEAHErO IHUKIIA.
Crpenkoil yka3aH ME3eHTepHil MOC/IeTHero, (pepTHIbHO-
ro, QUKJIA ¢ TPHI0OaTHEIM (punamenToM. CoKpameHus:
dd — “ nopcaibHbIe” HaNPaBISIOLINE IApbl ME3CHTEPUEB;
vd — “BeHTpabHbIe” HAMPABIISIONINE TAPHI ME3CHTEPHUEB.

greater variability in the ratio of the length and the
width of the capsule, in the size of the shaft (undis-
charged 11-27 pm, discharged 22—32 x 1.7-2.2 um)
and number of spiral turns of rows of spines (12-30)
while undischarged shaft of p-mastigophores A in
the actinopharynx (Fig. 20F) is 15-22 um and has
20-21 spira turns of rows of spines. All basitrichs
are stained by basic stains.

HABITAT. Most probably this species lives
unattached on the soft bottom — the pedal disc was
undamaged in collected specimen and basal cavity
contained mud and sand.

ETYMOLOGY . The speciesis named in memo-
ry of more than 1500 sailors and passengers who
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Sicyonis titanic sp.n.
Pedal disc| Column Tentacles Actinopharynx Filaments Endoderm
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Fig. 20. Scyonis titanic sp.n., distribution of cnidae (see Table 4 for size ranges).
Puc. 20. Scyonistitanic sp.n., pacnipeneneHue KHu (pa3Mepbl ykazaHsl B Ta01. 4).

died in the crash of HM S Titanic that sank on April
1912 in this area.

REMARKS. Scyonis titanic sp.n. belongs to a
group of several species which live unattached on
soft bottom (and hence very characteristic appear-
ance of the aboral side, see Fig. 16C and also
Riemann-Ziirneck, 1991, Pl. 1) and have the tenta-
cles arranged in two cycles on the margin of wide
ora disc. In North Atlantic this group certainly
includes S. biotrans, S. ingolfi, S. gossel and, possi-
bly, S obesa and S haemisphaerica. It may be
assumed that in live Sccyonistitanic sp.n. looks like
S biotrans as shown on the underwater photographs
published by Riemann-Zirneck (1991, Fl. 2). The
present species differs from S biotrans by more
numerous tentacles. Riemann-Zirneck, 1991: 9 re-
ported “60 to about 80" tentaclesin S. biotrans and
especially noted that “even in the largest animalsthe
number of tentacles does not attain the full (hexam-
erous) set of 96 tentacles’.

Cnidom of S titanic sp.n. and S. biotrans also
differssignificantly. Tentacular basitrichsand spiro-
cystsin S titanic sp.n. aresmaller thanin S biotrans.
Riemann-Ziirneck (1991) treated large size of these
cnida as a character distinguishing her species from
all other North Atlantic species of Sicyonis. More-
over, Scyonis titanic sp.n., has two types of very
peculiar p-mastigophores B1 in the filaments (Fig.
201, J). They not present in North Atlantic species S.
biotrans and S. ingolfi, for which detailed cnidomis

reported. Details of the cnidom not known for S
gossel, S obesa and S. haemisphaerica.

Scyonis gossel is described from East Atlantic.
The single known specimen is 6.5 x 5.5 cm, about
two times smaller than the present species, but has
more numerous tentacles (151) and much stronger
sphincter. On published figure (Stephenson, 1918,
Pl. 14, Fig. 10) it occupies about one third of the
width of the mesogloea and, possibly, more closely
resembles the sphincter of S. kuznetsovi sp.n. (see
Fig. 8B) rather thanthat of S titanic sp.n. In S titanic
sp.n. the sphincter ismuch thinner (1/10 of thewidth
of the mesogloea). Riemann-Zirneck (1991) tried to
loan the type specimen of S gossei to study its
nematocysts but it has not been found.

Original description of Scyonis obesa, pub-
lished by Carlgren (1934), is based on one specimen
from Chesapeake Bay, 1239 fathoms (=2255 m),
labelled (but not published) by Verrill as Actinernus
obesus. This specimen has about the same sizeasthe
present species(11.5 x 10.5 cm) but hassignificantly
less numerous tentacles (67) and mesenteries (34
pairsdistally). No other specimensof thisspeciesare
known.

Scyonishaemisphaericaisknown fromthetype
specimen only collected in East Atlantic. According
to original description (Carlgren, 1934) it has about
70 tentacles and its sphincter occupies a half of the
width of the mesogloea and is much stronger than in
the present species (see Carlgren, 1934, Fig. 2).
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The remaining two North Atlantic species, S.
tuberculata and S variabilis have the tentacles ar-
ranged in more than two cycles and, in contrast with
the present species, occupy a significant part of the
oral disc.

Genus Ophiodiscus Hertwig, 1882

Type species: Ophiodiscus annulatus Hertwig,
1882, by subsequent designation (seeCarlgren, 1921:
186).

Ophiodiscus closely resembles Scyonis, in both
genera gonads are developed (usually profusely) on
the youngest cycle of the mesenteries which lack
filaments and present only in proximal part of the
body. In Ophiodiscus, in contrast with Scyonis, the
tentaclesarearrangedinasinglecircleonthemargin
and not differentiated histologically from the oral
disc and distal part of the column.

Carlgren (1921: 186) thought that Ophiodiscus
may be “identical with Sicyonis or at least nearly
aliedtoit” but preferredtotreatitasvalid. Inhiskey
to genera Carlgren (1949) placed Ophiodiscus and
Scyonisin two different sections: Ophiodiscus was
placed together with Actinostola, Paractinostola
Carlgren, 1928 and Somphia in the section entitled
“Mesenteries distinctly arranged according to Acti-
nostola-rule”’, whileScyonis, ParasicyonisCarlgren,
1921 and Synsicyonisarein the section“ Mesenteries
indistinctly arranged according to Actinostola-rule”.
This distinction is not reliable, in al species of
Scyonis and Ophiodiscus we were able to examine
the mesenteries are not arranged according to Acti-
nostola-rule (see comments under family Sicyon-
idae).

Another feature separating Ophiodiscus from
Scyonismentioned by Carlgren (1921, 1949) isthat
the tentacles of Ophiodiscus are arranged in asingle
circle and that they are very long. Actually, itis not
knownwhether thetentacl esintypespeciesof Ophio-
discus are very long (they are severely damaged in
type material), but in described here Ophiodiscus
bukini sp.n. they are of ordinary length, comparable
with the tentacles of many Scyonis species. Howev-
er, their arrangement in a single circle appear be a
significant feature separating Ophiodiscus from S-
cyonis. Further, in Ophiodiscus the tentacles are not
differentiated histologically fromthe columnand the
oral disc. Thisis clearly demonstrated in O. bukini
sp.n. (see Fig. 28B): the whole outer (aboral) side of
the tentacle, from its base to the tip, has the mesog-
loea of the same thickness as in distal part of the
columnand hasthe same nematocysts, and thewhole
oral side of the tentacle not distinguishabl e histolog-
ically from the ora disc neither by thickness of its
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layers, not by appearance of its musculature or by
composition of cnidae and their abundance.

In addition, it is worth to mention possible dif-
ferencesin themesenterial stomata. The mesenteries
in Scyonis species, in which thisfeatureis reported,
usually (although not always) have two stomata: the
oral andthecentral. (Thecentral stomaisactually the
margina stoma shifted toward the middle of the
mesentery, atendency characteristicfor Scyonisand
Exocoelactis). In Ophiodiscuswewere ableto detect
only the oral stomain O. bukini sp.n. while in O.
moskalevi stomata not present. The value of this
difference does not appear to be high, and there are
some exceptions (e.g. described above S. ingolfi also
has only oral stomata), but it will be worth to pay
attention on this feature in future.

The genus Ophiodiscus was erected by Hertwig
(1882) for two species collected by Challenger Ex-
pedition in SE Pacific (off Chile) in about the same
location: O. annulatus Hertwig (1882) (33°31'S,
74°43'W, four specimens, 2160 fathoms =3931 m)
and O. sulcatus Hertwig (1882) (33°42'S, 78°18'W,
one specimen, 1375 fathoms =2502 m). Ophiodiscus
annulatus is a type species of the genus by subse-
quent designation (Carlgren, 1921: 186), not by
monotypy as stated by Fautin (2016). No other
specimens assignabl e to Ophiodiscus were recorded
again till now, two new species of Ophiodiscus
described in the present work are the first specimens
of Ophiodiscus reported since Hertwig's (1882)
publication.

Ophiodiscus moskalevi sp.n.
Table 5; Figs 21-25A, 26.

MATERIAL EXAMINED. Holotype ZMMU
Ec-119. RV Akademik Mstislav Keldysh, 22 cruise,
St. 2323, 10 August 1990, NW Pecific, east off
Kamchatka, 53°05.4'N, 161°55.2'E — 53°07'N, 161°
56.12'E, 48904984 m, Sigsbee trawl, one speci-
men.
DESCRIPTION. The single available specimen
is about 4.5 cm in diameter and 2 cm high. The
column is in a form of short cylinder and has a
circumferential furrow inthemiddle (Fig. 22A). The
pedal disciscircular, slightly concave, with visible
mesenterial insertions, the ectoderm is retained on
some its parts, without the remnants of the cuticle.
Oral discisflat, onthe onesideisbent in such away
that the tentacles are above the mouth, another side
extended horizontally, a state which possibly re-
flectsits position on the substrate in live (Fig. 21A,
B). The diameter of the oral disc was probably
significantly larger in expanded live specimen. The
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Table 5. Size ranges (length x width, in microns) and distribution of cnidae of Ophiodiscus moskalevi
sp.n. Letters in brackets correspond to letters in Fig. 26.

Ta6muna 5. Pasmeps! (JuinHa X mIUpUHA, B MUKPOHAX) U PACTIPEAeIeHHe CTPEKATEIbHBIX KAICyl
Ophiodiscus moskalevi sp.n. BykBsr B ckoOKax COOTBETCTBYIOT OykBam Ha puc. 26.

Body region Cnidae Size ranges (Lm)
Pedal disc (A) basitrichs (numerous) 1824 x 2-2.5
Column (B) basitrichs (common) 19-27 x 2-2.5
(C) spirocysts (numerous) 27-60 x 2.5-5.5
Tentacles (D) basitrichs (common) 26-39 x 2-3
Actinopharyix (E) basitrichs (common) 18-30 x 2-2.5
phary (F) p-mastigophores A (common) 2540 x 3.5-6
Filaments (G) p-mastigophores A (common) 28-39 x 56
(H) p-mastigophores B1 (numerous) 29-39 x 3.5-5
Endoderm (1) basitrichs (see text) 16-23 x 2-3

actinopharynx hastwo very largethick-walled sipho-
noglyphs, supported by two pairs of directives and
ten ridges on each side between the siphonoglyphs
which correspond to theinsertions of perfect mesen-
teries (Fig. 23B).

The tentacles, 48 in number, are arranged in a
single circle on a margin where they stand side by
side. Distal parts of the tentacles are damaged and it
is hard to estimate the true length, but they are not
short and probably al of similar length (Fig. 21B).
The tentacles have rather thick mesogloea at the
base; itsthicknessisthe same on the oral and aboral
sides (no aboral thickening; Fig. 23F).

The ectoderm is abraded and the external layers
of themesogloeaare severely damaged, the layers of
the mesogloea are in shreds and detached in some
parts (Fig. 21A—C). The mesogloeaisbetter retained
inthe middle part of the column, where its thickness
is2 mm, and in the pedal disc (up to 1.5 mm thick).
The preserved specimen islight brownish dueto the
colour of the internal structures (endoderm, mesen-
teries, gonads and muscles) visible through colour-
less semitransparent layers of the remaining mesog-
loea.

The marginal sphincter muscleis strong, mostly
reticular, composed by numerous crowded and rela-
tively large meshes (Fig. 22B) forming a wide band
occupying about half of the mesogloea thicknessin
the distal third of the column. The sphincter is
confined to the endodermal side of the mesogloea,
where it forms very characteristic folds (Fig. 22A)
visible on the intact specimen as a series of strong
circular musclebandsencircling thedistal part of the
column (Fig. 21A, C). The structure of the sphincter
is homogenous (not stratified) (Fig. 22C, D). The

sphincter forms an endo-mesogloeal complex with
circular endodermal columnar muscles. Itsthickness
indistal partisup to 450 um. Proximally the sphinc-
ter gradually becomes narrower and passes into the
circular endodermal columnar muscles where the
most proximal meshes of the sphincter are located
between the folds of the endodermal circular mus-
cles (Fig. 22E).

The mesogloeal radial muscles of the ora disc
and the longitudinal muscles on the ora side of the
tentacles are very strong. They are visible by naked
eye on the intact specimen as thick bands running
side by side radially over the whole ora disc and
continuing over the oral side of the tentacles (Fig.
21B). In the histological sections they appear as
characteristically arranged muscle cords occupying
almost the whole thickness of the mesogloea in the
most parts of the oral disc (Fig. 23D), but running
closer to its ectodermal side on the periphery of the
oral disc (Fig. 23E) and in the tentacles (Fig. 23F).
Longitudinal muscles not present on abora side of
the tentacles (Fig. 23F).

Themesenteriesarearranged into four cycles, 48
pairs (Fig. 25A), 24 pairs of the mesenteries of the
first three cycles are sterile and present along the
whole length of the column. All sterile mesenteries,
including two pairs of directives, have filaments.
The mesenteries of last cycle (24 pairs) are weak,
fertile, lack filaments, present only in the proximal
half of columnand regularly alternatewith thesterile
pairsof themesenteries(Fig. 23A, C). Thefirst cycle
consists of six pairs of perfect mesenteries. The
second cycle consists of four pairs perfect mesenter-
ies, four unequal pairs composed of one perfect and
one imperfect mesentery and two pairs imperfect
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Fig. 21. A-C— Ophiodiscus moskalevi sp.n. A — side view; B — top view; C —annular folds of contracted
marginal sphincter visiblethrough thewall of column; D — Ophiodiscusannulatus, aportion seenfrom side,
after Hertwig (1882, PI. 10, fig. 1); E — Ophiodiscus sulcatus, greatly restored, after Hertwig (1882, Pl. 3,

fig. 8).

Puc. 21. A—-C— Ophiodiscus moskalevi sp.n. A — Bua c6oky; B — Bun cepxy; C — ckmaaku
COKpali€HHOro MapruHajabHOTO C(bVIHKTepa BUIHBI CKBO3b CTCHKy TeJIa Ha (bl/IKCI/IpOBaHHOM SKSCMnHﬂpe;
D — Ophiodiscus annulatus, ysacrok rena, Bu c6oky, o Hertwig (1882, PI. 10, fig. 1); E— Ophiodiscus
sulcatus, pexonctpykimsi, mo Hertwig (1882, Pl. 3, fig. 8).

mesenteries. They are distributed bilaterally and
symmetrically in relation of directive plane: each of
two imperfect pair islocated inthe “dorsal” primary
exocoels, one perfect and one unequal pair in four
other exocoels — in two lateral and two “ventral”
primary exocoels (Fig. 25A). In each of the four
unequal mesenterial pairs of the second cycle the
imperfect mesentery is closer to the nearest pair of
thefirst cycle, i.e. the perfect mesentery isfaced by
its retractor to the mesenterial pair of the preceding

cycle, asin Actinostola-rule asit is characteristic for
Tetracoelactis with the bilateral mode of the devel-
opment of the mesenteries. Sterile mesenteries of the
third cycle are imperfect and present only in two
lateral andtwo “ventral” primary exocoels (two pairs
in each exocoel), arranged symmetrically in relation
to the directive plane. Only three pairs of mesenter-
ies are present in each primary “dorsal” exocoels: a
pair of imperfect sterile mesenteries of the second
order, and two pairs of fertile mesenteries of the last
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Fig. 22. Ophiodiscus moskalevi sp.n. A — longitudinal section of aspecimen; B — detail of spincter muscle;
C — distal part of the sphincter; D — middle part of the sphincter; E — proximal part of the sphincter.
Abbreviations: ¢ — column; en — endoderm; f — filaments; Im — longitudinal mesogloeal muscles of the tentacle;
mes — mesentery; od — oral disc; ov — ova; rm — radia muscles of the oral disc; s — sphincter; t — tentacle.
Puc. 22. Ophiodiscus moskalevi sp.n. A — npo10JbHEI# cpe3; B — cTpykTypa MapruHaabHOTrO CHUHKTEPA;
C — nucranpublii koHen chuakrepa; D — cpennnit yuactok chunkrepa; E — mpokcumanbHbIi KOHEI

chuHKTEpA.

CoxpalieHusi: C — KOJIIOMH; en — enrojepma; f — duamentsl; Im — npojosnbHas mMe3orieansHas MycKylIaTypa
LY TaJIbIA; MEeS— Me3eHTepHi; 0d — opalbHbI MCK; OV — stiflia; M — pajuaibHasi MyCKyJaTypa OpajbHOro JAMCKa;

S — cdunkTep; t — mymnansie.

cycle (here they belong to the third order) on each
side of it. Thus the whole specimen is bilaterally
symmetric in relation of the directive plane.

All sterile mesenteries have a corner of a very
thick mesogloeanear themargin of theoral disc (Fig.
23E). Retractor muscles of sterile mesenteries are
diffuse and weak, up to 300 um in width (Fig. 24A).

Fertilemesenterieshave small retractor upto 100 um
inwidth, composed of mesogloeawithincludedinit
muscle meshes and only afew mesogloeal processes
that resemble an endo-mesogloeal type of the mus-
culature (Fig. 24D). The parietobasilar muscles are
very weak. On the perfect mesenteries in the proxi-
mal part of the column (below the actinopharynx,
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Fig. 23. Ophiodiscus moskalevi sp.n. A — transverse section of proxima part of column of the column; B —
transverse section of the column on the level of actinopharynx; C — fertile mesenteries;, D — transverse
section of the oral disc; E — transverse section in the distal part of the body through the oral disc and the
wall of column; F — transverse section of the tentacles.

Abbreviations: ec — ectoderm; f — filaments; mes — mesentery; od — oral disc; or — oral side of the tentacles; ov —
ova; r — retractors. Numbers indicate cycle number of mesenterial pairs.

Puc. 23. Ophiodiscus moskalevi sp.n. A — mornepeuHblii cpe3 B MPOKCUMAIIBHON 4acTH KOJIIOMHA; B —
TIOTIepEeYHBIN cpe3 Yepe3 KOJIIOMH Ha ypoBHe rIIoTKH; C— ¢depTuinbHble Me3enTepun; D —monepednsrii cpes
yepe3 opalbHBI TUCK, E — momepeuHslil cpe3 B AUCTANbHOW YacTW 4Yepe3 OpajbHBIA JAUCK M CTEHKY
KostoMHa; F — monepeuHslii cpes uepes miynasibla.

Coxpatienusi: € — skroaepma; f — dumamenTsr; mes — mesenrepun; 0d — OpalbHBIH AUCK; OF — OpalbHasi CTOPOHA
niynajien, oV — siiua; I — perpaxropsl. Lludpamu 0603HauCHBI HOMEPA LIUKIOB ME3EHTEPHAIBHBIX Tap.
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Fig. 24. Ophiodiscus moskalevi sp.n. A — retractor of the sterile mesentery; B — parieto-basilar part of the
sterile mesentery; C — parietal part of the sterile mesentery; D — retractor of the fertile mesentery; E —
parietal part of the fertile mesentery; F — basilar muscles.

Abbreviations: bm — basilar muscles; fl — the parieto-basilar flap; mt — meshes of transverse muscles in the middle
of the mesogloea of the mesentery; ov — ova; r — retractor; tf — trilobate filament.

Puc. 24. Ophiodiscus moskalevi sp.n. A — peTpakTop CTepHIIbHOTO Me3eHTepHs; B — mapuero-6asuisipaast
4acTb CTEPUIIBHOTO Me3€HTepI/I$I; C— napuerajbHad 4acTb CTCPUIIBHOI'O MeSeHTepI/ISI; D— PETPAKTOP
(bepTunbHOro Me3eHtepusi; E — mapueranbHas yacte (pepTHbHOTO MedeHTepus; F — 0azanbHas Mycky-
Jarypa.

Coxkpamtennst: bm — 6GasanbHas Myckynarypa; fl — mapuero-6asmisipHsiil BeICTYI; Mt — sYCHKH MONEPEYHOI
MYCKYJIaTypbl B CEpEMHE ME30IJICH ME3CHTepHsi; OV — stiiua; I — perpakrop; tf — Tpuobarusrit huaament.
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Fig. 25. Arrangement of the mesenteries. A — Ophiodiscus moskalevi sp.n.; B —Ophiodiscus bukini sp.n.
Numbers indicate cycle number of sterile mesenterial pairs. Gonads are marked by small black circles on the end of the

mesenteries of the last cycle.

Abbreviations: dd — “dorsal” directives; vd — “ventral” directives.

Puc. 25. Oprannzauust MeseHrepres. A — Ophiodiscus moskalevi sp.n.; B — Ophiodiscus bukini sp.n.
Hudpamu 0603HauSHBI HOMEpA IIMKJIOB CTEPUIIBHBIX ME3CHTEPHAIBHBIX Map. I OHa bl 0003HAYEHBI YEPHBIMU KPYKOY-
KaMH Ha KOHI[aX Me3eHTepreB mocnenuero mukia. Cokpamenus: dd — “ nopcanbHbie” HAMpaBISIONINE TaPbl ME3EHTE-
pues; Vd — “BeHTpanbHble” HAMPABISIIONINE MaPhl ME3CHTEPUCB.

wherefertile mesenteries are present) they may form
short flap (up to 100 pm). A chain of muscle meshes
(transverse muscles) continues from a parieto-basi-
lar flap in the parietal direction in the mesogloea of
the mesentery on a distance of about 3 mm (Fig.
24B). The most parietal (on adistance 200-300 pm
from the body wall) part of the longitudinal muscu-
lature on the side of retractor is formed by 10-15
noticeable, dlightly branched muscle processes, up
to 35 umin length on sterile (Fig. 24C) and up to 25
pm on fertile mesenteries (Fig. 24E). The opposite
side of the mesentery has no such enlargement of
the parietal section of the musculature. The stomata
arenot found and probably not present. The mesog-
loeain thetrilobate filamentsisthick, up to 100 um
(Fig. 24A). In the unilobate filaments it is much
thinner. Basilar muscles are well-developed (Fig.
24F). The gonads, containing large ova (up to 800
pm in diameter), are profusely developed (Fig.
23A, C).

Cnidom includes spirocysts, basitrichs, p-masti-
gophores A, p-mastigophoresB1 (Tab. 5, Fig. 26). It
was not possible to study nematocysts on the margin
becauseits ectoderm was abraded. Thetentaclesand
the oral disc are not distinguishable by their cnidae:
they contain spirocysts and basitrichs of the same
size ranges and abundance (Fig. 26C, D). Some
larger spirocysts have unevenly laid tubule but they
are not considered as belonging to another type. The

cnidoglandular tracts of unilobate filaments contain
p-mastigophores A and B1 (Fig. 26G, H) while the
small basitrichs, similar to those of the endoderm
(Fig. 26 1), which occur on macerated samples of
filaments, are present actually in the endoderm of the
mesenteries near the cnidoglandular tracts, where
they are common (60 cnidae measured). P-mastigo-
phores A in the actinopharynx and filament (Fig.
26F, G) are of the same size, have thin-walled
capsule without apical flap; undischarged shaft is
15-25 um and has 23-26 spira turns of rows of
spines. P-mastigophores B1 (Fig. 26H) occurs only
in the filaments, has a thick-walled capsule and
three-lobed apical flap; undischarged shaft is 14-19
pum and has 12-17 spiral turns of rows of spines.

HABITAT. Abyssal species, occurson soft mud-
dy bottom. Thelabel states: “the ground: gray-green
pearlite mud, tubes of foraminifers Bathysiphon
Sars, 1872". In live the oral disc probably iswidely
expanded, lies on the bottom and represents one
“catching” surface (nematocysts of the tentaclesand
of the oral disc are the same).

ETYMOLOGY . The species named after Lev I.
Moskalev who was a great scientist, a legendary
person in Russian bio-oceanology. He took part in
more than thirty, mostly deep-sea expeditions and
collected of ahuge number of samples, including the
species described above. He, unfortunately, passed
away at the end of 2020.
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Ophiodiscus moskalevi sp.n.
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Fig. 26. Ophiodiscus moskalevi sp.n., distribution of cnidae (see Table 5 for size ranges).
Puc. 26. Ophiodiscus moskalevi sp.n., pacripenenenue KHuj (pa3mepbl ykasaHsl B Ta0J1. 5).

REMARKS. Described above species closely
resembles two species on which Hertwig (1882)
based his genus Ophiodiscus. Hertwig's (1882)
material was in avery poor condition, he remarked
that the specimenswerefixedin chromicacidand the
state of preservation was extremely unsatisfactory.
Neverthel ess, he was able to observe and describein
details some peculiar features allowing identifica-
tion of described above specimen asamember of the
genus Ophiodiscus. The sinuous shape of the sphinc-
ter (in preserved condition) isunusual and character-
istic (compare Hertwig's, 1882 figures reproduced
here and photographs of the present specimen, see
Fig. 21). Hertwig (1882) described and figured nu-
merous circular furrows caused by the sphincter on
thedistal part of column, thisfeatureisquite evident
inthe present specimen (Fig. 21A, C). The mesogl o-
eal muscles on transverse sections of the oral disc of
O. annulatus (Hertwig 1882, Plate X, Fig. 5) are
peculiarly curved and very similar to those of O.
moskalevi sp.n. (Fig. 23D). Hertwig (1882) saysthat
his drawing of the exterior of O. sulcatusis greatly
restored and schematic (see Fig. 21E), nevertheless
it closely resembles our specimen (Fig. 21B). Both
species described by Hertwig (1882) have the same
number of mesenteries as the present species (24
sterilefilament-bearing pairs running over thewhole
column and 24 fertile filament lacking pairsin prox-

imal part of column only). Hertwig (1882) reported
about 100 tentacles for O. annulatus but from his
description and figure he gave (Plate X, Fig. 3) itis
clear that thisisamistype, both his species have 48
tentacles.

SPECIES LEVEL COMPARISON. In contrast
with O. moskalevi sp.n. both Hertwig's (1882) spe-
cies have pedal disc much smaller than the oral disc.
The distribution of the mesenteriesin O. annulatus,
appear be more regular than in the present species.
Hertwig (1882) explicitly stated that the sterile me-
senteries in his species are distributed in three cy-
cles, two cycles (12 pairs) are perfect while mesen-
teries of third cycle, 12 pairs, are imperfect. In O.
moskalevi sp.n. pairs of sterile mesenteries are dis-
tributed in another way (Fig. 25A), ten of them are
perfect and four are unequal, composed of one per-
fect and one imperfect mesentery, a feature not
mentioned by Hertwig (1882). According to Hertwig
(1882) small fertile mesenteries of O. annulatus
follow Actinostola-rule: “The septa of a reproduc-
tive pair are aways unequal in size, and that one of
them is always the largest which stands next the
muscular septum of thehigher order” (Hertwig 1882:
60). In O. moskalevi sp.n. individual mesenteriesin
fertile pairs are not arranged according to the Acti-
nostola-rule (Fig. 23C). Itispossiblethat dueto poor
state of his material Hertwig's (1882) interpretation
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Table 6. Size ranges (length x width, in microns) and distribution of cnidae of Ophiodiscus bukini sp.n.

Letters in brackets correspond to lettersin Fig. 30.

Tabmuma 6. Pa3meps! (1inHa X MHMPHHA, B MUKPOHAX) M PACIPEIeTICHAe CTPEKATeNbHBIX KarcyJT
Ophiodiscus bukini sp.n. Bykser B ckoOkax cooTBeTcTBYIOT OykBam Ha puc. 30.

Body region Cnidae Size ranges (um)
Pedal disc (A) basitrichs (common) 17-23 x 2-3
Column (B) basitrichs (common) 18-25 x 2-3
(C) spirocysts (very numerous) 23-77 x 2-6
Tentacles (D) basitrichs (numerous) 27-39x 2535
. (E) basitrichs (common) 20-34 x 2-3.5
A h
ctinopharynx (F) p-mastigophores A (few) 29-35x 4555
Filaments (G) p-mastigophores A (common) 26-36 x 4.5-6
(H) p-mastigophores B1 (numerous) 26-36 x 4-5
Endoderm (1) basitrichs (see text) 11-21 x 2-3

of the arrangement mesenteries and his assumption
that fertile mesenteries follow Actinostola-rule are
not correct, but his statement may be verified only if
new specimens of his species will be collected in
type locality. Taking in account morphological dif-
ferences discussed above and a huge geographic
distance between the records of Hertwig's (1882)
species and O. moskalevi sp.n. (off Chile and off
Kamchatka) we infer their conspecificity unlikely
and describe our specimen as a new species.

The anatomy of the second Hertwig's (1882)
species, O. sulcatus, isworse known becauseit “was
so completely tattered that asuperficial examination
could hardly recognize an Actinia in the whitish
mass’ (Hertwig 1882: 61). Hertwig (1882: 62) sug-
gested that it may beidentical with O. annulatus, and
indeed, all reported features are similar, the only
difference, which may be reliable, is the shape and
thesize of the sphincter, whichisweak in O. sulcatus
and forms no characteristic plications (*absence of
annulation” of the distal column).

Ophiodiscus bukini sp.n.
Table 6; Figs 25B, 27-30.

MATERIAL EXAMINED. Holotype MIMB
41370, RV Akademik M.A. Lavrentyev, 75 cruise,
St. 21, sample 9, 01 July 2016, NW Pecific, the
south-west Bering Sea, in the northern slope of the
Volcanologists Massif, 55.47725°N, 167.251472°E,
2732 m, ROV Comanche 18 NSCMB FEB RAS,
one specimen.

DESCRIPTION. Four specimens were photo-
graphically documented by ROV, onewas collected.
Live specimens are disc-shaped, the short columnis

completely hidden under the very wide oral disc, its
diameter is estimated as 20 cm (Fig. 27A, B). Pre-
served and contracted specimen hasaform of ashort
cylinder, 9 cmin diameter and 5 cm high (Fig. 27C,
D). In live it was monotonous light rose-beige with
slightly darker radial lines on the oral disc over the
mesenteria insertions. In formalin all parts of the
body are dirty-white, some brown pigment present
only on the inner lining of the actinopharynx (ex-
cluding siphonoglyphs) and in the endoderm of the
mesenteriesalong theunilobatefilaments(Fig. 28A).

The pedal disc is circular, concave, of the same
diameter as column, with fine radial ridges between
the insertions of the mesenteries on the periphery of
the disc (Fig. 28A), without remnants of cuticle.

The column has a transverse circumferential
furrow in the middle (Fig. 27D). The distal part of
column cannot cover the tentacles (Fig. 27C). The
surface of the most part of the columnismore or less
smooth, with shallow irregular wrinklesin preserva-
tive caused by contraction; short shallow longitudi-
nal furrows corresponding to the insertions of the
mesenteriesare present at itsmost proximal part. The
ectoderm of the columnismostly retained, very thin.
The mesogloeais about 5 mm thick in most part of
the column, thinner at limbus, especially along the
border between the columnar wall and the pedal disc,
and at distal part of the column: in distal part of the
column it is up to 3 mm (as in abora side of the
tentacles).

The number of the tentacles is rather constant:
56, 56, 57 and 58 (in the holotype) tentacles were
counted in four specimens on underwater photo-
graphs. They are short, conical, sharply pointed in
live, blunt in preservative, al of the same size,
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Fig. 27. Ophiodiscus bukini sp.n. A-B — specimens in natural environment, photo ROV Comanche 18
NSCMB FEB RAS; C — preserved holotype, top view; D — preserved holotype, side view.

Puc. 27. Ophiodiscus bukini sp.n. A—B — xwuBsie sx3emmuisipsl, poro THITA Comanche 18 HHIIMB JIBO
PAH; C — ¢uxcupoBaHHbIii roI0OTHII, BH]J cBepXy; D — (ukcupoBaHHBIi ToJI0THI, BUI COOKY.

arranged in asingle circle on the margin. In live the
tentacles are lying horizontally on the substratum
(Fig. 27A, B). The tentacles are thick walled, the
mesogloeaisthicker along the whole aboral side but
special aboral mesogloeal thickeningsat base are not
present (Figs 28B, 29D). The thickness of the me-
sogloeaon the aboral side of thetentaclesisthe same
asindistal column and its thickness on the oral side
isthe same asin oral disc (Fig. 28B).

The oral disc in live is more or less flat with
slightly raised oral cone. Itssurfaceisradially ridged:
the insertions of the mesenteries are marked by
narrow radial furrows and the mesogloea over exo-
and endocoels is thickened forming a ridge clearly
visible on live specimens (Fig. 27A, B). Exo- and
endocoelic radial ridges are similar in the size and
shape.

The actinopharynx has two very large thick-
walled siphonoglyphs, they are folded in the pre-
served material (Fig. 28A), and ninethick longitudi-
nal mesogloeal ridges on each side between the
siphonoglyphs.

Themarginal sphincter muscleisweak, very thin
in comparison with the thickness of the mesogloea
(Fig. 28B), 0.4 mm in the widest distal part, gradu-
ally tapering proximally, rather long (up to 3 cm,
about a half of the column length, it almost reaches
acircumferential fold on the column). It runs along
the endodermal side of the mesogloea and forms
endo-mesogloeal complex with the circular endo-
derma muscles of the column. Its distal part has
several wide folds (Fig. 28B, C). The distal part of
the sphincter is distinctly reticular, but it gradually
becomes alveolar toward the proximal end (Fig.
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Fig. 28. Ophiodiscus bukini sp.n. A — longitudinal section of the whol e specimen; B — longitudinal section
through the distal part of column; C — distal part of the sphincter; D — proximal part of the sphincter.
Abbreviations: ¢ — column; en — endoderm; Im — longitudinal mesogloeal muscles of the tentacle; mes— mesentery;
od — oral disc; ov — ova; rm — radia muscles of the oral disc; s — sphincter; sp — siphonoglyph; t — tentacle.
Puc. 28. Ophiodiscus bukini sp.n. A — mpoobHbIil cpe3; B — mpoaosbHbIii cpe3 uepes BepXHIOK 4acTh
xomomHa; C — nuctansHbli KoHer chuakTepa; D — npokcumanbHEIN y9acTok chUHKTEpa.
CokparieHusi: C — KOJIOMH; €N — eHToaepma; |M — mpomonbHas Me30riieanbHas MyCKyJIaTypa IIynaibia; mes —
Me3eHTepHii; 0d — OpanbHBIN AUCK; OV — siina; MM — paguanbHas MyCKyJIaTypa OpaibHOTO JUCKA; S — COHUHKTED;

Sp — cudonoraud; t — mynansie.

28D). Circular endodermal muscles are well devel-
oped inthe middle and proximal parts of the column
(Fig. 28D). The radial muscles of the oral disc are
mesogloeal and strong, arranged into thick separate
bundles running over each exo- and endocoel, on
equal distance from ecto- and endodermal sides of
the mesogloea (Fig. 29B). The longitudinal muscles
of the tentacles are mesogloeal and present only on
the oral side (Fig. 29D). They have the same struc-
ture and thickness as the radial muscles of the oral
disc (Fig. 28B).

Themesenteriesare arranged in four cycles. The
mesenteries of the first three cycles are sterile and
present along the whole length of the column. All
sterile mesenteries, including two pairsof directives,
have filaments. The mesenteries of the last (the

fourth) cycleareweak, fertile, lack filaments, present
only in the proximal half of column and regularly
aternate with the sterile pairs of the mesenteries
(Figs 25B, 29C).

Themesenteriesarearranged in as 6+9+14+29 =
58 pairs. The first cycle consists of six pairs of
perfect mesenteries. The second cycle consists of six
pairs perfect mesenteries and three unequal pairs
composed of one perfect and one imperfect mesen-
tery in two lateral and one “ventrolateral” primary
exocoels (Fig. 25B). The mesenteries of the third
cycle are imperfect. Third cycle of the mesenteries
hastwo duplicationsarranged symmetrically inrela-
tion to the directive plane. Thus the arrangement of
the mesenteriesisbilateral, the symmetry isdeviated
only by the absence of an additional pair of unequal
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Fig. 29. Ophiodiscus bukini sp.n. A — transverse section of the half of column; B — transverse section of
the oral disc; C — transverse section of the column; D — transverse section of the tentacles; E — retractor
of themesentery of thefirst cycle; F— parieto-basilar part of the mesentery of the second cycle; G— parieto-
basilar part of the mesentery of thefirst cycle; H — parietal part of the sterile mesentery of the first cycle.
Abbreviations: ec— ectoderm; f — unilobate filaments; fl — the parieto-basilar flap; mt — meshes of transverse muscles
inthemiddle of the mesogloeaof the mesentery; or — oral side of thetentacles; ov— ova; p— the pennon of theretractor;
tf — trilobate filaments. Numbers indicate cycle number of mesenterial pairs.

Puc. 29. Ophiodiscus bukini sp.n. A — nonepeyHslii cpe3 depes MOJIOBUHY KOJIIOMHA; B — monepeyHsiit
cpe3 depe3 opaibHblil quck; C — momepednsli cpe3 uepe3 KomoMH; D — momepeunsiii cpe3 uepes
mrynansia; E — perpakrop Me3eHTepHs IepBOro HuKia; F — napuero-0a3mispHbId y4acTOK ME3EHTEPHS
BTOpOTo IKiIa; G — napuero-0a3wsIpHBIA y9acTOK ME3eHTepHs IIEPBOTo IUKJIa; H — mapueranbHas 4acTb
CTEpUIILHOI'O ME3EHTEpUs MEPBOro LUKJIA.

Coxkparenust: €C — skrozepma; f — ynunobarueie dunamentsr; fl — napuero-6a3usspHbiil BepocT; Mt — sueiiku
MONEPEeYHON MYCKYJIaTypbl B CEPEIMHE ME30IJIeN ME3EHTEepus; Of — opajibHasl CTOpOHA Liynajiel, OV — siina; p —
BBIPOCT perpakrtopa; tf — Tpunobarubie Gpunamentst. [ludppamu 0603HaUEHBI HOMEPA [IUKIIOB ME3EHTEPUAIILHBIX TI1ap.
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Ophiodiscus bukini sp.n.

Pedal disc | Column Tentacles

Actinopharynx

Filaments Endoderm

I

E

Fig. 30. Ophiodiscus bukini sp.n., distribution of cnidae (see Table 6 for size ranges).
Puc. 30. Ophiodiscus bukini sp.n., pactipenenenne kuua (pasmepsl ykasanbl B Tadi. 6).

mesenteries of the second cyclein one “ventrolater-
a” primary exocoel (Fig. 25B).

The mesenteries of the first three cycles have a
very thick mesogloeain thedistal part of the column
(Fig. 29A). In the proximal half of the column the
mesogloea of all mesenteriesis thin (Fig. 29C).

Retractor muscles are diffuse and weak, running
along theadaxial (inner, closer to the actinopharynx)
part of the mesenteries. Retractors of the mesenteries
of thefirst two cyclesmay form anarrow flap, better
devel oped on the mesenteries of thefirst cycle (up to
1 mmlong, Fig. 29E). Fertile mesenteries have very
weak retractors represented by separate muscle fi-
bres, but they may form a short (to 100 um) flap on
asmall mesogloeal fold near the gonad. The parieto-
basilar muscles are very weak, may form short flaps,
up to 100 um, on the mesenteries of the first and the
second cycles (Fig. 29F). Very small muscle meshes
of transverse muscles are present in the mesogloeain
the region of the parietobasilar muscles of the me-
senteries of the first and the second cycles. They
extend from the parieto-basilar flap in parietal direc-
tion on about 500-1000 um. On the first cycle the
chains of these meshes are longer than on the second
cycle (Fig. 29G). The most parietal (closer to the
body wall, on a distance of about 400-500 pm from
the body wall) part of the longitudinal musculature
(on the side of theretractors) isformed by afew (8—

12) noticeable, slightly branched muscle processes
(to 90 um in length) more or less equally developed
on the mesenteries of all (sterile and fertile) cycles
(Fig. 29H). On the opposite, parieto-basilar, side of
the mesenteries such a strengthening of the parietal
section of the musculature not developed.

The mesenteries have large oral stomata about 1
cmindiameter. Themarginal or central stomatawere
not found. The mesogloea of the mesenteries near
thetrilobate filamentsis several times thicker (300—
500 um) (Fig. 29C, E) than near the in unilobate
filaments (about 100 um). The gonads, containing
large ova, up to 1 mm diameter, are profusely devel-
oped (Fig. 29C).

Cnidom includes spirocysts, basitrichs, p-masti-
gophores A, p-mastigophores B1 (Tab. 6, Fig. 30).
Themost part of the column, apart fromitsdistal part
about 1 cm from margin, contains only one type of
basitrichs (Fig. 30B). The distal part of the column,
thetentacles and the oral disc are not distinguishable
by their cnidae: they contain spirocysts and ba-
sitrichs of the same size ranges and abundance (Fig.
30C, D). Basitrichsin theseregionsoften areslightly
narrowed and curved at basal end (Fig. 30D). Some
spirocysts have unevenly laid tubule in some (larger
or smaller) part of the capsule but their capsules are
of the same width as the capsules of the similar
length having evenly laid tubule, thus we do not
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distinguish them as belonging to a separate robust
type. The endoderm contains small basitrichs (Fig.
30 I), they are very rare in most regions, but are
crowded in the endoderm of the tentacle tips, espe-
cialy on the oral side. The cnidoglandular tracts of
unilobate filaments contain p-mastigophores A and
B1 (Fig. 30G, H) whilethe small basitrichs, similar to
thosefromtheendoderm (Fig. 301), which are present
on macerated samples, are present actually in the
endoderm of the mesenteries near the cnidoglandular
tracts. Similar basitrichs are present in the cnidoglan-
dular and reticular tracts of thetrilobate filaments and
in the endoderm of the mesenteries near them. All
basitrichs and p-mastigophores B1 (Fig. 30H) are
stained by basic stainsin contrast with spirocysts and
p-mastigophores A. P-mastigophores A in the acti-
nopharynx and filaments (Fig. 30F, G) have thin-
walled capsules of similar size without apical flap;
undischarged shaft is 15-22 um and has 15-22 turns
of rowsof spines; discharged shaft becomesabout two
times longer. P-mastigophores B1 (Fig. 30H) are
present only in filaments. They have thick-walled
capsule and three-lobed apical flap; undischarged
shaft is 14-20 um and has 9-13 turns of rows of
spines, sometimes the tip of the shaft is pointed.

HABITAT. The specieslives unattached on soft
bottom at lower bathyal depths. In live the oral disc
is widely expanded, lies on the bottom and repre-
sents one «catching» surface.

ETYMOLOGY. The speciesis named after Ilya
Bukin, a pilot of ROV Comanche 18 NSCMB FEB
RAS who worked in both 75 and 85 cruises of RV
Akademik M.A. Lavrentyev.

REMARKS. The present species differs from
other Ophiodiscus species by larger number of me-
senteries and tentacles: O. annulatus, O. sulcatus
and O. moskalevi sp.n. al have 48 tentacleswhileall
specimens of O. bukini sp.n., observed on underwa-
ter photographs, havelarger and stable number of the
tentacles (56, 56, 57 and 58). Large oral stomata are
present in O. bukini sp.n., while O. moskalevi sp.n.,
whichwas collected much deeper, hasno any kind of
stomata. In live disc-shaped body of O. bukini sp.n.
has some (rather distant) resemblance with Scyonis
heliodiscus, but they cannot be confused on the
underwater photographs: the tentacles are different
and arranged in two rows in S. heliodiscus.

Family Anthosactinidae fam.n.

DIAGNOSIS. Actiniaria with definite base and
mesogloeal sphincter which is not separated from
circular endodermal musculature of column. Acon-
tianot present. Aboral sides of the bases of the outer
tentacles have nematocyst batteries. a patches of

N.P. Sanamyan et al.

thickened ectoderm with large crowded nematocysts
(heterotrichs or holotrichs). Cnidom: spirocysts,
heterotrichs, basitrichs, p-mastigophores A, p-mas-
tigophores B1.

Included genera: Anthosactis Danielssen, 1890
(type genus), Hormosoma Stephenson, 1918 and
Tealidium Hertwig, 1882.

Anthosactis, Hormosoma and Tealidium were
previously classified in Actinostolidae on the basis
of the presence of definite base, mesogloeal sphinc-
ter and absence of acontia. In his key to genera
Carlgren (1949) placed them into a section uniting
genera in which the mesenteries are not arranged
according to the Actinostola-rule. The same section
contained several other genera, some of which are
certainly not related and not confamiliar with Acti-
nostola, e.g. Paranthus Andres, 1883, with its pecu-
liar drop-shaped nematocysts (our own data and see
also L 6pez-Gonzalez, Garcia-Gomez, 1994), or An-
tholoba Hertwig, 1882, which has strongly deviating
position on molecular tree (see Rodriguez et al.,
2012), or Actinoscyphia and Epiparactiswhich were
removed from Actinostolidae into a separate family
Actinoscyphiidae by Riemann-Zirneck (1978). An-
thosactis, Hormosoma and Tealidium constitute a
group of closely related to each other but morpho-
logically distinctive generawhich show no any trac-
esof arrangement of the mesenteriesaccording tothe
Actinostola-rule. In Bayesian Inference (Bl) and
Maximum Likelihood (ML) analyses these three
genera form a separate clade with 100% bootstrap
support in ML and posterior probability equal to 1in
Bl trees (Fig. 38). As we already stated above (in
comments under Sicyonidae) uniting together genera
Actinostola, Stomphia, Scyonis, Ophiodiscus, An-
thosactis, Hormosoma and Tealidium, (and also, pos-
sibly, members of Exocoelactinidae, Capneidae and
Hal campul actinidae which on molecular trees consis-
tently resolved among them) in one family (Actinos-
tolidae) would considerably obscure both morpho-
logical and molecular diversity and is not acceptable.
In the present work we remove Anthosactis, Hormo-
soma and Tealidium from Actinostolidae and place
them into a separate family Anthosactinidae fam.n. A
restriction the family Actinostolidae to the generain
which the mesenteries are arranged to Actinostola-
rule (Actinostola, Somphia and Glandulactis Rie-
mann-Zirneck, 1978) is, actudly, a revert to the
origina understanding of Actinostolidae by Carlgren
(1893) who removed Actinostola and Stomphia from
Paractinidae on the basis of this feature only, and is
in agreement with the understanding of this group
(as a subfamily) by Stephenson (1920).

Type genus of Anthosactinidae fam.n., Anthos-
actis, includes five species (Fautin, 2016, in her
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Table 7. Size ranges (length x width, in microns) and distribution of cnidae of Tealidium konopli-

norum sp.n. (based on three specimens). Letters in brackets correspond to lettersin Fig. 37.
Ta6muna 7. Pa3smeps! (JuinHa X mUpUHA, B MUKPOHAX) U pacrpe/eieHne cTpekaTenpubix kancyn Tealidi-
um konoplinorum sp.n. (o Tpem sx3eMiutsipam). BykBbI B CKOOKax COOTBETCTBYIOT OykBaM Ha puc. 37.

Body region Cnidae Size ranges (um)
i (A) basitrichs (rare) 17-18 x 3
Pedal disc (B) basitrichs (few) 2231 %45
(C) basitrichs (rare) 15-22 x 2.5-3
(D) basitrichs (common) 21-35x 3.5-6
Column (E) heterotrichs (rare) 17-25x5.7-75
(F) holatrichs (rare) 32-37 x 9.5-13
(G) p-mastigophores A (common) 25-43 x 3.2-8
(H) spirocysts (very numerous) 27-83x 258
Tentacles (I heterotrichs (common) 2940 x 4-6.5
(J) heterotrichs (batteries) 95-124 x 9.5-11.5
(K) spirocysts (common) 30-56 x 3-7.5
Oral disc (L) basitrichg (few) 1825 x 2.7-3.7
(M) heterotrichs (few) 3341 x456.5
(N) p-mastigophores A (few) 24-29 x 57
Actinopharynx (O) p-mastigophores A (few) 24-30.5% 4.7-6.3
Filaments (P) p-mastigophores A (common) 22-30 x 57
(Q) p-mastigophores B1 (few) 32-37 x 3.5-5.5
Endoderm (R) basitrichs (very rare) 18-20 x 2-2.8

catalogue, lists seven species, but one, A. pearseae
Daly et Gusméo, 2007, was earlier removed from
this genus by Rodriguez et al., 2012 and another, A.
nomados White et al., 1999, iswrongly assigned to
thisgenusasis apparent from its described morphol -
ogy and cnidom). Type species of Anthosactis, A.
janmayeni Danielssen, 1890, is an Arctic species, it
was redescribed by Riemann-Zirneck (1997) in de-
tails. Four other Anthosactisspeciesarepoorly known
and based only on the original descriptions. Hormo-
soma includes one species, H. scotti Stephenson,
1918. It is widely distributed in Antarctic and was
redescribed by many authors (e.g. Dunn, 1983, Ro-
driguez, LOpez-Gonzalez, 2013, Sanamyan et al.,
2015¢). It differs from Anthosactis by mesogloeal
longitudinal muscles of the tentacles (they are clear-
ly ectodermal in type species of Anthosactis). Tea-
lidium currently includes three species, including a
new species described below.

Tealidium Hertwig, 1882

Type species: Tealidium cingulatum Hertwig,
1882, by monotypy.

Tealidium differs from Anthosactis and Hormo-
soma by characteristic mesogloeal papillae arranged
in longitudinal rows on column. In other features it
closely resembles Anthosactis: both genera have
strong ectodermal longitudinal muscles on the oral
sides of the tentacles and nematocyst batteries at the
bases of the aboral sides of thetentacles. All stronger
mesenteries are fertile.

Tealidiumwascreated by Hertwig (1882: 51) for
“al forms which agree with the Tedlidae in the
papillose nature of the wall, but which differ from
them in the mesodermal position of the sphincter”.
Carlgren (1921: 191) was first who recognized the
close relationship of Anthosactis and Tealidium:
“outer tentaclesare]...] provided with astrong battery
of very long and broad nematocystsof acharacteristic
type, an arrangement, observed by myself only inthe
genera Anthosactis and Tealidium’.

Tealidium konoplinorum sp.n.
Table 7; Figs 31-37.

MATERIAL EXAMINED. NW Pacific, thewest
Bering Sea, RV Akademik M.A. Lavrentyev, 82
cruise, ROV Comanche 18 NSCMB FEB RAS.
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Fig. 31. Tealidium konoplinorum sp.n. A—C — specimens in natural environment (C — paratype MIMB
41360), photo ROV Comanche 18 NSCMB FEB RAS; D — specimen in aquarium, holotype.

Puc. 31. Tealidium konoplinorum sp.n., sxuBble sx3emiuisipsl. A—C — B ectecTBeHHOM cpeze oburanus (C —
naparunt MIMB 41360 Bo Bpemsi c6opa), ¢poro THITA Comanche 18 HHIIMB JIBO PAH; D — B

aKBapUyMe, TOJIOTHII.

Holotype MIMB 41358, St. 13, sample 4, 25
June 2018, 60.8333°N, 174.3739°E, 660 m.

Paratypes: MIMB 41359, St. 13, sample 4, 25
June 2018, 60.8333°N, 174.3739°E, 660 m, one
specimen; MIMB 41360, MIMB 41361, St. 18,
sample 3, 30 June 2018, 61.1195°-61.1194°N,
174.9650°-174.9653°E, 658-662 m, two specimens;
MIMB 41362, MIMB 41363, St. 21, sample 2, 03
July 2018, 60.8343°-60.8343°N, 174.3720°-
174.3726°E, 660 m, two specimens. NW Pecific, the
south-west Bering Sea, Volcanologists Massif, RV
Akademik M.A. Lavrentyev, 82 cruise, ROV Co-
manche 18 NSCMB FEB RAS: MIMB 41364, $t. 9,
sample 1, 18 June 2018, 55.3451°-55.3466°N,
167.2750°-167.2752°E, 1957-1933 m, one Speci-
men; MIMB 41365, St. 6, sample 3, 16 June 2018,
55.6826°-55.6825°N, 167.1075°-167.1075°E,
3397-3393 m, one specimen.

DESCRIPTION. More than 30 specimens were
photographically documented by ROV, eight of them
werecollected. Expanded live specimenshavecylin-
drical column 2.5-6 cm in height and diameter with
longitudinal rows of conical mesogloeal papillae
(Fig. 31A-D). The pedal discis3-6 cmin diameter,
the oral disc 5-8.5 cm, the diameter of the tentacular
crown 7-15 cm. All live specimens have monoto-
nous orange colouration of column, tentacles, oral
disc and actinopharynx which varies from bright to
paer in different specimens. The limbus is white
(Fig. 31A, D). The tips of columnar papillae are
whitish (Fig. 31D). The aboral sides of the bases of
the outer tentacles are marked by opal escent patches
(Fig. 32D). Opalescent radial bands are sometimes
present on the oral disc between theinsertions of the
mesenteries. Preserved specimens are cylindrical or
thecolumnisdlightly wider initsdistal (Fig. 32C) or
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Fig. 32. Tealidium konoplinorum sp.n., preserved specimens. A — side view, paratype MIMB 41360; B —
transverse section of the column, paratype MIMB 41360; C — holotype; D — longitudinal section through

the distal part of column, holotype.

Abbreviations: nb — nematocyst batteries; s — sphincter.

Puc. 32. Tealidium konoplinorum sp.n., ¢pukcupoBanHbie sK3eMIUIsIpbl. A — Buj c6oKy, maparun MIMB
41360; B — momnepeunslii cpe3 komomua, napatun MIMB 41360; C — ronorumn; D — npononbHblit cpe3

BerHCfI YaCTH KOJIFOMHA, I'OJIOTHII.

Coxkpautenust: Nb — skTozepma, cojepamias 6araper HeMaToOLHCT; S — CQHUHKTEp.

proximal parts (when the pedal disc is expanded,
Fig. 32A), 24 cminheight, 3-4.5cmin diameter in
the distal part and of 2.3-5.6 cm in diameter in the
proximal part. The holotype is about 3 cm in height
and diameter (Fig. 32C). The tentacles and the oral
disc arecovered by thedistal part of the column. The
ectoderm in preserved specimens usually is darker
(brown) than all remaining parts of the anemone
(which are beige), especialy in the distal part of the
column. Contracted columnar papillae, which re-
tained the ectoderm, looks like dark spots (Fig.
32A).

The specimen MIMB 41365, recorded much
deeper (3397—-3393 m) than other specimens, differs
in being very pale (almost without pigmentation)
and having much longer columnar papillae. It is
assigned to this species tentatively.

Thetentaclesarearranged infour or fivecycles,
up to 100-120 in number, tapering to pointed tip.
Inner tentacles are up to 2—4 cm long and 4-7 mm
in basal diameter in expanded specimens on under-
water photographs (Fig. 31A—C). The ora disc is
flat, circular and wider than the column. The pedal
disc is circular, slightly wider than the column,
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Fig. 33. Tealidium konoplinorumsp.n., paratype MIMB 41360. A — longitudinal section through the distal
part of column; B— distal part of the sphincter; C— proximal part of the sphincter; D — circular endodermal
columnar muscles.

Abbreviations: ¢ — column; en — endoderm; mes— mesentery; s— sphincter (distal and proximal parts); t — tentacle.
Puc. 33. Tealidium konoplinorumsp.n., naparin MIMB 41360. A — npo1051bHBIi cpe3 Yepe3 AUCTATbHYO
4acTh KoJtoMHa; B — nucranbHas vacte chunkrepa;, C — mpoxcumaibHas 4acTb cuHKTepa, D —
KOJIbLIEBAs 3HTOJiepMallbHas MyCKyJIaTypa KOJIIOMHA.

CoxkpamieHus: C — KOJIIOMH; €N — eHTojaepMa; MeS — Me3eHTepuil; S — cuHkrep (0003HAYCHBI JUCTAIBHBIN U
[IPOKCUMAJIBHbIN KOHIbI); t — Irymansie.
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Fig. 34. Tealidium konoplinorum sp.n. A—C — specimen MIMB 41364. A — transverse section through the
bases of the tentacles to show musculature and thickened ectoderm on aboral sides of outer tentacles, B —
transverse section through the bases of the tentacles to show nematocyst batteries (dark-coloured) on the
aboral sides of the outer tentacles; C — longitudinal ectodermal muscles on the oral side of the tentacles;
D — transverse section of the column below the actinopharynx, paratype MIMB 41360.

Abbreviations: ab — aboral side of the outer tentacles; ec — ectoderm; f — filaments; fl — the parieto-basilar flap;
g — gonads; or — ora side of the tentacle; p — the pennon of the retractors. Numbers indicate cycle number of
mesenteria pairs.

Puc. 34. Tealidium konoplinorum sp.n. A—C — sk3emruisip MIMB 41364. A — nonepeuHslii cpe3 uepes
0KO0JI00a3aJIbHY0 YacTh LIyaJiell, IOKa3bIBAIOIINIT MyCKyIaTypy U yTONIIEHHYIO 9KTOIepMY Ha a00pabHbIX
CTOpPOHAX HAapy)XXHBIX Miynaien; B — momepeuHslit cpe3 depe3 okoj00a3anbHYI0 4YacTh IymMalell,
MOKa3bIBAOIIHH TEMHOOKpAILICHHbIE yUaCTKH 9KTOISPMBI ¢ 0aTapessMi HEeMaTOLUCT Ha a00pajbHBIX CTOPOHAX
HapyXHbIX mrynaien; C — mpoonbHas SKTOAepMalibHas MYCKYJIaTypa ILiynaiel] Ha opajbHOi CTOpOHE,
yBennueHo; D — nonepednslii cpe3 uepe3 KOJTIOMH HIKe T10TKH, mapatun MIMB 41360.

Coxkpamtenns: ab — abopaibHasi cTopoHe mrymnasen; eC — skrojgepma; f — dunamentsr; fl — napuero-6asumnsipusrii
BBIPOCT; § — TOHaJIbI; Of — OpaJibHasi CTOPOHA WIyIMalel]; P — BBIPOCT peTpakTopa. Lludpamu 0603HaueHBI HOMeEpa
IUKJIOB ME3CHTCPHUAJIBHBIX ITap.

often slightly concavein preserved specimens, with
cuticle.

Marginal sphincter muscle rather strong, occu-
pies amost the whole width of the mesogloeain the
distal end of the column and forms a collar in
contracted specimens (Fig. 32D, 33A). In its proxi-
mal part the sphincter extends along endodermal
side of mesogloea and not separated from the endo-
dermal circular muscles (Fig. 33C) forming an endo-
mesogloeal complex with them. The sphincter is

mostly alveolar, but may be reticular in some of its
distal parts (Fig. 33B). Circular endodermal muscles
aredeveloped in ausua way inthe remaining part of
the column (Fig. 33D). Theradial musclesof theoral
disc are ectodermal. The longitudinal muscles of the
tentacles are ectodermal, they are well-developed
only on the ora side (Fig. 34A, C), where the
mesogloea is up to three—four times thinner (150—
300 um together with muscle processes) than on the
abora side (500-800 pm). The endoderm of the
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Fig. 35. Tealidium konoplinorum sp.n., paratype MIMB 41360. A — mesentery of the third cycle with two
retractors, B — spermatozoa; C — transverse section of the column; D — mesentery of thelast (fourth) cycle.
Abbreviations: f —filaments; fl — the parieto-basilar flap; mf — male follicles; pm — parietal part of the muscles of
the mesentery; r1 — the first retractor; r2 — the second retractor. Numbers indicate cycle number of mesenterial pairs.
Puc. 35. Tealidium konoplinorum sp.n., maparun MIMB 41360. A — Me3eHTepHii TPEThEro IHKIIA,
MOKa3bIBAIONIMI HATHYHKE JIBYX peTPakTopoB; B — criepmaro3ounsisl; C— nonepeyHslii cpes yepes KOJIOMH;
D— Me3eHTepI/II71 NOoCJIeAHEro, 4€TBECPTOT 0, HUKIIA.

Coxkpamennst: f — dunamentst; fl — mapnero-6asusipusrii Beipoct; Mf — ceMEHHHKH; PM — MapueTanbHas 4acTh
MYCKYJaTypbl Me3eHTepueB; 'l — nepBblil peTpakTop; 2 — BTopoit perpakrop. Lindpamu 0603HaueHB HOMEpa UKIIOB
ME3CHTCPHAIbHBIX Tap.

tentacles is 50-100 pm thick. The ectoderm of the bases of the inner (endocoelic) tentacles contain no
tentacles is about 100 pum but much thicker on the  such batteries, the ectoderm not thickened and lon-
aboral side of thebases of outer (exocoelic) tentacles  gitudinal musculature on their aboral sides is better
where it is up to 240 um and contains batteries of  developed than on aboral sidesof the outer (exocoel -
large nematocysts (heterotrichs) (Fig. 34B). The ic) tentacles.
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Fig. 36. Tealidium konoplinorum sp.n., arrangement of the mesenteries. A — paratype MIMB 41362; B —
holotype; C — paratype MIMB 41360; D — arrangement of the mesenteries and tentacles of the paratype
MIMB 41363, tentacles are marked by black dots between the mesenteries, exocoelic tentacles of the last
cycle not shown.

Linesin the central parts of figures show how the mesenteries run over the pedal disc. Numbers indicate cycle number
of mesenteria pairs.

Puc. 36. Tealidium konoplinorum sp.n., cxemsr oprann3anuu Me3enrepues. A — naparun MIMB 41362;
B — ronorun; C—naparun MIMB 41360; D — cxema oprann3aiyi Me3eHTEPHUEB | LIyIajel] y apaTuia
MIMB 41363, mynanbia moka3aHsl YepHEIMHE KPY)KKaMH MEXKIy ME3CHTEPHIMH, K30IIeIbHBIE IIIyNalIbIa
TIOCJIETHETO IUKJIa HEe 0003HAYEHBI.

B nenTpe nokasan xo1 Me3eHTepHeB Ha neAanbHOM Jucke. Llndpamu 0603HaueHbI HOMEpa UKIOB ME3EHTEPHAIIBHBIX 11ap.

Actinopharynx has longitudinal ridges and two  ria pairs in second-fourth cycles. The first cycle
deep siphonoglyphs supported by directives (Fig. consists of six pairs of perfect mesenteries. The
32B). second cycle may contain perfect, unequal (one

The mesenteries are arranged hexamerously in - mesentery reaches the actinopharynx but its partner
four cycleswith occasional duplicationsof mesente-  not) and imperfect pairs. The mesenteriesof thethird
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Tealidium konoplinorum sp.n.
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Fig. 37. Tealidium konoplinorum sp.n., distribution of cnidae (see Table 7 for size ranges).
Puc. 37. Tealidium konoplinorum sp.n., pacnpenenenne kuua (pasmepsl ykasaHbl B Ta0JI. 7).

cycle are imperfect. All mesenteries of first, second
and third cycles are fertile. The mesenteries of the
fourth cycle are also imperfect and have no fila
ments, gonads and retractors, i.e. resemble microc-
nemes (Fig. 35D).

Retractor musclesare diffuse, well developed on
the first, second and third cycles closer to adaxial
side of the mesentery (near the gonads), where they
oftenformalong flap whichislonger onthefirst and
the second cycles (500-1000 um; Figs 34D, 35C)
and shorter on the third cycle (300600 pm; Fig.
35A). Parieto-basilar muscles are well-developed
and have free flap up to 400 um on the first and the
second cycles (Figs 34D, 35C), up to 300 um on the
third cycle, and up to 90 um on many mesenteries of
the fourth cycle (Fig. 35D). There are no chains of
muscular meshesin the mesogloea of parietal part of
the mesenteries. The parietal part of the musculature

is developed on both sides of the mesentery (Fig.
35D). A weak secondary retractor is devel oped be-
tween the gonad and filament (a feature resembling
that in Dactylanthus antarcticus (Clubb, 1908)) on
all fertile mesenteries from the first to third cycles
(Fig. 35A, C). The mesogloea in the region of the
secondary retractor is several times thicker than in
filaments. The mesogloea near the trilobate fila-
ments not thickened in comparison with unilobate
filaments. Basilar muscles well-devel oped.

Stomata not found.

The sexes are separate. Male follicles up to 280
pm in diameter. Spermatozoa are radialy symmet-
ric, 2.9-3.3 x 1.2-1.7 um (Fig. 35B). Ovaup to 500
pm in diameter.

Cnidom includes spirocysts, holotrichs, heterot-
richs, basitrichs, p-mastigophores A and p-mastigo-
phores B1 (Table 7, Fig. 37). All five types of the
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nematocysts reported for the column occur in the
ectoderm from the limbus to the level of proximal
end of the sphincter. In more distal parts of column,
including the margin, only p-mastigophores A (Fig.
37G) are present. The holotrichs in the ectoderm of
column (Fig. 37F; 24 cnidae measured) were detect-
ed in two specimens (among three examined): on 10
pm histological sections in one paratype MIMB
41360 and on squash samples of ectoderm of column
in specimen MIMB 41364. Groups of basitrichs
(Fig. 37D) were detected in papillae. Very large
heterotrichs (Fig. 37J) are present only at the dis-
tance of 0.8—-1 mm from the bases of the aboral side
of the outer (exocoelic) tentaclesin the patches of the
thickened ectoderm where they form a battery. All
heterotrichs, basitrichs and p-mastigophores B1 are
stained by basic dyes (toluidine blue) in contrast
with spirocysts and p-mastigophores A. Trilobate
filaments contain one type of rather numerous nem-
atocysts, p-mastigophores A, of the same size range
as in unilobate filaments (Fig. 37P).

HABITAT. The specieswas recorded at bathyal
depths attached to stones or in muddy placeson firm
bottom consisting of mixture of small stones and
gravel. Most often the specimens were recorded on
the methane seeps (658-662 m) near or directly on
bacterial mats together with bivalves of the genera
Calyptogena, Acharax and Pecten (see Krylova et
al., 2019; Galkin et al., 2019). Outside the sites of
methane seeps they are very rare, only two speci-
mens were recorded in other locations on greater
depths (1933-1957 m and 3393-3397 m). Thus, the
speciesisnot an obligate member of seep-associated
communities but often occurs there.

ETYMOLOGY . The species is named after Al-
exander and NikitaKonoplin, specialists of the team
of the ROV Comanche 18 NSCMB FEB RAS.

REMARKS. Only two speciesof Tealidiumwere
known previously, both from very old original de-
scriptions (Hertwig, 1882 and Carlgren, 1921).

TealidiumcingulatumHertwig, 1882 isbased on
one specimen collected by Challenger Expeditionin
subantarctic waters (between Australia and Antarc-
tic continent, 50°1'S, 123°4’E) at 1800 fathoms
(=3276 m). The specimen was small, strongly con-
tracted and flattened (afew mm in height, the pedal
disc, attached to stone, 1 cm in diameter). Neverthe-
less, Hertwig (1882) was able to provide important
anatomical details, in particular he described avery
strong mesogloeal sphincter and stated that the lon-
gitudinal tentacle muscles are ectodermal. He was
not able to count tentacles but concluded that the
specimen has probably only 12 pairs of mesenteries
arranged in two cycles.
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Tealidiumjungerseni Carlgren, 1921 isbased on
four specimens from North Atlantic: 64°34'N,
31°12'W, 1300 fathoms (=2366 m) and 59°12'N,
51°05'W, 1870 fathoms (=3403 m). All specimens
were strongly contracted, disc-shaped. Carlgren
(1921) pointed that the nematocysts in the batteries
of his species, are much larger than in the Anthosac-
tis. Sizerange hereported, 106-134 um, issimilar to
the size range reported here for T. konoplinorum
sp.n. His specimens, however, differs significantly
in the shape and have 48 tentacles, i.e. much fever
than in the present species, they cannot be conspecif-
ic. Riemann-Ziurneck (1997: 491) examined one
specimen of this species described by Carlgren
(1921), which should be considered syntype, but
stated that “this tiny, strongly contracted animal
(about 1 cm diameter and 3 mm high) showed neither
the bulging sphincter nor the large tentacle nemato-
cysts. Hence, the taxonomic relations of the genera
Anthosactis and Tealidium remain uncertain”. A
discovery of T. konoplinorum sp.n., which has all
characters of Tealidium, as they are described by
Carlgren (1921), including very clear mesogloeal
papillae on column and nematocyst batteries (visible
by naked eye) with nematocysts of the sametypeand
same size range as reported by Carlgren (1921),
allowed usto clarify its affinity: it indeed is closely
related with Anthosactis in full accordance with the
initial conclusion of Carlgren (1921).

Family Tetracoelactinidae fam.n.

DIAGNOSIS. Actiniaria with definite base and
mesogloeal sphincter which is not separated from
circular endodermal musculature of column. Acon-
tia not present. The tentacles arranged peculiarly in
connection with the bilateral development of the
younger mesenteries. After the stagewith six pairsof
mesenteries the later mesenteries arise bilaterally in
four sectors of the animal, so that the youngest
mesenteries appear in the middle of the four primary
exocoelsinwhichin each pair of theyounger mesen-
teries one mesentery is larger than its partner. Me-
senteries differentiated into perfect sterile mesenter-
ieswhich havefilamentsand imperfect fertilemesen-
terieswithout filaments. Cnidom: spirocysts, basitrichs,
p-mastigophores A and p-mastigophores B1.

Type genus. Tetracoelactis Sanamyan et San-
amyan, 2019.

Diagnosis of the family Exocoelactinidae Car-
Igren, 1925 isreverted to the diagnosis published by
Carlgren (1949) due to removing the genus Tetra-
coelactis from Exocoel actinidae. Tetracoel actinidae
fam.n. differs principally from Exocoelactinidae in
the following features.
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Fig. 38. Phylogenetic relationships based on 12S + 16S +18S + 28S + COI || concatenated dataset inferred
by Bayesian inference (Bl). Numbers above branches indicate bootstrap values for Maximum Likelihood
(ML); numbers below branches represent posterior probabilities from Bl. Only a sub-tree containing
relevant taxais shown. For full phylogenetic trees generated during the present study see Supplement Fig.
1 (ML tree) and Supplement Fig. 2 (Bl tree).

Puc. 38. Ounorenernyeckoe 1epeBo, OCHOBaHHOE Ha 00beIMHEHHOM Habope cukBeHcoB 12S + 16S +18S
+ 28S+ COlll npexncranennoe baiiecoBoii BepositHocThto (Bl). Hricna Hast BETBSIME MOKa3bIBAIOT OYTCTEI
3HA4YCHUA ]I ML ;[epeBa; qucliia moJ BETBAMU IMOKAa3bIBAIOT allOCTEPUOPHBIC BEPOATHOCTU IJIA Bl JAc€peBa.
IToxa3aHa TOJIEKO 4acTh JI€pEBa € pCJICBAHTHLIMU TAKCOHAMMU. Tlonubie JE€PEBbS CM. B IIPUJTIOKEHU N (pI/IC 1—
ML nepeBo u puc. 2 — Bl nepeso).
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In Tetracoelactinidae fam.n. the bilateral ar-
rangement of the mesenteries appears after the first
cycleand notinall primary exocoels (Tetracoelactis
has only four meristematic zones where bilaterally
arranged mesenteria pairs are formed) and thus a
bilateral symmetry of the whole specimenisformed.
In Exocoelactinidae the bilateral arrangement of the
mesenteries is formed only after the second cyclein
all secondary exocoels (12 meristematic zones), so
that the specimen retainsradial hexamerous symme-
try. Moreover, in Tetracoelactis the imperfect me-
senteries lack filaments but have gonads, while the
perfect mesenteries have filaments but lack gonads.
In contrast, in Exocoelactinidae the gonads and
filamentsare present on the same mesenteries. These
families have similar cnidom but Tetracoelactis has
no spirocystsin column which are present in column
of Exocoelactis actinostoloides (Wassilieff, 1908).

The features which distinguish Tetracoelactis
from the members of the family Exocoelactinidae
suggest a relation with Sicyonidae: the bilateral
symmetry of the polyp, the absence of the filaments
in imperfect fertile mesenteries, the presence of the
usual radia and the bilateral arrangement of the
mesenteries in different primary exocoels. The dis-
tribution of the cnidae (the absence of the spirocysts
on most part of the column) also is more similar to
Scyonis. These features suggest that Tetracoelactis
attains a special position in the order Actiniaria, it
cannot be assigned neither to Exocoel actinidae, nor
to Sicyonidaeand should be placed toitsown family.

Discussion

Thearrangement of the mesenteriesin Scy-
onis has been described in details only by Car-
Igren (1921, 1928a) and Doumenc (1975) who
gave the diagram of the distribution of the
mesenteries in the species they studied. More
recent authors failed to describe the arrange-
ment of the mesenteries or smply stated that it
is“irregular” (e.g. Eash-Loucks, Fautin, 2012).
In general, the arrangement of the mesenteries
in Scyonisspp. isbilaterally symmetricinrela-
tion to a directive plane. This symmetry is
expressed in thefact that two primary exocoels,
located on two sides of a directive pair condi-
tionally called “dorsal”, often contain one pair
of the mesenteries of the second cycle, while
two lateral and two “ventral” primary exocoels
have two pairs of the mesenteries of the second
cycle (in each exocoel, Fig. 39). Duplication of
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these and subsequent pairs indicates that they
appear hilaterally, as in exocoelactids. This
arrangement resembles recently described Tet-
racoelactis ioran (see Sanamyan, Sanamyan,
2019, Fig. 3), in which two “dorsal” primary
exocoel shavetheusual arrangement themesen-
teries, while in lateral and “ventral” primary
exocoels the arrangement is bilateral. In Scyo-
nis, however, the duplication of the mesenterial
pairs, characteristic for bilateral arrangement of
themesenteries, ismixed withtheusual modeof
the appearance of new mesenterial pairs be-
tween the pairs of preceding cycles. Moreover,
in described in the present paper species we
observed duplications of the mesenteria pairs
of the second cycle aso in “dorsal” primary
exocoels, such duplicationsoccur in S, denisovi
sp.n., S titanic sp.n. and in one specimen of S
ingolfi (Fig. 19B). The unequal pairs (one me-
sentery perfect, another not), characteristic for
the bilateral mode of the appearance of new
mesenteries, may occur in Scyonisinall prima-
ry exocoels, including the“ dorsal” ones. Differ-
ent species of Scyonis have different combina-
tions of these two modes of the devel opment of
mesenteriesand thefamily Sicyonidaemay rep-
resent a transition in the arrangement of the
mesenteries between Exocoel actinidae and, es-
pecialy, Tetracoelactinidae fam.n. and Acti-
nostolidae, which also often have duplications
inthesecond and third cyclesand have unequal -
ly developed mesenteries in younger cycles
according to Actinostola-rule.

Duplication of the mesenterial pairs allows
for afaster increasethe number of the mesenter-
iesand the size of theanemone. In Tetracoelac-
tis the “dorsal” primary exocoels, where the
mesenteries appear in a usua way, have three
cycles of the mesenteries, while the lateral and
“ventral” primary exocoels with bilateral ar-
rangement have up to five cycles of the mesen-
teries in the same specimen (Sanamyan, San-
amyan, 2019). The serial appearance of the
mesenterial pairsin onedirection from oneside
of the exocoel, as in Rugosa (in four primary
exocoels, two lateral and two ventral) and in
zoantharians (in two ventral exocoels), isnot so
effectivefor increasing thesizeof thepolyps. In
Scyonistwo most rapid modes of appearance of
new mesenteries, bilateral and multiplication,
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Fig. 39. Arrangement of the mesenteriesin Sicyonis. A — Sicyonis tuberculata (after Doumenc, 1975, Fig.
7); B— Scyonistuberculata (after Carlgren, 1921, Fig. 202A); C — Scyonis tuberculata (after Carlgren,
1921, Fig. 202B); D — Sicyonis ingolfi (after Carlgren, 1921, Fig. 203).

All figuresareturned with “dorsal” directivesup. Our markingsintheoriginal drawingsaregray (“dd” and “vd” — dorsal
and ventral directives; gray numbers (Arabic) indicate cycle number of mesenterial pairs; gray brackets show zones
where mesenterial pairs of the second cycle are duplicated; gray arrows point to the zones of duplication of the
mesenterial pairs of the third cycle).

Puc. 39. Cxembl opraHm3aiiy Me3eHTepHeB B Buaax poma Scyonis. A — Scyonis tuberculata (o
Doumenc, 1975, puc. 7); B — Scyonis tuberculata (mo Carlgren, 1921, puc. 202A); C — Scyonis
tuberculata (mo Carlgren, 1921, puc. 202B); D — Sicyonisingolfi (o Carlgren, 1921, puc. 203).

Bce pucyHkH MOBEpHYTHI " IOpCaIbHBIMKA™ HATPABISIONMMU T1apaMi Me3eHTepueB BBepX. Hamm o0o3HaueHus Ha
OPUIHHAJBHBIX PUCYHKAX BBINOJIHEHBI cepbiM 1BeToM (“dd” u “vd” — “nopcanbhbie” n “BeHTpasibHbIE” HAMPABIISIO-
mme; cepsivu mudpamu (apabckuMu) 0603HaYEHBI HOMEPA IIUKIIOB ME3CHTEPHATBHBIX Map; CEPble CKOOKHU MTOKA3bIBAIOT

30HbI yJIBOEHHSI ME3EHTEPUAIIbHBIX [1ap BTOPOTO LIUKJIA, CEPbIE CTPEJIKH YKa3bIBAIOT HA MECTA YABOCHUS ME3EHTEPHAIIb-
HBIX T1ap TPETHETO LHKIIA).

arecombined. Theability to grow fast isimpor- Marginal sphincter adjoining the endoderm
tant for them because the species of the genus and combined with the endodermal circular
Scyonisbecomefertileonly after full formation  muscles into endomesogloeal complex (which
of al strong sterile (with few exceptions) me- may be termed endomesogloeal sphincter) is
senteries. characteristicfor Exocoel actinidae, Tetracoel ac-
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tinidae fam.n., Sicyonidae, Anthosactinidae
fam.n. and Actinostolidae. It differs from the
sphincter of other Actiniariain which mesoglo-
eal sphincter isseparated from the endoderm by
a layer of mesogloea such as Hormathiidae,
Amphianthidae, Kadosactinidae, Actinoscyphi-
idae, Halcampidae, Metridiidae, Sagartiidaeetc.
Compl ete separation of marginal sphincter mus-
clefromendodermal circular columnar muscles
of column is, probably, evolutionary more ad-
vanced feature. The sphincter adjoining the
endoderm may indicate some relationship with
the families having endodermal sphincter. Ac-
tually, in some Actiniidae, e.g. in Cribrinopsis
and Urticina, themuscleprocessesinthesphinc-
ter often anastomose and form patches with
reticular structure (see Sanamyan, Sanamyan,
2006; Sanamyan et al., 2020) and in such spe-
cies as Isosicyonis alba (Studer, 1879) the
sphincter is meso-endodermal to “chiefly me-
sogloeal” (see Carlgren, 1949; Sanamyanet al.,
2015c). Some of them have noticeable bilateral
trend inthe arrangement of the mesenteries, e.g.
Cribrinopsisfernaldi Siebert et Spaulding, 1976
(see Sanamyan et al., 2019), in which some
mesenterial pairs are duplicated and there are
differencesin the arrangement of the mesenter-
iesin two “dorsal” primary exocoels and four
remaining primary exocoels. Radial symmetry
of coral polypsdevel oped probably inaresult of
attached live style of initially bilaterally sym-
metric ancestor (Malakhov, 2004; 2016). The
existenceadditional traitsof bilateral symmetry
inthearrangement of the mesenteriesand tenta-
clesin discussed groups of Actiniaria may be
considered as a plesiomorphy which is better
expressed only in Edwardsiidae, wherehilateral
symmetry appearsinthefirst cycleof mesenter-
ies and often in the presence of single sipho-
noglyph.

Another feature common for families hav-
ing endodermal and endomesogloeal sphincter
is the absence of p-mastigophores B2. These
cnidaeare present inthefamilieshaving mesog-
loeal sphincter separated from the endoderm.
Schmidt (1974) considered the presence of p-
mastigophores B (=p-rhabdoids B), which have
three-lobed apical flap, being more ancient fea-
ture, while the presence of thin-walled p-masti-
gophoresA (=p-rhabdoids A) without such flap
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more advanced and basing on these features
subdivided mesomyarian Actiniaria (with and
without acontia) on early Mesomyaria (without
p-rhabdoids A) and later Mesomyaria (with p-
rhabdoids A), while Endomyaria, according to
him, ismost evol utionary advanced group. How-
ever, nematocysts with three-lobed flap do not
occur in other orders of Anthozoa and are syn-
apomorphy for Actiniaria(see Rodriguez et al .,
2014; Xiao et al., 2019), while nematocysts
without three-lobedflaparepresentinall groups
of corals and are symplesiomorphy. Spirocysts
(also thin-walled and without flap) occur in all
Hexacorallia (see Bozhenova et al., 1988). In
basal (according to the molecular data, e.g.
Rodriguez et al., 2014) groups, such as Reli-
canthidae, Edwardsiidae, Halcuriidae, Actin-
ernidae, p-mastigophores B not present, they
haveonly p-mastigophoresA. In Stomphia (Ac-
tinostolidae), Hormosoma (Anthosactinidae
fam.n.) and in many Actiniidae and related
families p-mastigophoresB al so not occur, only
p-mastigophores A are present. Thefamiliesin
which marginal mesogloeal sphincter is sepa-
rated from the circular endodermal columnar
muscles (listed above) are characterized by the
presence p-mastigophores B and, in addition, in
some genera and families p-mastigophores A
may also occur. In classification of p-mastigo-
phores we should not mix an evolution of thin-
walled flap-less p-mastigophores A and p-mas-
tigophores B with thick-walled capsules and
three-lobed apical flap because they derived
from different ancestor forms of cnidae and are
only distantly related with each other: p-masti-
gophores A are closer to spirocysts than to p-
mastigophores B, while p-mastigophores B are
closer to basitrichs.

First nematocysts with three-lobed apical
flap were, probably, small holotrichs resem-
bling holotrichs in Dactylanthus antarcticus
(see Sanamyan et al., 2015¢). Small basitrichs
are possibly appeared in aresult of the elonga-
tion of the spinesin proximal part of the tubule.
They were similar to small basitrichsin Dacty-
lanthus antarcticus (it seems that this species,
aswell asPreactisEnglandin England, Robson,
1984, retains many archaic traits, e.g. thelongi-
tudinal ectodermal musclesof column, thepres-
ence of tentacle-like vesicles on column with
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nematocysts composition similar to that in the
tentacles, only unilobate filaments, double re-
tractors in the region of gonads, symmetrical
round-headed spermatozoa resembling those of
Corallimorphus and Peachia). Next differenti-
ation wasthe formation of the thickening of the
basal part of thetubule (the* shaft”) and appear-
ance of mastigophores B1. Several transitional
formsfrom basitrichsto mastigophoresare rep-
resented by nematocysts in filaments of some
Actiniidae (e.g. Anthopleura, Aulactinia, Bun-
odosoma, Epiactis, Cribrinopsis, Urticina).
Different authorsnamethemeither asbasitrichs,
or microbasic b-mastigophores, or p-mastigo-
phores (see discussion in Sanamyan et al.,
20153a). Thedifference between thethickness of
the basal, more strongly armed part of the tu-
bule, fromitsmoredistal part variessignificant-
lyindifferent speciesof thesegenera. For exam-
ple, in Aulactinia the difference between the
thickness of the shaft and termina tubule is
small (the shaft isthicker than the tubul e about
1.5 times in Aulactinia vancouverensis San-
amyan et al., 2013) or, sometimes, they are of
the same diameter (as in Aulactinia viadimiri
Sanamyan et al., 2015 or Aulactinia incubans
Dunn et al., 1980); in Urticina clandestina
Sanamyan et al., 2013 the shaft and theterminal
tubule are of the same diameter while in U.
grebelnyi Sanamyan et Sanamyan, 2006 the
shaftisat least two timesthicker thanthetubule,
and about the same difference is in Bunodoso-
ma biscayensis Fischer, 1874 (see den Hartog,
1987: 545, Fig. 10e). Moreover, V-shaped notch
inunfired capsule a so may bepoorly definedin
these cnidae or the tip of the shaft may appear
pointed in some perspectives (sometimes when
the capsuleisrotated itstip may change appear-
ance from pointed to spitted). In Sicyonis p-
mastigophores B1 al so sometimes have pointed
tipinunfired capsule. In S. kuznetsovi sp.n. this
nematocyst isrelatively narrow and has poorly
defined shaft, that again resembles transitional
form between basitrichs and p-mastigophores
B1. The whole series of nematocysts, holo-
trichs — basitrichs — p-mastigophores B1, have
affinity to basic stains (they are stained, for
example, by toluidine blue or safranin) proba-
bly because of their acid content. The same
feature have drop-shaped p-mastigophores B1,
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as, for exampl e, in Artemidactisvictrix Stephen-
son, 1918 (see Sanamyan et al., 2015¢) in Sa-
gartiidae. Further elongation and differentia-
tion of the shaft led to appearance of p-mastigo-
phores B2, which are not stained by basic stains
(it is possible that in some species p-mastigo-
phores B1 may be stained in different degree or
even sometimes not stained at all).
P-mastigophores B2 are most diverse in
Sagartiidae and related families. The shaft of
these nematocystsundergonefurther differenti-
ation into a“ Faltstiick”, abasal part with weak
armature, and adistal part with large spines. In
p-mastigophores B2 the Faltstlick may be a-
most not defined or be short — Carlgren (1949)
assigned them to microbasics while England
(1991) defined among them also mesobasics
with short Faltstiick. P-mastigophores B2 with
long Faltstlick were termed macrobasic (=p-
mastigophores B2b). Schmidt (1974) assigned
members of this group to late Mesomyaria, i.e.
to evolutionary more advanced forms, because
they havethin-walled p-mastigophoresA, butin
this group we see maximal diversity and com-
plexity of p-mastigophores B — a result of
evolution of thick-walled cnidae with three-
lobed apical flap. Thus, they indeed may be
most recently evolved group in evolution of
Actiniaria, while Actinostolidae (also assigned
by Schmidt, 1974 to late Mesomyaria), Sicyon-
idae, Tetracoel actinidaefam.n., Anthosactinidae
fam.n., Exocoel actinidae, together with Actini-
idae, are evolutionary earlier group in relation
to Sagartiidae, Hormathiidae and other families
of this group (listed above). This hypothesisis
also supported by the presence in the former
families such features as mesogloeal sphincter
confined to endodermal circular muscles, often
occurrenceof bilateral symmetry inthearrange-
ment of the mesenteries, occurrence of double
retractors which were described in the present
work in Tealidium konoplinorum sp.n. and ear-
lier in Preactiniidae (see Carlgren, 1911; En-
gland, Robson, 1984; Sanamyan et al., 2015c¢).
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Supplement Table 1. List of taxa and sequences used for phylogenetic analysis. Sequences

generated during the present study are in bold.

JononnurenbHas Tabanna 1. Crincok TaKCOHOB M CUKBEHCOB, UCIIOJIB30BAHHBIX JUIS
¢unoreneTndeckoro ananau3a. CHKBEHCHI MTOJyYSHHBIE B X0 HACTOSIIEH paOOThI TTOKa3aHbI

AKHUPHBIM HIPUPTOM.

128 16S 18S 283 COIII
Acricoactis brachyacontis KX451131 KX451133 KX451135 - KX451137
Actinauge richardi EU190719 EU190761 EU190850 KJ483055 FJ1489480
Actinernus elongatus KJ482930 KJ482966 KJ483023 KJ483126 -
Actinia fragacea EU190714 EU190756 EU190845 KJ483085 GU473334
Actinoscyphia plebeia EU190712 EU190754 FJ489437 KJ483067 F1489476
Actinostola chilensis - GU473285 GU473302 KJ483110 GU473357
Actinostola crassicornis - EU190753 EU190843 KJ483098 GU473332
Actinostola faeculenta MZ569933 | MZ567242 | MZ569908 | MZ569961 MZ576864
Actinostola faeculenta MZ569935 | MZ567244 | MZ569910 | MZ569963 | MZ576866
Actinostola faeculenta MZ569936 | MZ567245 | MZ569911 - MZ576867
Actinostola faeculenta MZ569943 | MZ567252 | MZ569916 | MZ7569967 | MZ576874
Actinostola georgiana KJ482928 KJ482952 KJ483032 KJ483099 KJ482991
Actinostola sp. MZ569931 MZ567240 | MZ569907 | MZ569959 | MZ576862
Actinostola sp. MZ569932 MZ567241 - MZ569960 | MZ576863
Actinostola sp. MZ569938 | MZ567247 | MZ569912 | MZ7569964 | MZ576869
Actinostola sp. MZ569939 MZ567248 | - - MZ576870
Actinostola sp. MZ569940 MZ567249 | MZ569913 - MZ576871
Actinostola sp. MZ569941 MZ567250 | MZ569914 | MZ569965 | MZ576872
Actinostola sp. MZ569942 | MZ567251 | MZ569915 | MZ569966 | MZ576873
Actinostola sp. (Kamchatka) - MZ567255 | MZ569917 | MZ569970 | MZ576877
Actinothoe sphyrodeta FJ489401 FJ489421 FJ489440 KJ483111 FJ489481
Adamsia palliata FJ489398 FJ489419 FJ489436 KJ483101 F1489474
Aiptasia mutabilis JF832963 FJ489418 FJ489438 KJ483115 FJ489505
Alicia mirabilis KP761213 - KP761310 KP761329 KP761410
Alicia sansibarensis KJ482933 KJ482953 KJ483016 KJ483116 KJ483000
Allantactis parasitica FJ489399 FJ489420 FJ489439 KJ483056 F1489478
Alvinactis chessi GU473278 GU473296 GU473312 KJ483052 GU473352
Amphianthus sp. FJ489413 FJ489432 FJ489450 FJ489467 FJ1489502
Andvakia boniensis EU190717 EU190759 EU190848 KJ483053 F1489479
Andvakia discipulorum GU473273 GU473287 GU473316 KJ483051 -
Anemonia viridis EU190718 EU190760 EU190849 KJ483095 GU473335
Anthopleura anneae KY789327 KY789360 - KY789392 KY789293
Anthopleura atodai KT851993 KT852055 KT852123 KT852247 KT852275
Anthopleura ballii KY789311 KY789346 - KY789376 KY789281
Anthopleura dowii KY789318 KY789353 - KY789383 KY789286
Anthopleura elegantissima EU190713 EU190755 EU190844 KT852248 GU473333
Anthopleura fuscoviridis KY789303 KY789336 - KY789369 KY789272
Anthopleura handi KT852013 KT852079 KT852146 KY789387 KT852298
Anthopleura insignis KY789331 KY789364 - KY789395 KY789297
Anthopleura krebsi KY789305 KY789339 - KY789372 KY789275
Anthopleura kurogane KY789321 KY789355 - KY789385 KY789288
Anthopleura rosea KT852039 KT852104 KT852168 - KT852324
Anthopleura thallia KY789333 KY789366 - KY789397 KY789300
Anthosactis janmayeni KJ482938 GU473292 GU473308 KJ483091 GU473363
Anthostella stephensoni JQ810719 JQ810721 JQ810723 KJ483132 JQ810726
Anthothoe chilensis FJ489397 FJ489416 FJ489434 FJ489453 FJ489470
Antipodactis awii GU473271 GU473286 GU473303 KJ483074 GU473337
Aulactinia incubans KT852014 KT852080 KT852147 KT852256 KT852299
Aulactinia stella KT310208 JQ927444 KT852173 KT852263 KT310207
Aulactinia stella KT852044 KT852110 MH376920 | MH380013 | KT852329
Aulactinia verrucosa EU190723 EU190766 EU190854 KT852250 FJ489484




Bartholomea annulata EU190721 EU190763 EU190851 KJ483068 FJ489483
Bolocera kerguelensis KJ482925 KJ482965 KJ483029 KJ483133 KJ482985
Boloceroides memurrichi GU473270 - EU190852 KJ483103 KJ483002
Bunodactis reynaudi KT852041 KT852106 KT852170 KT852260 KT852326
Bunodosoma cavernatum KY789313 KY789348 - KY789378 KY789282
Bunodosoma grande EU190722 EU190765 EU190853 KJ483083 GU473336
Bunodosoma granuliferum KY789314 KY789349 - KY789379 KY789283
Cactosoma sp. GU473279 GU473297 GU473313 GU473329 GU473346
Calliactis japonica FJ489403 FJ489423 FJ489441 KJ483057 FJ489486
Calliactis parasitica EU190711 EU190752 EU190842 KJ483102 FJ489475
Calliactis polypus FJ489407 FJ489427 FJ489445 KJ483058 FJ489485
Calliactis tricolor FJ489405 FJ489425 FJ489443 KJ483059 FJ489488
Capnea georgiana - KJ482951 KJ483022 KJ483050 KJ482990
Cereus herpetodes JF832956 JF832969 JF832983 JF832992 -

Cereus pedunculatus EU190724 EU190767 EU190855 EU190813 FJ489471
Charisea saxicola KT852020 KT852086 KT852152 - KT852306
Chondrophellia orangina FJ489406 FJ489426 FJ489444 KJ483060 FJ489489
Cribrinopsis albopunctata MH385362 MH385367 MH376912 MH380005 MK304506
Cribrinopsis fernaldi MH385364 | MH385369 | MH376918 | MH380011 MK304508
Cribrinopsis olegi MH385361 MH385366 | MH376911 MH380004 | MK304505
Cribrinopsis rubens MH385363 | MH385368 | MH376914 | MH380007 | MK304507
Cribrinopsis similis MH385365 | MH385370 | MH376919 | MH380012 | MK304509
Cyananthea hourdezi GU473275 GU473293 GU473309 KJ483081 GU473364
Diadumene cincta EU190725 EU190769 EU190856 KJ483106 FJ489490
Diadumene leucolena JF832957 JF832977 JF832986 KJ483123 JF833006
Diadumene lineata EU190730 EU190774 EU190860 KJ483107 FJ489506
Diadumene sp. JF832960 JF832976 JF832980 KJ483130 JF833005
Edwardsia elegans EU190726 EU190770 - KJ483087 GU473338
Edwardsia japonica GU473274 GU473288 GU473304 KJ483048 GU473359
Edwardsia timida GU473281 - GU473315 KJ483088 KJ482996
Edwardsianthus gilbertensis EU190728 EU190772 EU190859 EU190817 -

Epiactis fernaldi KT852005 KT852068 KT852136 KT852252 KT852288
Epiactis handi KT852009 KT852072 KT852140 KT852255 KT852292
Epiactis japonica KT851991 KT852053 KT852121 - KT852272
Epiactis lisbethae EU190727 EU190771 EU190858 EU190816 GU473360
Epiactis ritteri KT851994 KT852056 KT852124 - KT852276
Exaiptasia brasiliensis KP761188 KP761239 KP761312 - KP761386
Exaiptasia pallida EU190715 EU190757 EU190846 EU190803 KJ482979
Exocoelactis actinostoloides KP793003 KP793004 - - -
Galatheanthemum profundale KJ482919 KJ482954 KJ483011 KJ483119 KJ482978
Galatheanthemum sp. KJ482918 KJ482955 KJ483012 KJ483065 KJ482977
Gonactinia prolifera KJ482937 KJ482969 KJ483009 KJ483112 KJ482995
Gyractis sesere KT852012 KT852078 KT852145 - KT852297
Halcampoides purpureus KR051003 EU190780 AF254380 KJ483100 KR051003
Halcampoides sp. (Kamchatka) MZ569946 | MZ567256 | MZ569918 | MZ569971 MZ576878
Halcampulactis solimar MK279362 | MK279363 MK279364 - MK279366
Halcurias pilatus KJ482931 KJ482967 KJ483020 KJ483109 KJ482997
Haloclava producta EU190734 EU190779 AF254379 KJ483097 JF833008
Harenactis argentina KJ482926 KJ482964 KJ483026 KJ483047 KJ482984
Heteractis magnifica EU190732 EU190777 EU190862 KJ483093 KJ482988
Hormathia armata EU190731 EU190775 EU190861 KJ483062 FJ489491
Hormathia lacunifera FJ489409 FJ489428 FJ489446 KJ483063 FJ489492
Hormathia pectinata FJ489415 FJ489430 FJ489448 FJ489465 FJ489497
Hormosoma scotti EU190733 EU190778 EU190863 KJ483090 GU473366
Isactinernus quadrilobatus KJ482932 KJ482968 KJ483024 KJ483105 KJ482998
Isanthus capensis JF832967 GU473291 GU473307 KJ483096 GU473362
Isoparactis ferax KC700002 - KC700005 KC700006 KC700008
Isoparactis fionae KC700001 KC700003 KC700004 - KC700007
Jasonactis erythraios - GU473289 GU473305 KJ483079 GU473339
Kadosactis antarctica FJ489410 EU190782 EU190865 KJ483080 FJ489504




Korsaranthus sp. KJ482920 KJ482958 KJ483017 KJ483117 KJ482987
Laviactis lucida KP761192 KP761243 KP761296 - KP761402
Liponema brevicornis EU190738 EU190784 EU190866 KJ483139 KJ483001
Metridium senile KJ482916 KJ482950 KJ483035 KJ483113 KJ482975
Metridium senile lobatum JF832962 JF832971 JF832981 JF832991 JF833002
Nemanthus nitidus EU190741 EU190787 EU190868 KJ483064 FJ489495
Nematostella vectensis EU190750 AY169370 AF254382 KJ483089 FJ489501
Neoaiptasia morbilla EU190742 EU190788 - KJ483075 JF833010
Ophiodiscus bukini MIMB 41370 MZ569953 | MZ567263 | MZ569925 | MZ569978 | MZ576885
Ostiactis pearseae EU190751 EU190798 EU190878 KJ483082 GU473365
Oulactis muscosa KT852033 KT852097 KT852162 KY789391 KT852317
Paracalliactis sp. FJ489411 FJ489429 FJ489447 KJ483061 FJ489496
Paraisanthus fabiani JF832964 GU473283 GU473300 KJ483124 GU473355
Paraphelliactis sp. FJ489412 FJ489431 FJ489449 FJ489466 FJ489498
Peachia cylindrica EU190743 EU190789 KJ483015 EU190832 -
Peronanthus sp. KJ482917 KJ482956 KJ483014 KJ483066 KJ482976
Phellia exlex JF832958 JF832978 JF832984 KJ483121 JF833004
Phellia gausapata EU190744 EU190790 EU190870 KJ483054 FJ489473
Phymanthus crucifer KJ910343 KJ910345 MH670399 | MH670928 | KJ910346
Preactis millardae KJ482921 KJ482957 KJ483018 KJ483118 KJ482986
Protanthea simplex KJ482939 KJ482970 KJ483010 KJ483078 KJ482993
Sagartiogeton laceratus EU190748 EU190794 EU190874 KJ483071 FJ489500
Sagartiogeton undatus FJ489400 FJ489417 FJ489435 KJ483070 FJ489472
Sicyonis denisovi MIMB 41368 MZ569947 | MZ567257 | MZ569919 | MZ569972 | MZ576879
Sicyonis denisovi MIMB 41366 MZ569948 | MZ567258 | MZ569920 | MZ569973 | MZ576880
Sicyonis denisovi MIMB 41367 MZ569949 | MZ567259 | MZ569921 | MZ569974 | MZ576881
Sicyonis denisovi MIMB 41371 MZ569950 | MZ567260 | MZ569922 | MZ569975 | MZ576882
Sicyonis denisovi MIMB 41372 MZ569951 | MZ567261 | MZ569923 | MZ569976 | MZ576883
Sicyonis kuznetsovi MIMB 41369 MZ569952 | MZ567262 | MZ569924 | MZ569977 | MZ576884
Spongiactis japonica - KX946214 - - -
Stephanthus antarcticus KJ482927 KJ482960 KJ483019 KJ483092 KJ482983
Stichodactyla gigantea EU190747 EU190793 - EU190835 KY789299
Stomphia coccinea (Kamchatka) MZ569945 MZ567254 - MZ569969 | MZ576876
Stomphia didemon KJ482929 EU190795 EU190875 KJ483127 GU473348
Stomphia selaginella GU473280 GU473298 GU473314 GU473331 GU473349
Stomphia sp. MZ569934 | MZ567243 | MZ569909 | MZ569962 | MZ576865
Stomphia sp. MZ569937 MZ567246 - - MZ576868
Stomphia sp. MZ569944 | MZ567253 | - MZ569968 | MZ576875
Tealidium konoplinorum MIMB MZ569954 | MZ567264 | MZ569926 | MZ569979 | MZ576886
41365

Tealidium konoplinorum MIMB MZ569955 | MZ567265 | MZ569927 | MZ569980 | MZ576887
41364

Tealidium konoplinorum MIMB MZ569956 | MZ567267 | MZ569929 | MZ569982 | MZ576889
41358

Tealidium konoplinorum MIMB MZ569957 | MZ567265 | MZ569928 | MZ569981 | MZ576888
41359

Tealidium konoplinorum MIMB MZ569958 MZ567268 | MZ569930 | MZ569983 MZ576890
41360

Telmatactis sp. JF832968 JF832979 KJ483013 KJ483135 -

Urticina crassicornis KT851997 KT852059 KT852127 - KT852279
Urticina fecunda KT852004 KT852067 KT852135 - KT852287
Urticina grebelnyi KT852034 KT852098 KT852163 - KT852318
Viatrix globulifera KJ482940 KJ482949 KJ483025 KJ483122 KJ482992
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Supplement Fig. 2. Phylogenetic tree represented by
Bayesian Inference. Numbers represent posterior
probabilities (x100).
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