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Abstract. The present paper records two new species of deep-sea soft corals, Heteropolypus annae
sp. nov. and H. roseus sp. nov., from the area of the Kurile Islands, Sea of Okhotsk, Northwest Pacific.
Distinctive characters for each new species are provided and depicted with scanning electron microscopy
imaging. The present finding of previously undescribed species emphasizes the need for further surveys,
particularly in deeper waters in the area to improve knowledge of the deep-sea Octocorallia fauna in the
Far East seas. The distribution of species of Heteropolypus in the temperate Northwest Pacific and their
taxonomy characters are discussed based on the published literature and own data. A modified diagnosis
of the genus is proposed.
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Introduction

Octocorallia Haeckel, 1866 (gorgonians and soft corals) is one of the most essential components of
marine ecosystems, spreading from the littoral to great depths. Gorgonian corals (representatives of the
order Alcyonacea Lamouroux, 1812) being long-lived species reach large sizes and provide important
habitat for a variety of taxa in deep-sea ecosystems. Settlements of the deep-sea gorgonians, i.e., ‘coral
gardens’, on seamounts and guyots create feeding habitats, refuge and structural complexity leading to
the development of the diverse and rich marine communities including fish, echinoderms, crustaceans and
many other invertebrates (Auster ef al. 2005; Baco & Shank 2005; Roberts et al. 2006; Stone & Shotwell
2007; Buhl-Mortensen et al. 2016). Soft corals (alcyonaceans without consolidated axial supporting
structures) are also an important component of the benthic communities, making a significant contribution
to biodiversity in deep-sea ecosystems in the Northern Pacific. At least five genera and six species of soft
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corals were recorded near western coast of North America, Alaska and Hawaii including mushroom corals
Heteropolypus japonicus (Nutting, 1912) and H. ritteri (Nutting, 1909) (Cairns & Hourigan 2017). Two
species of the genus, Heteropolypus cf. japonicus (Nutting, 1912) and Heteropolypus sp., were recorded
in the Aleutian Islands region (Stone Cairns 2017). Remarkable corals with a mushroom-shaped colony
body belonging to the genera Anthomastus Verrill, 1878, Pseudoanthomastus Tixier-Durivault & d’Hondt,
1974 and Heteropolypus Tixier-Durivault, 1964 are distributed in the deep-sea regions of the ocean from
130 to 2567 m and may be considered as deep-water (d’Hondt & d’Hondt 2020).

Data on Alcyonacea corals of the Sea of Okhotsk, including the Kurile Islands, are scarce because only
a few researches of soft corals have focused on this area (Dautova 2018). Mushroom soft corals were
first documented for this area from the Shikotan Island (Kurile Islands, 1430 m depth) where a new
species Anthomastus rylovi Naumov, 1952 was found and described using the material from the 1948
expedition of the Russian Academy of Science (Naumov 1952). Later the species was moved to the genus
Heteropolypus based on its morphology (Molodtsova 2013: 506).

The present paper provides new data on the species composition of Heteropolypus Tixier-Durivault, 1964
and a second finding of the mushroom-like deep-water corals for the Far East seas. Both new species
Heteropolypus annae sp. nov. and Heteropolypus roseus sp. nov. are described and depicted here. These
new findings are based on the material collected by Institutions of the Russian Academy of Sciences
in a series of expeditions to the Kurile Islands area and expand the area of the genus distribution in the
Northern Pacific. The taxonomic importance of some characters is discussed.

Material and methods

The samples were collected during field expeditions of the Pacific Institute of Bioorganic Chemistry
(PIBOC FEB RAS) and the National Scientific Centre of Marine Biology (NSCMB FEB RAS, formerly
Institute of Marine Biology) of the Far Eastern Branch of the Russian Academy of Sciences (2005, 2019,
RV Akademik Oparin) by trawling and dredging. The specimens (fixed in 70%—-96% ethanol) are registered
in MIMB (Museum of the Institute of Marine Biology, National Scientific Center of Marine Biology
FEB RAS, Vladivostok, Russia, in the following text they are labeled as MIMB). The tissue samples of
different colony parts (tentacles, polyp body wall, surface, and interior of capitulum and stalk of colony)
were examined separately with an optical microscope (200 x) after the organic matter was dissolved
with sodium hypochlorite. For SEM, sclerites were washed from hypochlorite with distilled water, air-
dried, mounted on carbon double adhesive tape, and carbon coated. Detailed images of the sclerites were
obtained with SEM with a Zeiss Evo 40 (Far East Center of Electron Microscopy, Vladivostok, Russia)
and optimum magnification for each sclerite type. The sclerite types are distinguished and named in
accordance with Bayer et al. (1983).

Results

Phylum Cnidaria Verrill, 1865
Class Anthozoa Ehrenberg, 1834
Subclass Octocorallia Haeckel, 1866
Order Alcyonacea Lamouroux, 1812

Genus Heteropolypus Tixier-Durivault, 1964

Heteropolypus Tixier-Durivault, 1964: 49-57, figs 15-28. Type species: Heteropolypus insolitus Tixier-
Durivault, 1964, by monotypy.
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Diagnosis

Colonies are mushroom-shaped to obconic, distinctly separated into capitulum and sterile stalk. Polyps
are dimorphic or trimorphic and have sclerites. Autozooids are few in number, large, sterile and retractile,
arranged evenly over the capitulum or only at the margin. Anthocodial armature is often asymmetrically
developed with ridges of sclerites more developed at dorsal side of autozooid. Siphonozooids are fertile,
numerous, strongly armored, and densely set between autozooids. Mesozooids when present possess
feebly developed tentacles and are retractile and scattered among siphonozooids or arranged mostly along
the margin of the capitulum. Sclerites are rods, radiates, clubs, plates, spindles, and needles. Pharyngeal
sclerites are predominately platelets, but rods may be also present. Tentacular sclerites are rods, clubs,
spindles, plates, crosses, and capstans (6-, 7- and 8-radiate). Colour of alcohol-preserved specimens
ranges from white to red and purple red.

Remarks

The diagnosis follows that published by Molodtsova (2013) and d’Hondt & d’Hondt (2020). A new
morphological character regarding the arrangement of the mesozooids mostly along the margin of the
capitulum was added to the genus diagnosis as this character was observed in the Heteropolypus roseus
Sp. Nov.

Heteropolypus annae sp. nov.
urn:lsid:zoobank.org:act:788BD2D1-27C8-4164-8F54-778D3E288674
Figs 1-3, Table 1

Diagnosis

Mushroom-shaped Heteropolypus colonies with dome-shaped capitulum and distinct wrinkled stalk. The
anthocodiae of autozooids in alcohol-preserved material are up to 12 mm high and up to 10 mm wide,
completely retractile, evenly distributed on the surface of the capitulum. Anthocodia wall is cylindrical in
shape and with smooth surface with some transverse folds; anthocodial armature is evenly distributed in
it. Siphonozooids are small, slightly raised above the surface of the capitulum. Mesozooids are arranged
chaotically between the autozooids. Sclerites of autozooid tentacles are vesiculate plates, warty and
flanged spindles, clubs, rounded 6-radiate capstans and oval capstans. Anthocodia walls contain 6-radiate
or 7-radiate round capstans. Pharynx has plates with rounded edges and narrow tapered rods, all these
are tuberculate and with a narrow median waist. Surface of the capitulum and the stalk contains 6-radiate
capstans; colony interior contains long, slender needles with a smooth median part and spiny trihedral
ends. Specimens preserved in alcohol are white, sclerites colourless.

Etymology

The specific epithet is given in honor of Dr Anna Skriptsova, Head of the Laboratory of Autotrophic
Organisms (National Scientific Centre of Marine Biology FEB RAS, Vladivostok), enthusiastic researcher
of marine biodiversity, who saved the holotype specimen during the field expedition of the PIBOC and
NSCMB (RV dkademik Oparin, cruise No 56, 2019).

Type material

Holotype
SEA OF OKHOTSK — Kurile Islands ¢ colony 74 x 88.5 mm wide, 42 mm high; Simushir Is.; expedition
of PIBOC FEB RAS and NSCMB FEB RAS on RV Akademik Oparin, station 20; 46°56.9' N, 152°16.7" E;
depth 455-447 m; 2 Jul. 2019; Anna Skriptsova leg.; dredged; MIMB 42493,

130



DAUTOVA T.N., New species of deep-sea Heteropolypus

Paratype
SEA OF OKHOTSK — Kurile Islands ¢ colony 107.7 mm wide and 107.7 mm high; Simushir Is.;
expedition of PIBOC FEB RAS and NSCMB FEB RAS on RV Akademik Oparin, station 22; 47°15.4" N,
152°10" E; depth 205-222 m; 2 Jul. 2019; Daria Demidkoiva leg.; dredged; MIMB 42494,

Additional material
SEA OF OKHOTSK — Kurile Islands ¢ 2 specimens; same collection data as for paratype; MIMB 42496.

Description

Holotype

The specimen is about 42 mm tall (Fig. 1A-B). The capitulum is rounded, flattened from the top and
elliptical in the cross section, 73 X 83 mm across and 28 mm high. The capitulum is slightly concaved
in the central area (Fig. 1A). The stalk is 33 mm in diameter; its lower part was torn away during the
dredging. Anthocodiae of the autozooids are partially retractile into calyces which have slightly sinked
rims. In contraction, the upper part of the anthocodiae project from the bottom of crater-like pits in the
capitulum. Between the autozooids, numerous siphonozooids occur; these are seen as small verrucae,
slightly raised above the capitulum surface and densely crowded giving to the surface of capitulum
granulated appearance (Fig. 1A). About 60 siphonozooids occur in an area of 5 mm?.

Mesozooids (Fig. 1F, arrow 1) are distributed chaotically between the autozooids (Fig. 1F, arrow 2)
and fully retracted; only small pits 1-1.5 mm in diameter are visible at the capitulum surface (Fig. 1G,
arrows 1).

Autozooid tentacles contain vesiculated plates, warty and flanged spindles, clubs, rounded 6-radiate
capstans and elongated capstans. Vesiculated plates, up to 0.12 mm long, have a narrow median waist
(Fig. 2A); some pates are without the waist (Fig. 2B). Flanged spindles, up to 0.16 mm long, have one
narrow spiny end (Fig. 2C); warty spindles, up to 0.14 mm long, have blunt ends (Fig. 2D). Club-like
spindles, up to 0.12 mm long, not numerous, have one end densely covered by vesicles (Fig. 2E). Clubs,
up to 0.15 mm long, have warty or denticulate heads and thick or slender blunt-ended handles (Fig. 2F).
Capstans (6-rayed) are usually up to 0.08 mm long and have round outlines (Fig. 2G). Some well calcified
capstans, up to 0.08 mm long, are elongated and have oval outlines (Fig. 2F). These elongated capstans
bear densely crowded warts or dents on the ends.

Pharynx contains vesiculated sclerites with a narrow median constriction; some of these are plates with
rounded edges, up to 0.07 mm long (Fig. 3A), the others are like rods with conical ends, up to 0.10 mm
long (Fig. 3B). Anthocodial walls contain 6-radiate or 7-radiate rounded capstans, up to 0.08 mm across
(Fig. 3C).

Surface of capitulum and stalk contains 6-radiate and 7-radiate capstans, up to 0.08 mm long (Fig. 3D-E);
colony interior contains long, slender needles with a smooth median part and spiny trihedral ends. The
interior needles, up to 0.65 mm long (Fig. 3F), have a smooth cylindrical median part, but trihedral ends
(Fig. 3G). Each ridge at the needle end bears spines or dents.

Paratype and variation
The paratype colony (MIMB 42494) has a shape similar to that of the holotype; it is 1100 mm high and
1070 mm wide (Fig. 1E). Anthocodiae wall is smooth and cylindrical when visible; tentacles are folded
over the polyp. Anthocodiae are mostly retracted to the inside. Sclerites composition (Figs 4-5) coincides
with that in the holotype (Figs 2—3). Clubs in the autozooid tentacles of the paratype are slightly shorter
up to 0.13 mm (Fig. 4F) vs 0.15 mm in the holotype (Fig. 2F). Some capstans of the paratype surface
may be less calcified and smaller (Fig. 5C) in comparison with those of the holotype (Fig. 3C).
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Fig. 1. Heteropolypus annae sp. nov. A. Holotype (MIMB 42493), Kurile Islands, Sea of Okhotsk. View
from above. B. Holotype (MIMB 42493), Kurile Islands, Sea of Okhotsk. View from below. C. One
specimen, Kurile Islands, Sea of Okhotsk (MIMB 42496). D. One specimen, Kurile Islands, Sea of
Okhotsk (MIMB 42496). E. Paratype (MIMB 42494), Kurile Islands, Sea of Okhotsk. F. Holotype
(MIMB 42493); section of the capitulum; 1 = autozooid, 2 = mesozooid. G. Holotype (MIMB 42493);
surface of the capitulum; 1 = mesozooids. Scale bars: A—E = 10 mm; F—G = not to scale.
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Fig. 2. Heteropolypus annae sp. nov., holotype (MIMB 42493); sclerites from the autozooid tentacles.
A. Waisted plates. B. Plates. C. Flanged spindles. D. Warty spindles. E. Club-like spindle. F. Clubs.
G. Capstans. H. Slender capstans. Scale bar = 0.1 mm.
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Fig. 3. Heteropolypus annae sp. nov., holotype (MIMB 42493); sclerites from the autozooid pharynx,
anthocodiae, and colony body. A. Waisted plates. B. Waisted rods. C. Anthocodiae capstans. D. Capitulum
surface capstans. E. Stalk surface capstans. F. Needles. G. Ends of the same needle. Scale bars: A—F =
0.1 mm; G =0.02 mm.
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Fig. 4. Heteropolypus annae sp. nov., paratype (MIMB 42494); sclerites from the autozooid tentacles.
A. Waisted plates. B. Plates. C. Flanged spindles. D. Warty spindles. E. Club-like spindle. F. Clubs.
G. Capstans. H. Slender capstans. Scale bar = 0.1 mm.
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Fig. 5. Heteropolypus annae sp. nov., paratype (MIMB 42494); sclerites from the autozooid pharynx,
anthocodiae, and the colony body. A. Waisted plates. B. Waisted rods. C. Anthocodiae capstans.

D. Capitulum surface capstans. E. Stalk surface capstans. F. Needles. G. Ends of the same needle. Scale
bars: A—F = 0.1 mm; G = 0.02 mm.
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The smallest of the additional specimens (MIMB 42496) is about 15 mm across (Fig 1C). It has 6
autozooids. The siphonozooids are of the same size as in the holotype and paratype, but the mesozooids
are not visible.

The other additional specimen (MIMB 42496) is about 65 mm across the capitulum and 37 mm tall
(Fig. 1D). The mesozooids are scattered chaotically between the autozooids and crowded near the margin
of the capitulum.

Colour

Colonies preserved in alcohol are white, sclerites are colourless.

Remarks

The most remarkable characters of Heteropolypus annae sp. nov. are its white colouration (due to its
colourless sclerites) and the remarkably diverse sclerites, including clubs, in its autozooid tentacles. At
present the genus Heteropolypus includes six known species (Table 1). Among them, only two species,
Heteropolypus rylovi from Kurile Islands and Heteropolypus sol Molodtsova, 2013 from Atlantic, have
clubs in their tentacles. However, H. rylovi diftfers from H. annae sp. nov. in having needles up to 0.5 mm
long in its autozooid tentacles and anthocodia wall and the absence of the waisted plates in its pharynx.
Heteropolypus sol differs from H. annae sp. nov. by the occurrence of the girdled spindles and longer
flanged rods (0.31-0.38 mm long) in the autozooid tentacles. Heteropolypus annae sp. nov. can further be
distinguished from H. sol by the absence of the rods with median waist in the pharynx. Furthermore, H. so/
has different geographical distributional area. Heteropolypus annae sp. nov. can further be distinguished
from H. insolitus by the absence of the needles (up to 0.6 mm long) in the anthocodial walls and the clubs
in the stalk surface. Heteropolypus annae sp. nov. differs from H. japonicus by the presence of the clubs
in the autozooid tentacles and capstans in the colony surface (Table 1). Heteropolypus annae sp. nov.
differs from H. ritteri by the presence of the clubs and the absence of the smooth rods up to 0.24 mm long
in the autozooid tentacles (Table 1). Heteropolypus annae sp. nov. differs from H. steenstrupi (Wright &
Studer, 1889) by having shorter clubs and by the absence of the 4-rayed forms 0.24 x 0.06 mm (Table 1).

Distribution

This species is known for certain from the Kurile Islands, Sea of Okhotsk, Northwestern Pacific, between
205 and 455 m depth.

Heteropolypus roseus sp. nov.
urn:lsid:zoobank.org:act:3747DFBE-FDD1-467A-ABDC-1138E9BEDD75
Figs 6-8, Table 1

Diagnosis

Mushroom-shaped Heteropolypus colony with dome-shaped capitulum and distinct wrinkled stalk. The
anthocodiae of autozooids in alcohol-preserved material are up to 12 mm high and up to 6 mm wide,
completely retractile, evenly distributed on the surface of the capitulum. Anthocodia wall is cylindrical in
shape and with a smooth surface with some transverse folds; anthocodial armature evenly distributed in
it. Siphonozooids are small, slightly razed above the surface of the capitulum. Mesozooids are crowded
near the margin of the capitulum. Sclerites of autozooid tentacles are vesiculate plates with dentate edges
and a median constriction or a diagonal keel, elongated plates with asymmetrically developed ends, club-
like spindles and clubs, vesiculate spindles, and capstans. Anthocodia walls contain 6-radiate or 8-radiate
capstans. Pharynx has tuberculate plates with rounded edges and rods, all these with a narrow median
waist or constriction. Surface of the capitulum and the stalk contains 6-, 7- and 8-radiate capstans; colony
interior contains long, slender needles with a smooth median part and spiny trihedral ends. Alcohol-
preserved specimen is pale rose, sclerites red or rose.
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Etymology

The specific epithet refers to the colour of the holotype anthocodia which is similar to a wild rose.

Type material

Holotype
SEA OF OKHOTSK — Kurile Islands ¢ colony 42 x 45 mm; Kunashir Is.; expedition of PIBOC FEB
RAS and NSCMB FEB RAS on RV Akademik Oparin, station 51; 44°49' N, 146°23.1" E; depth 550 m;
24 Jul. 2005; A. Chernyshov leg.; dredged; MIMB 42495.

Description

Holotype

The specimen is about 45 mm tall (Fig. 6A). The capitulum is rounded, dome-shaped and elliptical in the
cross section, 20 x 27 mm across and 27 mm high. The stalk is 14 mm in diameter, chaotically wrinkled.
Anthocodiae of autozooids are partially retractile into calyces which have sinked rims; only the tentacles
are seen above the surface of the capitulum. In contraction, the upper part of the anthocodiae project from
the bottom of cylindrical pits in the capitulum. Between the autozooids, numerous tiny siphonozooids
occur; these are seen as small verrucae, very slightly raised above the capitulum surface and densely
crowded giving to the surface of capitulum granulated appearance (Fig. 6A—B). About 100 siphonozooids
occur in an area of 5 mm?.

Mesozooids are crowded along the margin of the capitulum and fully retracted; only small craters
1-1.5 mm in diameter are visible at the capitulum surface (Fig. 6B—C, arrows 1).

Autozooid tentacles contain vesiculate plates with dentate edges and a median constriction or a diagonal
keel, elongated plates with asymmetrically developed ends, club-like spindles and clubs, vesiculate
blunt spindles, and capstans. Densely vesiculated plates, up to 0.10 mm long, have dentate edges and a
narrow median waist (Fig. 7A); some plates are elongated, less denticulate, with a narrow median part,
up to 0.15 mm long (Fig. 7B). Some dentate plates, up to 0.15 mm long, have a narrow median part
and a diagonal keel (Fig. 7C). Some elongated plates, up to 0.15 mm long, are slightly bent and have
asymmetrically developed ends (Fig 7D). Club-like spindles are up to 0.15 mm long (Fig. 7E). Clubs have
plump heads and thick handles, and are up to 0.11 mm long (Fig. 5F). Warty spindles, up to 0.12 mm long,
have blunt ends (Fig. 7G). Some capstans (6-rayed), usually up to 0.06 mm long, have round outlines;
another ones, up to 0.1 mm long, are elongated, §-rayed or bear unordered warts (Fig. 7H).

Pharynx contains vesiculated biscuit-like plates with a narrow median constriction and rounded edges,
up to 0.07 mm long (Fig. 8A), and rods with blunt ends and a narrow median part, up to 0.09 mm long
(Fig. 8B). Anthocodial walls contain 6-radiate or 8-radiate capstans, up to 0.09 mm long (Fig. 8C).

Surface of capitulum and stalk contains 6-, 7- and 8-radiate capstans (Fig. 8D—E); colony interior contains
long, slender needles with a smooth median part and spiny trihedral ends. The interior needles, up to
0.6 mm long (Fig. 8F), have a smooth cylindrical median part, but trihedral ends. Each ridge at the needle
end bears spines or dents (Fig. 8G).

Colour

In alcohol-preserved material the capitulum of the colony is pale rose, the autozooids are bright rose, the
stalk is brown-rose and the sclerites are red or rose.
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Remarks

Heteropolypus roseus sp. nov. differs from all known species of the genus in the presence of the plates
with a diagonal keel which are found in its autozooid tentacles (Table 1). Moreover, H. roseus sp. nov.
also differs from H. insolitus, H. japonicus, H. ritteri, H. rylovi and H. steenstrupi in having the plates

Fig. 6. Heteropolypus roseus sp. nov., holotype (MIMB 42495), Kurile Islands, Sea of Okhotsk. A. Whole
specimen. B. Surface of the capitulum. C. Section of the capitulum; 1 = mesozooid. Scale bars: A =
10 mm; C =1 mm.
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Fig. 7. Heteropolypus roseus sp. nov., holotype (MIMB 42495); sclerites from the autozooid tentacles.
A. Waisted plates. B. Plates. C. Plates with diagonal keel. D. Asymmetrical plates. E. Club-like spindle.
F. Clubs. G. Warty spindles. H. Capstans. Scale bar = 0.1 mm.
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Fig. 8. Heteropolypus roseus sp. nov., holotype (MIMB 42495); sclerites from the autozooid pharynx,
anthocodiae, and the colony body. A. Waisted plates. B. Rods. C. Anthocodiae capstans. D. Capitulum
surface capstans. E. Stalk surface capstans. F. Needles. G. Ends of the same needle. Scale bars: A—F =
0.1 mm; G =0.02 mm.
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in the tentacles and pharynx. Heteropolypus ritteri also has sclerites with a diagonal ridge, but these are
rods (Table 1). Only H. sol contains short plates in the tentacles and platelets in the pharynx, but H. roseus
sp. nov. differs from it by having no flanged rods and girdled spindles in the tentacles (Table 1).

Distribution

This species is known for certain from the Kurile Islands, Sea of Okhotsk, Northwestern Pacific, from
550 m depth.

Discussion

The genus Heteropolypus Tixier-Durivault, 1964 was established to group the species of mushroom corals
which contains three types of polyps —not only autozooids and siphonozooids, but also mesozooids. The
presence of mesozooids was discussed as the main characteristic feature of this genus (Tixier-Durivault
1964: 56-57). However, Molodtsova (2013) pointed out that at the generic level this characteristic may be
doubtful as the mesozooids may not be visible in early developmental stages (less than 4 fully developed
autozooids) and in badly preserved colonies.

The material presented here supports the idea that the mesozooids appear when the colony attains a certain
stage of the life cycle as they are not visible in the smallest specimen of H. annae sp. nov. (Fig. 1C).

The genus diagnosis is emended because new data on gross morphology regarding the localization of the
mesozooids near the capitulum margin in H. roseus sp. nov. were obtained during the present research.

Species identification of the representatives of the genus Heteropolypus may be difficult due to the
insufficient specific descriptions in old literature. In particular, this concerns detailed information about
the location of various types of sclerites in different parts of the coral’s body provided in literature for
some species (H. japonicus, H. ritteri and H. steenstrupi, Table 1). All the specimens described and
depicted in present paper have similar morphology. The mushroom-like shape of the colonies is typical
for the genus. However, some characters on their sclerites, especially those of the tentacles and pharynx,
are quite cogent and allow to distinguish previously known species and identify species presented here
as new for science.

Six species of the Heteropolypus genus were known before. These were mainly recorded in the Pacific
from the deep-sea ecosystems at depths ranging from 266 to 4298 m (Table 1). Finds of this deep-sea
genus are very rare, which is undoubtedly associated with the difficulties in obtaining deep-sea samples.
Records of Heteropolypus annae sp. nov. and H. roseus sp. nov. in the range of depths between 205 and
550 m allow us to classify these species as deep-sea inhabitants but does not exclude the possibility of
further finds at even greater depths with the development of methods of searching and collecting.
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