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ABSTRACT: An investigation of numerous specimens of the sea anemone Halcampa
arctica Carlgren, 1893, which are stored in the collection of the Zoologica Institute of
the Russian Academy of Sciences, revealed wide intraspecific variability in the morpho-
anatomical features of this species. We synonymize here Halcampa vegae Carlgren, 1921
with H. arctica based on their high morphological similarity.
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lNMepeonucaHne apKTUYeCKOU 3apbiBaloLencs
akTmHum Halcampa arctica Carlgren, 1893 (Actiniaria:
Halcampidae) c ob6cyxaeHMemM TaKCOHOMUYECKOro
cratyca H. vegae Carlgren, 1921

H.I0. UBaHoBa*, C.[1. (peGenbHbIN

3oonoeuyeckuti uncmumym PAH, Ynusepcumemcrkas nao. 1, Cankm-Ilemepoype 199034 Poccus.
* Aemop 0na koppecnonoenyuu: edwardsiella@yandex.ru

PE3IOME: W3yuenune MHOrOYHMCICHHBIX sk3emiuisipoB Halcampa arctica Carlgren,
1893, koTophIe XpaHITCs B KOJJIEKIIUU 300JI0THYECKOT0 HHCTUTYTA, MOKA3aJI0 HTUPOKYIO
BHYTPUBHJIOBYIO H3MEHYHBOCTH MOP(O-aHATOMUYECKUX IMPU3HAKOB STOTO BUJA AKTHHUH.
OCHOBBIBAsICH Ha BEICOKOM MOP(OIOTTIECKOM CXOJICTBE, B HACTOSIIICH paboTe MBI CYUTaEM
Halcampa vegae Carlgren, 1921 cunonnmom Halcampa arctica.

Kak mutupoBats 31y cratsio: Ivanova N.Yu., Grebelnyi S.D. 2024. Redescription of the
Arctic burrowing sea anemone Halcampaarctica Carlgren, 1893 (Actiniaria: Hal campidag),
with discussion on the taxonomic status of H. vegae Carlgren, 1921 // Invert. Zool. Vol.21.
No.4. P.409-432, Suppl. Table. doi: 10.15298/invertzool.21.4.01

KJIFOYEBBIE CJIOBA: 3apsiBarommecst aktuanu, Halcampidae, Halcampa arctica,
Halcampa vegae, BHy TpuB110Bast H3AMEHYMBOCTh, TAKCOHOMHUYECKH 3HAUNMBIE TIPU3HAKH,
CUHOHHUMUA.
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Fig. 1. Distribution of Halcampa arctica Carlgren, 1893 based on the collection of the ZIN RAS (black dots)
and to the literature data (blue dots). Each dot represents one or more localities.

Puc. 1. Pacipoctpanenue Hal campaarcticaCarlgren, 1893 o nanueim kosuekimu 3STH PAH (uépHbie Kpyx-
KH) ¥ IUTEPATyPHBIM IaHHBIM (TOTyObIe KpY>KKH). Kax1p1ii Kpy>kok 0003HauaeT OJHY MU OOJIbIIe CTAaHIIUH.

I ntroduction

The genus Halcampa Gosse, 1858 contains
ten species (see Fautin, 2016), five of which,
HalcampamedusophilaGraeffe, 1884, H. vegae
Carlgren, 1921, H. octocirrata Carlgren, 1927,
H. capensis Carlgren, 1938 and H. abtaoensis
Carlgren, 1959, are known only from original
often insufficient descriptions, or based on few
poorly preserved specimens. Two oldest spe-
cies of the genus, H. chrysanthellum (Peach in
Johnston, 1847) and H. duodecimcirrata (Sars,
1851), require careful comparative analysis
despite the large number of their descriptions
(PeachinJohnston, 1847; Sars, 1851; Landsbor-
ough, 1852; Gosse, 1858, 1860; Wright, 1860;

Keferstein, 1862; Verrill, 1869, 1922; Andres,
1883; Haddon, 1885, 1886, 1889; Carlgren,
1893; Walton, Rees, 1913, etc.). In contrast, the
origina descriptions of H. decemtentaculata
Hand, 1955 and H. cryptaSiebert et Hand, 1974,
are quite detailed and based on many specimens
(Hand, 1955; Siebert, Hand, 1974). Moreover,
H. decemtentaculata, originally recorded in the
intertidal zone, has been found at greater depths
in subsequent studies (Fautin, 1998).
Halcampa arctica Carlgren, 1893 is the
most studied species. Despite new information
that has become available (Sanamyan et al.,
2016; Ivanova, Grebelnyi, 2021), the study of
theextensive material from the collection of the
Zoological Institute has shown that our knowl-
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edge on this Arctic burrowing sea anemone is
still incomplete. A comparison of the characters
of H. arctica and the little-known H. vegae sug-
gests that they are synonyms.

In the present work we describe variability
of Halcampa arcticabasing on numerous speci-
mens collected from different localities in the
Arcticregionanddiscussthetaxonomic position
of Halcampa vegae.

Material and methods

Thematerial (111 specimensintotal) wascollected
during numerous Russian and Soviet expeditions in
various locations within the Arctic region (see Table
S1 and Fig. 1) and stored in the collection of the
Zoological Institute RAS. The collected specimens
were fixed in 4% seawater formaldehyde and then
transferred to 70% ethanol for long-term storage.
All ethanol-preserved specimens were examined
whole, and then dissected. Seven specimens (ZIN
12474, 12927, 12488, 12476, 12465, 12466, 12480)
from the Greenland, Barents, White, Laptev, Chukchi
and Bering Seas were embedded in paraffin and cut
into histological serial sections 3—7 um thick, using
the isopropanol-mineral oil method (Sanamyan et
al., 2013). The cnidom was determined from small
pieces of tissue from tentacles, column, pharynx and
mesenterial filaments of 1-3 specimens from the
each sea. For general cnidae terminology, we use
a combination of classifications provided by Weill
(1934a, b) and Carlgren (1940).

Taxonomy

Order Actiniaria
Family Halcampidae Andres, 1883
Halcampa Gosse, 1858
Halcampa arctica Carlgren, 1893
Figs 1-18, Tables 1, S1.

Halcampa arctica Carlgren, 1893: 45, 1921: 120,
118, 1928: 274, 1932: 259, 1933: 11, 1934: 348, 1939: 5;
Gravier, 1922: 15, 94; Sanamyan et al., 2016: 9; Ivanova,
Grebelnyi, 2021: 171.

Halcampa vegae Carlgren, 1921: 123.

DESCRIPTION. The specimen ZIN 12474
collected in the type locality of Halcampa arctica
is elongated, 26 mm in height and 8 mm in largest
diameter. The remaining specimens measure 3—52 mm
in length and 1-30 mm in largest diameter.

The column is divided in scapulus, scapus and
physa (Figs 2A—C, 4E, H). In expanded specimens,
the scapulus is usually completely covered with
strong or weaker annular wrinkles (Figs 3A, 4E,
H). Sometimesthedistal part isdevoid of transverse

folds and smooth, whereas the proximal part, in
contrast, is covered with them — or vice versa (Fig.
3C). The longitudinal furrows were present in only
a few specimens (Fig. 4B). In some specimens, the
scapulus wall is very thin (Fig. 4C). If the scapulus
is fully retracted, it forms longitudinal mesogloeal
ridges, which have wrinkles on their surface (Figs 2B,
4A 5B) or may be completely smooth (Fig. 5A, red
arrow). If only the distalmost part of the scapulusis
retracted, then the remaining extended proximal part
bears transverse folds, with or without longitudinal
furrows (Fig. 4D).

The scapus of specimen ZIN 12474 and another 22
individualsiscompletely covered with sand particles
and sediment (Figs 2A, D (arrow), 3A); only small
areas of its surface may be naked. In the remaining
specimens, thescapusissheltered with sandtoal esser
extent, sometimes entirely devoid of it (Fig. 4B, E, H).
The scapus wall has tenaculi, which vary greatly in
size and shape even within the same specimen (Figs
2D, 6). The tenaculi often resemble rather high, wide
ornarrow papillae that rise above the mesogloeal layer
of'the body wall (Figs 2D, 6A, C, 7A, B), but they can
also be very low, flattened and saucer-shaped (Fig.
7C). Histological sections show that the ectoderm
of the tenaculi is often located on alow rectangular
or trapezoidal mesogloea €elevation that is slightly
higher than the mesogloeal layer of the scapus wall;
sometimes the mesogloeal elevation is completely
absent (Figs 6B, 7D). The edges of the mesogloeal
elevation often extend upward and to the side (Fig.
7E). Theupper surfaceof themesogloeal elevationcan
be flat or more often forms a depression, sometimes
pronounced. The surface of the elevation is covered
withamodified ectoderm composed of very small and
low cells, in contrast to the tall columnar cells of the
remaining ectodermal layer, and includes glandular
cells. This modified tenaculi ectoderm secretes a
cuticle (Fig. 7F, arrow) that promotes the attachment
and retention of sand particles. The cuticle itself is
easily lost along with sand grains when these are
removed, and is typically visible only on histological
sections (Fig. 7F). The distinct golden-brown cuticle
was clearly visible under low magnification in only
four specimens (Fig. 7G). Another variable tenaculi
character isthe varying degree of their development
on the scapus of H. arctica. In most specimens, the
tenaculi are very numerous and crowded (Figs 2D,
4B, 7G). In some specimens, however, they are few
and spaced, so that they absent in many places (Fig.
8A). A few specimens had “hidden” tenaculi, so
they appear as numerous small wrinkles or folds of
varying sizesand irregular shapes. Only the presence
of sand grains and sediment reveal these structures
on the scapus wall to be tenaculi (Fig. 8B). In some
specimens, the tenaculi are difficult to detect due to
loss of ectoderm during collection or fixation: here,
tenaculi were clearly visible on most of the scapus
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Fig. 2. Halcampa arctica Carlgren, 1893, specimen ZIN 12474 from the Greenland Sea. A— external view;
B — longitudinal section, distal part; C — physa, enlarged; D — scapus surface with tenaculi (arrows indicate
sand grains with sediment).

Abbreviations: ph — pharynx; r — longitudinal retractor muscle; sr — scapular ridges; t — tentacle; tn — tenaculi. Scale
bar: A—5mm; B,C— 1 mm; D— 0.1 mm.

Puc. 2. Halcampa arctica Carlgren, 1893, sxksemmisip ZIN 12474 w3 ['peHIanackoro Mopsi. A — BHEIIHHUI
Buj; B — mpononeHblif paspes, quctanbHast yacTh; C — ¢u3a, yBenudeHo; D — moBepXHOCTH ckarryca ¢
TEHAKYJSIMU (CTPEJIKH YKa3bIBAaIOT HA MECYNHKH U 0CAIOK).

O06o03HaueHus: ph — IIOTKA; I — MPOAOIBHEIN MYCKYJI-PETPAKTOp; SI — CKaIlyJsipHbIe IPeOHH; t — IIynajible; tn —
teHakyinu. Macmrad: A— 5 mm; B, C— 1 mm; D — 0,1 mm.

but lacking in areas with lost ectoderm (Fig. 8C). of ectoderm makes it impossible to determine the
Tenaculi were not detected in onejuvenile specimen  presenceof tenaculi (Fig. 8E). At thesametime, there
completely devoid of ectoderm (Fig. 8D). Although  aremany specimenscompletely or partially devoid of
histological sections show a wrinkled surface of the  ectoderm but with well-developed tenaculi (Fig. 4H).
mesogloeal layer of the scapus, the complete absence  Moreover, the modified ectoderm of tenaculi of such
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Fig. 3. Tentacles and scapulus structure of Halcampa arctica Carlgren, 1893. A — specimen with long ten-
tacles ZIN 12458b from the Barents Sea; B — details of tentacle structure of specimen ZIN 12458a from
the Barents Sea; C — retracted tips of tentacles of specimen ZIN 12927c¢ from the Barents Sea. Scale bar:

A—5mm; B,C— 1 mm.

Puc. 3. lynanbua u ctpykrypa ckamy:ntoca Halcampa arctica Carlgren, 1893. A — sk3eMIUIsIp ¢ ATHHHBIMI
mrynansiiamMu ZIN 124586 u3 bapenuesa mops; B — neranu crpykTypsl mynaien sxk3eMiusipa ZIN 12458a
n3 bapennesa Mops; C — BTAHyThIe KOHYMKH Inymanen sk3eMiuiipa ZIN 12927c n3 bapennesa mopsi.

Macmrad: A— 5 mm; B, C— 1 Mm.

specimensisnot awayslost along with the ectoderm
of the scapus (Fig. 7D).

Thephysaisdistinct andwell devel opedina most
al studied specimens (the proximal part of a few
specimens was torn off during collection (Fig. 3A)).
In many individualsit is completely retracted, fewer
specimens have aswollen physa, which hasacentral
depression varying in size (Figs 2A, 4H). The physa
wall is usually thick, but in some specimens it is thin
and the mesenterial insertions are visible through it.
The physa surface may be smooth or covered with
numerous fine wavy, annular and radial wrinkles (Figs
8D, F). The physa of specimen ZIN 12474 is covered

with 24 narrow, radially divergent grooves, between
which there are wrinkled ridges (Fig. 2C). A series of
longitudinal histological sections of some specimens
shows that the physa wall, characterized by a rather
thick mesogloea, lack any apertures (Fig. 8G, arrow
indicates scapus—physa border). However, the physa
of other specimens exhibits openings, but these are
more likely to be accidental, fixation- or histology
preparation-related ruptures than natural structures
(Fig. 8H, arrow indicates mesentery).

The oral disc is small, rounded, edged by 12 ten-
tacles. In specimen ZIN 12474 they are short, with
rounded or more often with slightly retracted tips,
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Fig. 4. Structure of scapulus and scapus of Halcampa arctica Carlgren, 1893. A — distal part of specimen
ZIN 12927b from the Barents Sea, longitudinal section; B — distal part of specimen ZIN 12459d from the
Barents Sea, lateral view; C — scapulus of specimen ZIN 12846 from the East Siberian Sea; D — scapular
ridges of specimen ZIN 12455a, top view; E, H —specimen ZIN 12847d from the East Siberian Sea, lateral
view from different side.

Abbreviations: ph— pharynx; s— siphonoglyph; sr— scapularridges; t—tentacle. Scale bar: A, C-H— 1 mm; B— 5 mm.
Puc. 4. Ctpykrypa ckamyitoca u ckaryca Halcampa arctica Carlgren, 1893. A — nucranpHast 4acTb 9K-
3emiuisipa ZIN 12927b u3 bapenuesa Mopsi, poaoibHbIN pa3pes; B — nucranbHas gacth sx3emmuiapa ZIN
12459d u3 bapenueBa mops, Bux c6oky; C — ckamyitoc sk3emmsipa ZIN 12846 u3 Boctouno-Cubupckoro
mopsi; D — ckamynsipabie rpeOHM dK3emiusapa ZIN 12455a, Bun ceepxy; E, H — sxzemmuisap ZIN 12847d u3
BocTouno-Cubupckoro Mopsi, B COOKY ¢ Pa3HBIX CTOPOH.

O6o3nauenus: ph — rnotka; s — cudoHorHd; ST — cKamyIsIpHble rpedHy; t — mynansne. Macmrad: A, C-H — 1 Mym;
B—5mm.
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Fig. 5. Details of the external and internal structure of Halcampa arctica Carlgren, 1893. A — distal part of
specimen ZIN 12481a from the Chukchi Sea, longitudinal section, red arrow points to scapular ridge, white
arrow points to sediment; B — distal part of specimen ZIN 12485 from the East Siberian Sea, longitudinal
section, arrow points to scapular ridge, white arrow points to sediment; C — oral disc and tentacles of speci-
men ZIN 12455b from the Barents Sea, top view; D — everted pharynx and tentacles of specimen ZIN 12478
from the White Sea, top view.

Abbreviations: ph — pharynx; r — longitudinal retractor-muscle; sl — scapulus; t — tentacle. Scale bar: A-D — 1 mm.
Puc. 5. Jleranu BHeIIHero u BHyTpeHHero crpoenus Halcampa arctica Carlgren, 1893. A — mucranbHas
yacTh 3k3eMIuripa ZIN 12481a u3 UykoTcKoro Mopsi, pOJOIbHBIN pa3pes; B — aucranbHas 9acThb 9K3eM-
mwisgpa ZIN 12485 u3 Bocrouno-Cubupckoro Mops, IpoaoibHblil paspes; C — poTOBOM AUCK U LIyHalbla
sk3emiursipa ZIN 12455b u3 Bapenniesa Mops, Buz cBepxy; D — BeIBepHyTas ITTIOTKA M ITyaJIbIa YK3EMILIIpa
ZIN 12478 u3 benoro Mops, BHI CBEPXY.

O0603HaueHws: ph— IMIOTKA; I — IPOIOIBHEII My CKYI-PeTpaKTop; sl — ckamymoc; t— mynansie. Macmra6: A-D— 1 mm.
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Fig. 6. Halcampa arctica Carlgren, 1893, specimen ZIN 12474 from the Greenland Sea. A—C — tenaculi,

histological sections. Scale bar: 0.1 mm.

Puc. 6. Halcampa arctica Carlgren, 1893, sx3emmsip ZIN 12474 u3 I'pensanckoro Mmopsi. A—C — TeHaKy.1y,

rucronorndeckue cpessl. Macmrad: 0,1 Mm.

thick, tightly pressed to each other; their surface is
covered with numerous very small annular wrinkles
(Fig. 9A). In the remaining specimens the tentacles
vary from thick and short to long and narrow (Figs 3,
5). The surface of extended and retracted tentacles is
covered with circular wrinkles, expressed to varying
degrees (Figs 3B, 4E, 5, 8D). Deep longitudinal fur-
rowscover thesurfaceof only extended tentacles(Fig.
3A, C). Only afew specimenshad|ongitudinal furrows
in the most proximal part of retracted tentacles (Fig.
4A). The tentacle tips could be blunt or pointed (Fig.
5), sometimes even in one and the same specimen.
In addition, the tips may be retracted, forming weak
or strong depressions, or become damaged during
fixation (Figs 3B, C, 4B).

The structure of the pharynx is rather stable.
Its surface is typically covered with clearly defined
longitudinal narrow ridges. Itswall also forms large
transverse folds, which can either be very numerous
and frequent or, on the contrary, rare (Figs 5A, B,
9A, 10, 11A). The ability to determine the presence
and the number of siphonoglyphs depends in part
on the development of the longitudinal ridges of the
pharynx. Thespecimenswith pronounced longitudinal
folding havetwo very distinct siphonoglyphsthat are
rather wide, with a smooth surface, often somewhat
lighter-colored than the remaining pharynx (Fig. 10).
Sometimes the edges of siphonoglyphs were marked
with high narrow ridges corresponding to mesentery
insertions. In specimens with weak longitudinal or
without striation of the pharynx, the siphonoglyphs
appear to be weak or even absent (Fig. 5D).

The circular endodermal muscles of the column
arewell developed (Fig. 9B). Thelongitudinal muscles
of thetentaclesand theradial musclesof theoral disc
are ectodermal (Fig. 11B). The general structure of
the marginal sphincter (mesogloeal, reticular, and
elongated) is characteristic of al studied specimens,
but the details of the structure vary. In specimen ZIN
12474, the sphincter is small, narrow and slightly
extends into the bases of the tentacles (Fig. 11C). In
the tentacle region, the sphincter consists of a small
number of individual small mesogloeal meshes,
dlightly closer to the ectoderm than to the endoderm
(Fig. 11D, arrow). Between the tentacles, the sphincter
consists of larger and denser mesogloeal meshes,
which are aso close to the ectoderm (Fig. 11E, ar-
row). In other specimens the sphincter is wider, can
extend above the base of the tentacle (Fig. 12A-C,
E), and may also have a different shape in the area
of the tentacles and between them (Fig. 12C-E).
Mesogloeal meshes may be barely visible (Fig. 12B)
or very distinct (Fig. 12D, E).

Mesenteries are arranged hexamerously in two
cycles (6+6), dividing into macrocnemes and microc-
nemes (Fig. 13A). In juveniles, however, the second
cycle may be incomplete; the mesenteries of that
cycle are better developed proximally (Fig. 8E) than
distally (Fig. 13B, arrow). Accordingly, mesentery
formationin H. arctica occursin the proximal part of
the column. We al so noted one case of anintermittent
courseof themicrocnemes(Fig. 13C, arrow). Another
abnormality involved the development of mesenteries
of the first cycle. Here, two adjacent mesenteries of
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Fig. 7. Tenaculi of Halcampa arctica Carlgren, 1893. A — surface of the scapus of specimen ZIN 12472
from the Barents Sea; B — surface of scapus of specimen ZIN 12846 from the East Siberian Sea; C — trans-
versal section of specimen ZIN 12927g from the Barents Sea; D — aboral part of column of specimen ZIN
12465 with tenaculi (arrows) from the Laptev Sea, longitudinal section; E — piece of scapus of specimen
ZIN 12927g from the Barents Sea, longitudinal section; F — tenacula with cuticle (arrow) of specimen ZIN
12476b from the White Sea, transversal section; G — clearly defined cuticle of specimen ZIN 12480b from
the Bering Sea. Scale bar: A, C-E — 0.1 mm; B — 0.5 mm; G — 0.1 mm; F — 0.05 mm.

Puc. 7. Tenakynu Halcampa arctica Carlgren, 1893. A — moBepxHOCTb cKaryca 3k3emiuisipa ZIN 12472
u3 bapeniieBa Mopsi; B — moBepxHocTh ckamyca sx3emiuisipa ZIN 12846 u3z Boctouno-Cubupckoro Mopsi;
C — monepeunsrii cpe3 sx3emsapa ZIN 129271 u3 bapennesa mopst; D — abopainbHast 9acTh KOJIIOMHA
sx3emuipa ZIN 12465 ¢ Tenakynsamu (cTpenku) u3 Mops JlanteBbIX, MponobHeIi cpe3; E — kycouek cka-
myca sx3emiuisipa ZIN 12927g u3 bapeniieBa Mopsi, TpoIoIibHbIH cpe3; F — TeHakyis ¢ KyTHKYII0# (CTpelika)
sk3eMiursipa ZIN 12476b u3 benoro mopsi, monepednstii cpe3; G — 4eTKo BeIpaykeHHas Ky THKYIIa SK3eMILIsIpa
3U1H 124806 u3 bepunrosa mopst. Macmtad: A, C-E — 0,1 mm; B — 0,5 mm; G — 0,1 mm; F — 0,05 mm.
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Fig. 8. Varying degrees of development of tenaculi, physa of Halcampa arctica Carlgren, 1893. A — speci-
men ZIN 12481a with rare tenaculi and sand grains, heavily overgrown by sediment, from the Chukchi Sea;
B — specimen ZIN 12302b with “hidden” tenaculi from the Barents Sea; C — piece of the scapus of speci-
men ZIN 12846¢ from the East Siberian Sea; D — juvenile specimen ZIN 12488 without tenaculi from the
Barents Sea; E — transversal section of same specimen, arrow indicates thickening of the mesoglea at the
outer edge of the retractor muscle; F — physa of specimen ZIN 12844 from the East Siberian Sea; G —
aboral part of specimen ZIN 12465 from the Laptev Sea, longitudinal section, arrows indicate the boundary
between the lower scapus and the physa; H — central part of physa of specimen ZIN 12488 without tenaculi
from the Barents Sea, longitudinal section.

Abbreviations: ec — ectoderm; m — mesentery; I, Il — cycles of mesenteries. Scale bar: A, B, D, E— 1 mm; C,G— 0.5
mm; F, H— 0.1 mm.

Puc. 8. PasnuuHas creneHb pa3BUTHs TeHaKysei, pusa Halcampa arctica Carlgren, 1893. A — sk3eMIusip
31H 12481a ¢ peAKHMHU TEHAKYISIMH U CHJIBHO OOpPOCIIMMH OCAIKOM MECYMHKAMH U3 YyKOTCKOrO MOPS;
B — sx3emmisap ZIN 12302b co “cnpstannbivMu” TeHakymsimu 13 bapennesa mopsi; C — ydacTok ckamyca
sx3emiunipa ZIN 12846¢ u3 Bocrouno-Cubupckoro mopst; D — 1oBeHIIBbHBIHN 3k3eMmursip ZIN 12488 6e3 Te-
HakyJei u3 bapenuesa mopst; E— nonepeunslii cpes TOro e K3eMILIsipa, CTPeiKa yKa3blBaeT Ha YTOIILEHHE
Me30IJIeH Ha Hapy)KHOM Kpae MycKyiaa-perpakropa; F — ¢u3za sxzemiuipa ZIN u3 Boctouno-Cubupckoro
Mopst; G — abopaibHast 9acTb sk3emMIuripa ZIN 12465 u3 mopst JlanTeBbIX, IPOROIBHBII Cpe3, CTPENIKH 1o-
Ka3bIBAIOT TPAHUILY MEKAY HIDKHAM CKarrycoM U ¢u3oii; H — nentpanpHas acts Gussl ax3emiuisipa ZIN
12488 6e3 Tenaxyseil u3 bapeniesa Mopsi, IPOAOIBHBIH Cpe3.

O0o3HayeHus: ec — 3KTofepMa; m — meseHtepuid; I, II — tmkner Mmesenrepues. Macmtad: A, B, D, E— 1 mm; C, G —
0,5 mm; F, H— 0,1 mm.

two neighboring pairs (one of them formed by direc-  closed space. At the same time, both the parietal and
tives) did not form awhole plate and grew together  retractor muscles of these fused perfect mesenteries
intwo places: in the region of the pharynx andinthe  developed normally (Fig. 13A).

region of the column wall (Fig. 13A, arrows). The Many specimens had very numerous stomata.
mesenteries of the second cycle were thus inside a  They can be approximately the same size and located
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Fig. 9. Halcampa arctica Carlgren, 1893, specimen ZIN 12474 from the Greenland Sea. A — longitudinal
section, distal part, enlarged; B — circular endodermal muscles of column wall, arrows point to sediment.
Abbreviations: ph — pharynx; r — longitudinal retractor muscle; s — siphonoglyph; sr — scapular ridges; t — tentacle.

Scale bar: A— 1 mm; B— 0.1 mm.

Puc. 9. Halcampa arctica Carlgren, 1893, sx3emruisip ZIN 12474 u3 I'pennanackoro Mopsi. A— MpOI0JIbHBIII
paspes, JUCTAIbHAs YaCTh, yBEINUEHO; B — KoJbIleBas SHTOEPMANbHAS MYCKYJIaTypa CTEHKH KOJIOMHA,

CTPCJIKHU YKa3bIBAKOT Ha OCA0K.

O6o3Hauenus: ph — IIIOTKA; I — MPOJIOIBHEII MyCKYJI-PETPAKTOP; S — CH(POHOIHN]; ST — CKaIynspHbIe TPEOHH; t —

mrynanbeue. Macmrad: A— 1 mv; B— 0,1 Mm.

inonerow inthe central part of the mesenteria plate
or slightly closer to thecolumnwall. Only inthemost
distal part of the mesentery did a group of apertures
disrupt the regularity of the row (Fig. 13D, arrow).
The stomata of other specimens, however, vary in

size and shape, often separated only by a very thin
partition (Fig. 13E, arrow). In contrast, the stomata
in some individuals are quite small and very sparse
(Fig. 13F, arrow). Themesenteriesof other specimens
lack any stomata (Fig. 5B).
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Fig. 10. Everted pharynx with two siphonoglyphs of
specimen ZIN 12459¢ from the Barents Sea. Scale
bar: 1 mm.

Puc. 10. BeiBepHyTast II0TKa ¢ JIBYMsI CH(OHOIIH-
¢damu sx3zemmsipa ZIN 12459e u3 bapennesa Mmopst).
MacmTab: 1 Mm.

The longitudinal retractor muscles can be of three
types. Some individuals have small (up to about 700
pwm), restricted retractors with 20-25 folds especially
branched in their outer part. The mesenteric plate
is attached to the outer edge of the retractor (Fig.
14A, B). Retractors of other type are characterized
by the development of a clearly defined mesogloeal
outgrowth on the outer edge (Fig. 14C—F). This me-
sogloeal outgrowth may be elongated and narrow, or
broad and short. Regardless of its shape, it produces

Fig. 11. Halcampa arctica Carlgren, 1893, specimen ZIN 12474 from the Greenland Sea. A — pharynx,
transversal section, B — ectodermal muscles of tentacle, transversal section; C — marginal sphincter,
longitudinal section; D — marginal sphincter, enlarged; E — marginal sphincter in area between tentacles.
Abbreviations: dd — directive mesenteries; ph — pharynx; s — siphonoglyph; sl — scapulus; t — tentacle; arrows indicate
sphincter. Scale bar: A-E — 0.1 mm.

Puc. 11. Halcampa arctica Carlgren, 1893, sxzemrmuisip ZIN 12474 u3 I'peHanackoro Mopsi. A — TIIOTKa,
MOTIEPEUHBIH cpe3; B — sHTOAEpMasibHAS MyCKYyIaTypa LIyTablia, Monepednslii cpes; C — MapruHaaIbHbIA
chUHKTED, MPOJOJILHEIN cpe3; D — MaprunansHbli chunkTep, yBenudeHo; E — maprunansenii chuHKTep
B 00JIaCTH MEXITy HIyTajell.

O6o3Hauenns: dd — HampaBisIole Me3eHTepHu; ph — MIOTKa; S — cHpoHOIU}; s| — ckamyiroc; t — Iymnansle;
CTpelikaMu 1okasaH chunkrep. Macmrad: A—E — 0,1 mm.
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Fig. 12. Marginal sphincter of Halcampa arctica
Carlgren, 1893. A— position of sphincter in scapulus
wall of specimen ZIN 12465 from the Laptev Sea, lon-
gitudinal section; B— details of sphincter structure of
same specimen, longitudinal section; C— longitudinal
section showing different shapes of sphincter at base
of tentacle (arrow) and in the area between tentacles
(arrow), specimen ZIN 12488 from the Barents Sea;
D—sphincterin the area between tentacles, enlarged;
E — sphincter at base of tentacle, enlarged.
Abbreviations: ec — ectoderm; en — entoderm. Scale bar:
A,B,D,E—0.1 mm; C— 1 mm.

Puc. 12. Maprunanensiii chunkrep Halcampa
arctica Carlgren, 1893. A — nonoxenue cuaKTEpa
B CTeHKe cKamymoca sk3eMiuisipa ZIN 12465 u3 mopst
JlanTeBbIX, IPOROIBHBIHA cpe3; B— neramu crpoenus
c(HUHKTEpA TOTO kK IK3EMILIAPA, TPOJOIBHBIN CPe3;
C—poI0TIbHBIH Cpe3, MOKA3bIBAKOIIHHN pa3Hyo hop-
My cpHHKTEpa B OCHOBAHHH IIyTajbla (CTpesIka) U B
o0macTu MeX Iy HIynajibliaMu (CTPENKa), SK3EMILISIP
ZIN 12488 u3 bapenuesa mopsi; D — chunkrep B 00-
JIaCTH MEXY IIymasel, yBeandeno; E — cunkrep
B OCHOBAHUH II[yNaJbla, yBEITHICHO.

O003Ha4eHNSs: €C— IKTOofIepMa; en— dHToepMa. Maciiral:
A,B,D,E—0,1 mm; C— 1 mm.

richly branched processes that are thicker than those
formed on the inside of the retractor. In some speci-
mens, the length of the part of the main mesentery
plate bearing the folds is much greater than the length
of this outer mesogloeal process; in such cases, the
retractors are rather restricted (Fig. 14C, D). The
retractors of many specimens become restricted to
circumscribed because their mesogloeal outgrowth
is approximately equal in size or larger than the main
mesentery plate bearing folds (Fig. 14E, F). Retrac-
tors of the third type are very large (usually >1000
um), very elongated and sometimes circumscribed
rather than restricted (Fig. 15A, B). In addition to the
outer, often very long mesogloeal outgrowth, these
retractors have mesogloeal thickenings of the main
mesentery plate, giving rise to a few strong, thick and
highly branched processes, forming lobes (Fig. 15A,
B). These processes may also be unstable, i.e. a single
processdoes not continuethrough the entirelength of
theretractor. A single specimen can haveretractorsof
different types, but we more often recorded the first
and second or second and third types (Fig. 15C). Short
muscular processes (narrow or wide) are very often
present on the mesentery between the pharynx and
the retractor muscle (Fig. 14D-F, arrow).

The parietal muscles of perfect mesenteries also
exhibit variability. Some specimens have small (up
to about 300 um), oval or triangular parietal muscles
(Fig. 15D—F). Their folds may be few in number,
short, thickened, slightly branched, closely spaced or
distant from each other. The main mesogloea plate
of the mesentery can sometimes be very thick (Fig.

15D, E). In contrast, the folds in other specimens are
numerous, thin, and highly branched (Fig. 15F). In
most specimens, however, the parietal muscles of
macrocnemes are elongated (100—1200 pm). Their
processes can be sparse or numerous, long or short,
branched or not. Each parietal muscle can consist of
processesthat are approximately the samein sizeand
shape or significantly different (compare Figs 8E and
15G). Sometimes the long processes are concentrated
in the area of insertion of the mesentery into wall of
column, but larger part of the mesenterial plate is
occupied by the short processes (Fig. 15H). In the
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Fig. 13. Development of mesenteries and their aberrations, stomata of Halcampa arctica Carlgren, 1893.
A — fusion of adjacent mesenteries (arrows) of first cycle from different pairs in specimen ZIN 12455b
from the Barents Sea, transversal section; B — underdeveloped mesenteries of second cycle (arrows) in
distal part of specimen ZIN 12488 from the Barents Sea, transversal section; C — intermittent course of the
microcnemes (arrows) in the partially inverted specimen ZIN 12483 from the Barents Sea; D — rounded
and approximately equal-sized stomata (arrows) arranged in an almost regular row along column wall in
specimen ZIN 12460a from the East Siberian Sea; E — stomata (arrows) of different size and shape located
in center of mesenterial plate in specimen ZIN 12847d from the East Siberian Sea; F — small and very few
stomata (arrows) in specimen ZIN 13338 from the East Siberian Sea.

Abbreviations: d — pairs of directive mesenteries; r — longitudinal retractor muscle; I, Il — cycles of mesenteries. Scale
bar: A, C-F — 1 mm; B — 0.1 mm.

Puc. 13. Passurre Me3eHTEepUEB U ux abeppanuu, croMbl Halcampa arctica Carlgren, 1893. A — cpacranue
HPHISKALINX ME3EHTEPHEB (CTPEJIKK) HepPBOro LKA U3 pa3HbIX nap y sk3emiuisipa ZIN 12455b u3 Bapen-
1IeBa MOps, MONEPEUHBIH pa3pe3; B — Hemopa3BHUThIE ME3EHTEPHH BTOPOTO IUKJIA (CTPEIKH) B AUCTAIBHOI
yacty 3k3eMiuripa ZIN 12488 u3 bapenuesa mopsi, monepeunsiii cpes; C — IpepBaHHBINA X0 MUKPOKHEM
(cTpenky) y 4acTUYHO BbIBEpHYTOro 3Kk3emiuisipa ZIN 12483 u3 bapenuesa mopsi; D — oxpymvible u npu-
MEpHO PaBHEIE 10 pa3Mepy CTOMBI (CTPEJIKH), JISXKAIIHe B TOUTH IPABUILHOM DSy BIOJIb CTEHKH KOJIIOMHA
y axzemmuripa ZIN 12460a u3 Boctouno-Cubupckoro mopsi; E — cTombl (cTpenku) pasHOro pasmepa u
(opMBI, pacHoNIOKEHHBIE 110 LIEHTPY ME3eHTepHaIbHOI M1acTuHbI y dKk3emiuisipa ZIN 12847d u3z BocrouHo-
Cubupckoro mMopsi; F — menkue u oueHb MaJodHCIIeHHBIE CTOMBI (CTpernky) y sk3eMiusipa ZIN 13338 u3
BocTouno-Cubupckoro Mops.

O0603HaueHns: d— napbl HATPABJISIOIINX ME3EHTEPUEB; I — ITPOOJIBHBINA MyCKYII-peTpakTop; I, [I— [UKIIbI ME3eHTEpHEB.
Macmra6: A, C-F — 1 mm; B — 0,1 mm.
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Fig. 14. Longitudinal retractor muscles of Halcampa arctica Carlgren, 1893. A — elongated restricted re-
tractor muscles of specimen ZIN 12488 from the Barents Sea; B — elongated restricted retractor muscles of
specimen ZIN 12307 from the Chukchi Sea; C — elongated restricted retractor muscle with a relatively short
mesogloeal outer process in specimen ZIN 12472 from the Barents Sea; D — elongated restricted retractor
muscle with a relatively short mesogloeal outer process of specimen ZIN 12465 from the Laptev Sea; E,
F — restricted to circumscribed retractor muscle of specimen ZIN 12476 from the White Sea.
Abbreviations: arrows point to the short muscular processes between the retractor muscle and the pharynx. Scale bar:
A-E—0.1 mm.

Puc. 14. TIponosbHbie MycKysibI-perpaktopsl Halcampa arctica Carlgren, 1893. A — yuiuHeHHbIe OrpaHu-
YEeHHBIE MY CKYIbI-peTpakTopbl 3k3eMIutsapa ZIN 12488 u3 bapeniiesa Mmopsi; B— yanuHeHHbIe orpaHUYeHHBIE
MYCKYJbI-peTpakTopsl dk3emiuisipa ZIN 12307 uz Uykorckoro mopst; C — yIJIMHEHHBIH OrpaHUYEeHHBIH
MYCKYI-PETPaKTOp ¢ OTHOCHTEIBHO KOPOTKHUM Hapy>KHBIM ME30INICaIbHBIM OTPOCTKOM 3Kk3emiuripa ZIN
12472 u3 bapennesa Mmopst; D — yuTHHEHHBIH OrpaHUYeHHBIA MYCKYI-PETPAKTOP C OTHOCUTEIHHO KOPOTKUM
Hapy»XHbIM ME30IVI€aIbHBIM OTPOCTKOM K3eMIuisipa ZIN 12465 u3 mopst Jlanressix; E, F — orpanundenno-
LHUPKYMCKPHIITHYECKUI MYCKYII-peTpakTop 3k3eMiuripa ZIN 12476 u3 Benoro mopsi.

OO003HaYeHNs: CTPEIKH YKa3bIBAIOT HAa KOPOTKHE MBIMICYHBIE OTPOCTKU MEXIY MYCKYIOM-PETPAKTOPOM M IJIOTKOM.
Macmra6: A-E — 0,1 mm.
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distal part of young specimens, the parietal muscles
are very weakly developed or absent (compare Figs
8E and 13B). Intheregion of the scapul us, the parietal
muscles may have a very thick mesogloea and very
short folds resembling teeth (Fig. 15A). The parietal
muscles of the microcnemes resemble only the
elongated ones of the perfect mesenteries (Fig. 15I).
We did not find oval or triangular forms, even if the
parietal muscles of the perfect mesenterieshave such
shapes. Size varies from 50 um in small specimens
to 1200 pm in large adults. In some specimens, they
may be slightly larger than the parietal muscles of the
perfect mesenteries. Parietal muscle is considerably
expanded in the column wall where they form short
unbranched folds (Fig. 15H, I).

N.Yu. Ivanova, S.D. Grebelnyi

The speciesis dioecious.

Cnidom. The cnidom includes spirocysts, basit-
richs, p-mastigophores. The sizes of nematocysts of
different specimens vary slightly (see Table 1 and Fig.
16). In addition, the spirocysts in the ectoderm of the
tentacles and scapulus in al studied specimens are
always very numerous. The basitrichs of the tentacles
are either common or numerous, and the basitrichs
of the scapulus are either numerous or very numer-
ous. P-mastigophores of the pharynx and filaments
are usually numerous, basitrichs are either common
Oor numerous.

HABITAT. Underwater observations of Halcampa
arctica in the coastal waters of the Franz Josef Land
archipelago by A.F. Pushkin (Heiss Island, 1982),
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Fig. 15. Longitudinal retractor muscles and parietal muscles of Halcampa arctica Carlgren, 1893. A — very
large retractor muscles of specimen ZIN 12458b from the Barents Sea; B — very large retractor muscle of
specimen ZIN 12927g from the Barents Sea; C — retractor muscles of different structure in specimen ZIN
12459¢ from the Barents Sea; D — rounded parietal muscle of macrocnemes with few thickened branched
processes in specimen ZIN 12465 from the Laptev Sea; E — rounded parietal muscle of macrocnemes with
numerous thin and weakly branched processes and thick mesogloea of mesenterial plate in specimen ZIN
12476b from the White Sea; F — rounded parietal muscle of macrocnemes with numerous thin and highly
branched processes of specimen ZIN 12485 from the East Siberian Sea; G — elongated parietal muscle of
macrocnemes with numerous thick branched and unbranched processes and thick mesogloea of the mes-
enterial plate in specimen ZIN 12927g from the Barents Sea; H — parietal muscle of macrocnemes of the
mixed type in specimen ZIN 12489 from the Chukchi Sea; I — elongated parietal muscles of microcnemes
of specimen ZIN 12476 from the White Sea.

Abbreviations: d — pairs of directive mesenteries. Scale bar: A— 1 mm; B— 0.5 mm; C-I — 0.1 mm.

Puc. 15. TIpomonbHBIe MYCKYJIBI-PETPAKTOPHI U MapHeTaabHble MycKyasl Halcampa arctica Carlgren, 1893.
A — oueHb KpyMHbIE MYCKyJbI-peTpakropbl dk3emiunipa ZIN 12458b u3 Bapenuesa mops; B — ouenn
KpYIHbII MycKya-perpakrop 3x3eMiuripa ZIN 12927g u3 bapenuesa mopsi; C — MyCKYJIbI-peTpaKTOpEI
pasHoii cTpykTypbl axk3eMiuripa ZIN 12459¢ u3 bapennesa Mopsi; D — OKpyIibiid mapueTasbHBIA MYyCKYIT
MaKpOKHEM C MaJIOUYUCIICHHBIMU YTOJIIEHHBIMU U Pa3BETBICHHBIMU OTPOCTKaMU dK3eMIuLipa ZIN 12465
n3 mops JlanteBbix; E — OKpymiblii napueTaibHbIi MyCKyJl MAKPOKHEM C MHOTOYMCICHHBIMUA TOHKUMH U
¢1a00 pa3BETBICHHBIMU OTPOCTKAMH H TOJICTON ME30INIeei Me3eHTEepHaIbHON TUIACTHHBI dK3eMInIsipa ZIN
12476b u3 benoro mops; F — oxpyiblif napueTaabHbIi MyCKyJI MAKPOKHEM C MHOTOUMCIICHHBIMU TOHKUMHU
1 CHJIBHO Pa3BETBICHHBIMU OTpocTKamu dk3eMiuisipa ZIN 12485 n3 Bocrouno-Cubupckoro mopst; G — ya-
JTMHCHHBIH MTapHeTaIbHBINH MyCKYJl MAKPOKHEM ¢ MHOTOUHCICHHBIMU TOJICTBIMU Pa3BETBICHHBIMA HIIH HET
OTPOCTKAaMHU M TOJICTOW Me30IVIeeii Me3eHTepHalbHOW IIacTUHBI 3Kk3eMIusipa ZIN 12927g u3 bapenuesa
Mopsi; H — mapueranbHblil MycKyal MakKpOKHEM CMeIIaHHOro Tuma sk3emiuipa ZIN 12489 n3 Yykorckoro
Mopsi; | — ynnmHeHHbIe TapueTanbHbIe MyCKYIbl MUKPOKHEM dK3emInisipa ZIN 12476 u3 bemoro mops.
O0603HaueHws: d — mapbl HapaBILIOMKUX Me3eHTeprueB. Macmrad: A — 1 mm; B — 0,5 mm; C-1— 0,1 mMm.

Table 1. Size ranges (length X width, in microns) and distribution of cnidae of the specimen ZIN 12474
from the Greenland Sea, the last column includes the sizes of cnidae of other specimens. Letters in brack-
ets correspond to letters in Fig. 16.

Ta6muna 1. Pa3meps! (iMHa X OIMpUHA, B MUKPOHAX) U paclpe/elieHHe CTPEKaTeNIbHbIX Karcyl
sk3emiuripa 3UH 12474 u3 I'pennannckoro Mopsi, HOCIEIHHH CTOI0CI BKIIIOYaeT pa3sMephl CTPeKaTelb-
HBIX Karcysl APYTHX 9K3EMIUIIPOB. ByKBBI B CKOOKax COOTBETCTBYIOT OykBam Ha puc. 16.

Body regions Cnidae Sizeranges Sizeranges
Tentacles (A) spirocysts (very numerous) 20-40 x 24 20-40 x 3-4
(B) basitrichs (common) 14-16 x 2 14-17 x 2
Scapulus (C) spirocysts (very numerous) 16-25 x2-3 16-28 x 3—4
(D) basitrichs (numerous) 12-15%x 2 12-16 x 2
Scapus and physa (E) basitrichs (common) 12-13 x2-3 13-15x2-3
Pharynx (F) p-mastigophores (numerous) 27-38 X 4-6 27-42 x 4-6
(G) basitrichs (common) 15-16 x 3 13-16 x 2-3
Filaments (H) basitrichs (rare) 17x2 17-20 x 2-3
(I) p-mastigophores (numerous) 25-34 x 5-7 25-36 x 5-7
(J) p-mastigophores (numerous) 11-15x4-6 11-17 x 4-6
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Fig. 16. Halcampa arctica Carlgren, 1893, specimen ZIN 12474 from the Greenland Sea. Distribution of

cnidae (see Table 1 for size ranges).

Puc. 16. Halcampa arctica Carlgren, 1893, sx3zemmisap ZIN 12474 u3 I'pernanzickoro Mmops. Pacnipenesesue

KHUA (pa3Mepsl yKka3aHsl B Ta0. 1).

S.D. Grebelnyi and O.V. Savinkin (Bliss Island,
Luigi Island, Bell Island, and Wilton Island, 2013)
showed that this species lives in large aggregations
(see also Sanamyan et al., 2016) often consisting
of individuals of different ages. Specimens may be
scattered or burrow into the sand in small groups
(Fig. 17A, B). Interestingly, small, probably juvenile,
individuals are positioned very close to alarge adult
specimen, sometimes almost in the same burrow
(Fig. 17B-D, arrow). This may suggest a maternal
individual with offspring, but the presence of brood-
ing in H. arctica was not confirmed in the collected
samples. The reproduction of Halcampa arctica is
potentially similar to that of H. duodecimcirrata,
which, according to Nyholm (1949), lacks the ability
to disperse via pelagic larvae, and its offspring do not
leave their birthplace. Underwater photos also reveal
that the polyps of the studied species freely coexist
with various invertebrates, namely with polychaetes
(Fig. 17A), bivalves, gastropods (Fig. 17D), other
species of Actiniaria (Fig. 18A), brittle stars (Fig.
18A), ceriantharians (Fig. 18B), etc., and aso with
fishes (Fig. 18A). Nevertheless, some of these animals
serve as prey for H. arctica. Accordingly, the gastral
cavity of one of the specimens contained chaetae of
an annelid worm (Fig. 18C) belonging to the genus
Harmothoe Kinberg, 1856.

DISTRIBUTION. Baffin Island (Carlgren, 1933;
Ellis, Wilce, 1961), Greenland (Carlgren, 1921, 1928;
1933; our data), Iceland (Carlgren, 1921, 1933),
Norwegian Sea (Carlgren, 1933; our data), Green-
land Sea (Carlgren, 1921, 1933; our data), Barents
Sea (Carlgren, 1893, 1921, 1933; Gravier, 1922; our

data), Franz Josef Land (Carlgren, 1934; Sanamyan
etal., 2016; our data), White Sea (our data), Kara Sea
(Carlgren, 1921; our data), Laptev Sea (our data), East
Siberian Sea (our data), Chukchi Sea (our data), Ber-
ing Strait (our data), Bering Sea (Carlgren, 1921; our
data), Beaufort Sea (our data). Depth 2-802 m; tem-
perature from —1.9° to +7°C, salinity 30.90-33.90%o
(Table S1, Fig. 1).

REMARKS. Our specimens agree well with the
original description (Carlgren, 1893) both in external
and internal features. Nevertheless, detailed study of
numerousHal campaarcticaspecimensunderlinesthe
wide variability of the morpho-anatomical characters.
This variability does not seem to have geographical
origins. Our specimensfromall Arctic seasof Russia,
as well as the Norwegian, Greenland and Beaufort
Seas, did notreveal any relationship between character
variability and habitat. Individuals even from the same
station have different conditions of the same feature.

The variability of morpho-anatomical character-
istics is mainly associated with serious deformation
of the body during the fixation. This deformation
occurs due to the extensible mesogloea and high con-
tractility of muscle fibers (see Batham, Pantin, 1951).
So, photographs of living specimens in the natural
environment show that the tentacles of Halcampa
arcticaare quite long and thick, conical, with rounded
tips and a smooth surface (Figs 17, 18A, B). In fixed
specimens, their shape and surface structure changes
significantly because strong contraction of the muscle
layer leads to the formation of a folded structure of
bothitselfand the wall as a whole (see Batham, Pantin,
1951). The holes at the tips of the tentacles noted by
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Fig. 17. Halcampa arctica Carlgren, 1893 in coastal waters of Aldger Island, Franz Josef Land (photographs:
0.V Savinkin). A — a large group of individuals of different colors; annelids among them; B-D — adults
with juveniles. Abbreviations: red stars show some specimens with clearly visible scapulus structure, white
arrows indicate very closely spaced juveniles and adults.

Puc. 17. Halcampa arctica Carlgren, 1893 B npubpesxHbix Bogax octpoBa Aspkep, 3emist @panna-Mocuda
(pororpapmm O.B. CaBuHkmHa). A — OGorbIias rpymma ocodeil pasHOH OKpacKH; Cpeld HUX MHOTIOIIe-
THHKOBBIiI 4epBb; B—D — B3pociibie 0co0u ¢ Monozbr0. O003HAYCHHUS: KPacHbIE 3BE3/I04KH YKa3bIBAIOT Ha
HEKOTOPBIE SK3EMIULIPBI C XOPOLIO 3aMETHON CTPYKTYPOIi CKaIly/110ca, Oellble CTPENKH YKa3bIBalOT Ha OYEHb
OJIM3KO PACIIOI0KCHHBIC FOBCHUIIBHBIC M B3POCIIBIC OCOOH.
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Fig. 18. Coexistence of Halcampa arctica Carlgren, 1893 with other benthic inhabitants. A — Halcampa
arctica with other sea anemones, fish, and brittle stars (Aldger Island, Franz Josef Land, photograph: O.V
Savinkin); B — Halcampa arctica with ceriantharians (Aldger Island, Franz Josef Land, photograph: O.V
Savinkin); C — chaetae of annelid worm belonging to the genus Harmothoe Kinberg, 1856, from the gastric
cavity of specimen ZIN 12927, Bell Island, Franz Josef Land. Scale bar: 1 mm.

Puc. 18. CocymecroBanne Halcampa arctica Carlgren, 1893 ¢ apyrumu oburarensimu GeHroca. A —
Halcampa arctica ¢ npyruMu akTHHUSIMH, pbIOoii 1 odurypamu (octpoB Ammkep, 3emist Opanna-Hocuda,
dororpapus O.B. CaBunkuna); B — Halcampa arctica ¢ uepuantycom (octpoB Ammkep, 3emis Opania-
Hocuda, pororpadust O.B. Capunkuna); C — METHHKA MHOTOLETHHKOBOT'O Y€PBSI, IPUHA/IIKAIIETO POILY
Harmothoe Kinberg, 1856, u3 racrpaibHoii mogoctu sk3emiuispa ZIN 12927, ocrpos besi, 3emist @panna
Hocuda. Macmrad: 1 mm.

Carlgren (1893) are also the result of weak or strong
retractions or severe damage to the tentacles during
fixation, but not natural ruptures of the tentacle wall.
The different structure of the scapulus wall is also
caused by contraction. Based again on underwater
photographs, the scapulus of H. arctica has a rather
thin wall through which mesentery insertions are
clearly visible. The surface of the scapulus is covered

with small ring wrinkles (Fig. 17A—C, red stars). The
widely variable form of the tenaculi is probably also
the result of contraction, so their key feature is the
modified ectoderm secreting the cuticle. The form of
mesogloeal thickening of the tenaculi is secondary.
Variations in the structure of the mesenterial
musculature can also be explained by the contracted
or relaxed state of the animals. Batham and Pantin
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(1951) already noted the need to be careful when using
musclefolding asasystematic feature. Neverthel ess,
thethreetypesof retractor musclesdiscovered, inour
opinion, are largely explained by the age of the speci-
mens and their individual development rather than
by different degrees of contraction. Our assumption
may be supported by the report of Batham and Pantin
(1951) that the strong folding of the retractors is quite
constant, therefore it is similar in both the extended and
contracted states of the individual. Under prolonged
favorable conditions during ontogenesis retractor
development from stage one to stage three probably
occur. This assumption is supported by the presence
of a small mesogloeal thickening on the outer edge
of the retractor of juveniles, characterized by stage |
retractors (Fig. 8E, arrow). This mesogloeal thickening
eventually develops into a well-defined mesogloeal
outgrowth of the second type. The development of
large mesogloeal processes extending from the main
plate of the mesentery probably occurs after the outer
mesogloeal process is formed; none of the specimens
weexamined with strong mesogloeal processesof the
main plate lacked an external outgrowth.

As noted above, most specimens have numerous
tenaculi. Itisnot entirely clear why someindividuals,
on the contrary, have rather rare tenaculi. We found
no relationship with soil type, depth or temperature.
I nterestingly, two specimensfromthesamestationhad
different types of tenaculi arrangement. Perhaps the
differentnumber of tenaculi in different specimens are
dueto phenotypic plasticity within Halcampaarctica
and/or individual development. Together they canalso
be the cause of an interesting phenomenon in that
mesenteries of many of Halcampa arctica specimens
are perforated by very numerous and large stomata,
however, the stomata of other individuals are rare
and small or absent. In Exocoelactis actinostol oides
(Wassilieff, 1908) and Sagartiogeton californicus
(Carlgren, 1940), for example, the center of some com-
plete mesenteries is perforated by a stoma (Arellano,
Fautin, 2001; Eash-Loucks, Fautin, 2012). According
to Arellano, Fautin (2001), this “central stoma” is
apparently an atypically positioned oral stoma, but
according to Sanamyan et al. (2021: 398), “this is
atypically positioned marginal (not oral) stoma”.

The discovery of the variability of retractor and
parietal muscle structure necessitates discussion on
the taxonomic position of Halcampa vegae. The
variability of these mesenterial muscles suggests that
Carlgren’s (1921) Halcampa vegae is conspecific
with H. arctica. Carlgren (1921: 123-124) points
out that the specimen he studied corresponds well in
a number of characters to the genus Halcampa, the
anatomy of the new speciesrecallsthat of H. arctica
in many details. However, unlike the latter, H. vegae
has very highly branched retractors (see Carlgren,
1921: 123, textfig. 146) and the parietal muscles
of the perfect mesenteries are not elongated, more

branched and transversally spread (see Carlgren,
1921: 123, textfig. 147); the muscles of the imperfect
mesenteries (see Carlgren, 1921: 123, textfig. 148) are
also more ramificated. According to Carlgren (1921:
124), this may reflect a different contraction of the
muscles, so he was uncertain whether the specimens
studied belong to two different species. Some of our
specimens exhibited retractors and parietal muscles
of a similar structure (compare Fig. 15A, B, F and
textfigs 146, 147 in Carlgren, 1921). Nonetheless,
our study underlines the instability of combination
described by Carlgren. We found specimens whose
perfect mesenteries were equipped with both very
highly branched retractors (Fig. 15B) and elongated
parietal muscles (Fig. 15G). In other specimens,
in contrast, perfect mesenteries had retractors with
structure typical for H. arctica (Fig. 14E, F), and
the parietal muscles were branched, not elongated
and transversally spread (Fig. 15E). Unfortunately,
Carlgren (1921) did not provide a detailed descrip-
tion of other characters of Halcampa vegae due to
the unsatisfactory condition of the single specimen,
and the holotype was not available to us for research:
we have only two photographs published earlier by
Daphne Gail Fautin ona currently inaccessible website
“Hexacorallians of the World”. However, in addition
tothesimilar structureof themesenterial muscul ature,
the general structure (three divisions of the column,
12 tentacles, 2 mesenterial cycles, tenaculi) and size
ofthe nematocysts (basitrichs) of the scapus, scapulus
and tentacles (about 13 % 1.5 p) indicated by Carlgren
(1921) also suggests the affinity of these two species.
Additionally, Carlgren’s specimen was collected in
the Bering Sea (64°52'N 172°3'W) at a depth of about
33 m, and severa of our specimens were collected
nearby atadepth of37.5 m. Thus, among thecurrently
known characters of H. vegae, there is not a single
one that supports the independence of this species.
Therefore, in this paper we consider H. vegae to be
asynonym of H. arctica.

Currently, taxonomists still face difficulties in
identifying sea anemones. On the one hand, strong
contraction of the sea anemones body during collection
leads to the loss of some characters and prevents the
indisputable division of the remaining features into
taxonomically significant and those resulting from
fixation. On the other hand, there are a large number
ofold poorly illustrated, brief, or excessively verbose,
but not informative original descriptions, often based
on the study of a single specimen (e.g, the verbose
origina description of Halcampoides abyssorum
Danielssen, 1890 or very short original description
of Peachia carnea Hutton, 1880). However, these
problems have solutions. The native appearance of
sea anemones, as well as their external significant
features, which are lost during fixation, are success-
fully remained due to photographing animalsin their
natural environment or aquarium (Barragan et al.,
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2019; Sanamyan et al., 2019; Vassallo-Avalos et al.,
2022; Yap et al., 2023 etc.). Moreover, our investiga-
tion of Halcampa arctica showed the need to study a
large number of individuals, especially in the case of
fixed specimens kept in museum collections. Such a
study allows to trace changes in the state of morpho-
anatomical features. Studying many specimens
simplifies the detection of taxonomically significant
characters that in turn will avoid dispensable descrip-
tions of new species. For example, we found that in
H. arctica the retractor muscles vary from restricted
to circumscribed and the parietal muscles range from
rounded to elongated. Therefore, we consider that H.
vegae was described by Carlgren (1921) on the base
of one of the variants of the state of these characters;
it is only an adult sexually mature specimen of H.
arctica, but not a separate species. In addition, the
study of large material revealed a new feature of H.
arctica — numerous stomata located in the center of
the mesenterial plate. On the other hand, the physa
apertures, located in two cycles around the central
pore, are not a diagnostic character of H. arctica, as
noted by Carlgren (1893).

Variability of morpho-anatomical characters has
been noted in many species (Gonzéalez-Muiioz et al .,
2015; Yap et al., 2020 etc.). For example, studies of
Lebruniacoralligens(Wilson, 1890) showed the pres-
ence of two morphotypes in this species (Crowther,
2013; Gonzalez-Muiioz etal.,2016; Gonzalez-Mufioz
etal., 2017). They differ in the structure of the pseu-
dotentacles and the size of their cnidae, as well as
variations in the size of the cnidae in other tissues.
However, other mophro-anatomical features of the two
morphotypesaresimilar. Comparisonof L. coralligens
with its congeners L. neglecta showed significantly
greater differences between L. neglecta and the two
morphotypesof L. coralligensthan between the latter
(Gonzalez-Muiioz et al., 2017). The researchers note
that these morphotypes are due to broad phenotypic
plasticity withinL. coralligens, which might be related
to specific adaptations to the surrounding environment
or to an early speciation process. Now thereare many
examples where morphological variationsin species
were originally described as separate species (Fautin,
1984; Excoffon et al., 1997; Arellano, Fautin, 2001;
Gonzalez-Mufioz et al., 2015; Spano, Hdussermann,
2017 etc.).

Supplementary data. The following materials
are available online.

Table S1. List of all examined and cataloged
specimens of this study, also including the region,
collectionlocality and coordinates, dateof collection,
and physical characteristics of stations (depth, soil,
salinity, temperature).
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