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ABSTRACT: Aulactinia viadimiri sp.n. is a small sea anemone described from shallow
waters in vicinity of Petropavlovsk-Kamchatsky (Pacific coasts of Russia). The species has
48 (in fully developed specimens) tentacles which are usually bright pink. In contrast with
internally brooding A. stella (Verrill, 1864), A. incubans Dunn, Chia et Levine, 1980 and
A. vancouverensis Sanamyan, Sanamyan et McDaniel, 2013 (three species of the genus
reported for North Pacific), the eggs of A. viadimiri sp.n. are incubated in an external brood
chamber. The phylogenetic analysis for 4. viadimiri sp.n. showed that A. stella is the closest
related species with obtained sequences of mitochondrial genes 12S rRNA,16S rRNA and
cytochrome oxidase III.
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MOJIHOCTBIO PA3BUTHIX IK3EMILIAPOB 48 IIymasier], KOTOpble 0OBIYHO OKPAIICHBI B SIPKO-
po30BeIii 11BeT. B otimuue ot A. stella (Verrill, 1864), A. incubans Dunn, Chia et Levine,
1980 u A. vancouverensis Sanamyan, Sanamyan et McDaniel, 2013 (Tpu Buzma pona,
yKa3aHHbIE 151 ceBepHOM yacTu [Tarudukn), y KOTOPBIX SiIa B SMOPHOHBI HHKYOUPYIOTCS
B IIOJIOCTH TeNa, y A. vladimiri sp.n. OHM UHKYOUPYIOTCS BO BHEIITHEH BEIBOJIKOBOM Kamepe.
dunoreneTHuecKUi aHaIM3 TOKa3al, uTo Juist A. viadimiri sp.n. 011KalIIuM poICTBEHHBIM
BHJIOM, UIsi KOTOPOTO M3BECTHBI MOCICIOBATCIBHOCTH MHTOXOHAPHAIBHBIX TCHOB 128
pPHK, 16S pPHK u muroxpom-okcunassr 111, sensiercst 4. stella.

Kak nutupoBath 9Ty crarbio: Sanamyan N.P., Sanamyan K.E., Bocharova E.S. 2015.
Aulactiniavladimiri,anew species of sea anemone (Actiniaria: Actiniidae) from Kamchatka
waters, North-West Pacific // Invert. Zool. Vol.12. No.2. P.117-130. doi: 10.15298/
invertzool.12.2.01

KJTFOYEBBIE CJIOBA: Mopckue aHeMOHBI, akTHHUH, Actiniaria, ceBepHas [lanuduka,
Kamuatka, Aulactinia, BBIBOIKOBasi KaMepa, MUTOXOHIPUATbHBIN T'eH, (PUITOrCHETHUCCKHIA

aHaJius.

Introduction

The fauna of shallow water sea anemones
inhabiting Avacha Bay and neighboring waters
is relatively well known and comprises 16 spe-
cies (Sanamyan, Sanamyan, 2009, 2010). In the
present paper we provide detailed description
ofthe species briefly described as Aulactinia sp.
by Sanamyan, Sanamyan (2010). The first spec-
imen of this small sea anemone was observed by
N. and K. Sanamyan in the intertidal pool on the
shore of Avacha Bay in the vicinity of Petropav-
lovsk-Kamchatsky about 15 years ago, but it
was lost in the sand when they attempted to
collect it. A few years latter, in 2004, several
specimens were photographed underwater by
N. Sanamyan near Starichkov Island, and one
specimen was collected. It was successfully
kept in aquarium for several months (Fig. 1C).
Externally this beautiful specimen, with its pink
tentacles, was not similar to other species of sea
anemones known from the coasts of Kamchat-
ka. Its morphology agreed with the features of
Aulactinia, a genus difficult from taxonomic
point of view and comprising many species
(including most species formerly belonging to
Bunodactis), but its specific assignment could
not be determined at that time. In 2014 we were
able to find many specimens of this species
which were photographed underwater and col-
lected. This material has allowed us to study

details of the morphology, estimate a range of
variations, and to describe a new species, Aul-
actinia vladimiri sp.n.

The features of Aulactinia viadimiri sp.n. fit
the definition of the genus Bunodactis as given
by Carlgren (1949). The genus Bunodactis was
synonymized with Aulactinia by Dunn et al.
(1980) and since that time several species as-
signable to Bunodactis were described under
the generic name Aulactinia. The taxonomic
and nomenclatural problems around these two
genera were discussed recently by Sanamyan et
al. (2013), Spano etal. (2013) and Garese et. al.
(2014). Spano et al. (2013) correctly pointed
that Bunodactis was synonymized with Aulac-
tinia only basing on the fact, that Carlgren
(1949) placed the type species of Aulactinia to
Bunodactis, and that the examination of type
species of Aulactinia is required to clarify if two
genera are synonyms. However, the matter ap-
pears to be more complicated. In particular, it is
not quite clear if highly verrucose B. verrucosa
(Pennant, 1777) (the type species of the genus)
is congeneric with the species which have less
prominent verrucae and lack marginal «pseudo-
spherules» (including A. vancouverensis, A. stel-
la, A. incubans, A. viadimiri sp.n., etc). England
(1987, 1992) proposed to remove from Aulac-
tinia all species having marginal spherules, in-
cluding B. verrucosa, and place them to Gyrac-
tis. Obviously, the whole group of species, cur-
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Table 1. List of sea anemone species examined with GenBank accession

numbers of their mtDNA sequences.

Tabmuma 1. Crrcok uccae0BaHHBIX BHOB aKTHHHN ¢ HOMEpaMH
nocryna B ['enbanke UX MUTOXOHPUAIBbHBIX OCIEI0BATEILHOCTEN.

Species and haplotype 12S rRNA | 16S rRNA COIII
Aulactinia vladimiri sp.n. KT310187 | KT310197 | KT310209
Aulactinia stella Pacific-1 KT310188 | KT310198 | KT310210

A. stella Pacific-2 KT310189 | KT310199 | KT310211

A. stella Pacific-3 KT310190 | KT310200 | KT310212

A. stella Pacific-4 KT310191 | KT310201 | KT310213

A. stella Pacific-5 KT310192 | KT310202 | KT310214

A. stella White-Barents KT310208 | JQ927444 | KT310207
Cnidopus japonicus Pacific-1 | KT310193 | KT310203 | KT310215

C. japonicus Pacific-2 KT310194 | KT310204 | KT310215

C. japonicus Pacific-3 KT310195 | KT310205 | KT310215

C. japonicus Pacific-4 KT310196 | KT310206 | KT310215

rently assigned to Bunodactis, Aulactinia, Gy-
ractis and Anthopleura need to be revised until
certain conclusions may be made. Pending such
revision we prefer to keep more or less estab-
lished in the literature the usage of the name
Aulactinia as a valid genus.

Material and methods

Specimens of Aulactinia viadimiri sp.n. were
observed and photographed underwater in their
natural habitat to record colour, external ap-
pearance and position on substrate. The collect-
ed anemones (21 specimens) were fixed in sea-
water formalin, then some of them transferred to
70% ethanol for long-term storage. Small piec-
es of tissues cut from the pedal disk and limbus
of six live specimens were placed directly to
96% ethanol for molecular study. The histolog-
ical sections were prepared using isopropanol-
mineral oil method (see Sanamyan, Sanamyan,
2012). Size ranges of cnidae were measured on
small pieces of macerated tissue according the
method of Hand (1954) and the details of distri-
bution of cnidae in different tissues were stud-
ied on histological sections stained by basic
dyes (the method is described by Sanamyan et
al., 2013). Cnidae terminology follows Weill
(1934) and Carlgren (1949), but classification
of p-mastigophores follows Schmidt (1969,
1972, 1974) with the modification of den Har-

tog (1995), for details see Sanamyan et al.
(2012). Type material is stored at the Zoologi-
cal Institute (ZIN) in St. Petersbourg, Russia
and in Kamchatka Branch of Pacific Geograph-
ical Institute (KBPGI).

Molecular techniques

Data collection. Adult pedal disc tissues
and juvenile polyp specimens were preserved in
96% ethanol prior to DNA extraction. The total
DNA was extracted using Wizard SV Genomic
DNA Purification System (Promega) following
the manufacturer’s protocol.

Mitochondrial gene fragments 12S rRNA,
16S rRNA and COIII were amplified using
published primers and protocols (Geller, Wal-
ton, 2001; Bocharova, 2015).

Sequence reaction was run using the BigDye
v1.1 reagent kit (Applied Biosystems®). Puri-
fied and denatured reaction products were ana-
lyzed in the capillary molecular analyzer ABI
PRISM 3130 (Applied Biosystems®) using POP7
gel polymer. In order to treat the chromato-
grams, a Sequencing Analysis 3.7 (Applied Bio-
systems®) and Geneious 6.1.6 (http://www.
geneious.com) were applied. After the treat-
ment, the length of the 12S rRNA fragments was
663 nucleotides, 16S rRNA — 481 nucleotides,
COIII — 485 nucleotides.

Forward and reverse sequences were assem-
bled in and compared (via BLAST) against the
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nucleotide database of GenBank to determine
whether the target locus and organism were
sequenced rather than a symbiont or other con-
taminant. All assembled sequences have been
deposited in GenBank (Table 1).

Data analysis. Sequences were manually
edited and aligned using the Muscle algorithm
with default parameters in Geneious 6.1.6. Com-
plete and reduced alignments for each marker
were analyzed separately and as a concatenated
dataset in MEGA 6.0 (Tamura et al., 2013).

We conducted several analytical methods of
phylogenetic reconstruction. Phylogenetic anal-
yses [Maximum Likelihood (ML), Neighbor
Joining (NJ), Minimum Evolution (ME), and
Maximum Parsimony(MP)] were performed
using Tamura 3-parameter model in MEGA 6.0.
The presented bootstrap values were calculated
for (1) ML: Nearest-Neighbor-Interchange heu-
ristic method, Maximum Parsimony initial tree,
very strong branch swap filter, 1000 replicates;
(2) NJ: 1000 replicates; (3) ME: Close-Neigh-
bor-Interchange heuristic method, Neighbor-
Joining initial tree, search level — 1, 1000
replicates; (4) MP: MP Search Method — Max-
mini Branch & bound, 1000 replicates. Maxi-
mum Parsimony method was used to find the
phylogram in Fig. 6.

Evolutionary analyses (Between Group
Mean Distance) was conducted using the Max-
imum Composite Likelihood model in MEGA
6.0. Standard error estimate was obtained by a
bootstrap procedure (500 replicates). Codon
positions included were Ist + 2nd + 3rd +
Noncoding. All positions containing gaps and
missing data were eliminated.

Taxonomy

Order Actiniaria
Family Actiniidae

Aulactinia vladimiri sp.n.
Table 2; Figs. 1-5.

Aulactinia sp. Sanamyan, Sanamyan, 2010: 217.

MATERIAL EXAMINED. Holotype: ZIN No.11649,
East Kamchatka, Avacha Bay, Mayachny Point,
52°53.219'N, 158°41.755’E, 7 m, t=2°C, 11.07.2014, one
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specimen (Fig. 1E). Paratypes: ZIN No.11650, East Kam-
chatka, Avacha Bay, Mayachny Point, 52°53.219'N,
158°41.755’E, 7 m, t=2°C, 11.07.2014, two specimens;
ZIN No.11651, same data, three specimens; KBPGI 459/
4, same data, one specimen; KBPGI 460/5, same data, two
specimens; KBPGI 461/6-464/9, Mayachny Point,
52°53.224’N, 158°41.729’E, 7-9 m, t=7-10°C, 29.07.
2014, four specimens; KBPGI 465/10-470/15, 52°53.
212'N, 158°41.780’E, 5-8 m, t=4°C, 5.06.2014, six spec-
imens; KBPGI471/16, Avacha Bay, Mayachny Point, 7 m,
12.09.2007, one specimen; KBPGI 472/17, Avacha Gulf,
Starichkov Island, 6 m, 31.08.2004, one specimen. All
specimens collected by N. Sanamyan.

ADDITIONAL MATERIAL EXAMINED. Cnidopus
Japonicus (Verrill, 1869) — haplotype 1 (Pacific-1): East
Kamchatka, Avacha Gulf, Listvenichnaya Bay, Piramidny
Point, 52°22.881'N, 158°34.419’E, 15 m, t=1°C, 16.07.
2014, one specimen; haplotype 2 (Pacific-2): same data,
one specimen; haplotype 3 (Pacific-3): KBPGI 448/44,
East Kamchatka, Avacha Gulf, Viluchinskaya Bay, 52°36.
859N, 158°29.638’E, 19 m, t=1°C, 24.07.2014, one spec-
imen; East Kamchatka, Avacha Gulf, three specimens;
haplotype 4 (Pacific-4): East Kamchatka, Avacha Gulf,
two specimens.

DESCRIPTION. External structure. The
specimens of the species are rather small, the
tentacular crown of fully expanded living spec-
imens is up to 3—4 cm in diameter. Formalin-
preserved specimens are 12—25 mm in diameter
and 8-21 mm in height. The circular and strong-
ly adhesive pedal disk is about the same diam-
eter as column. The column is cylindrical and
short, red or pink, paler proximally. Small adhe-
sive verrucae, to many of which gravel particles
and broken shells are attached, are arranged in
48 longitudinal rows on the distal (upper) half of
the column but not present in proximal part of
the body. Verrucae are marked by bright white
spots contrasting with the colour of the column
and well visible on live specimens (Figs 1C, D;
2A). There are no special marginal structures
although on strongly contracted specimens most
distal parts of intermesenterial spaces on the
margin may became inflated (Fig. 1E). There is
a deep fosse and a short capitulum.

The oral disk is circular and flat. The tenta-
cles, up to 48 in number, are arranged hexamer-
ously in four cycles on the outer part of the oral
disk. The tentacles are rather straight, tapering,
blunt pointed, all of about the same size, their
length usually not exceeding the diameter of
oral disk (Fig. 1A, B). The background colour
of the oral disk is grayish pink. Mesenterial
insertions on the oral disk are marked by deep
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Fig. 1. Aulactinia vladimiri sp.n. A-B — live specimens in natural habitat, two colour morphs; C — side
view of the specimen with pink tentacles (in aquarium), note white spots marking verrucae which disappear
on the proximal part of the column (KBPGI 472/17); D — contracted live specimen with grey tentacles, the
colour of the column is of the same, as in the specimens with pink tentacles (red with white verrucae), it has
no brood chamber (KBPGI 464/9); E — the holotype, preserved (ZIN 11649), arrow indicate the furrow of
the brood chamber.

Puc. 1. Aulactinia viadimiri sp.n. A—B — >XuBBIe 3K3eMIULIPBI B €CTECTBEHHOI cpenie OOHMTaHUS, /B
nuBeToBble Gopmbr; C — BHI COOKY K3EMIUIIpa ¢ PO3OBBIMHU LIyHaJbIlaMH, O€Jble TOYKH MapKUPYIOT
BEPPYKH, KOTOPBIX HET B HIDKHEH yact kostomHa (KBPGI 472/17); D — cokaBIIHICS KHBOH SK3EMILISP
C CepBIMH IIIyTaIbIIaMH, BT KOJIOMHA Y HETO TaKOH ke, KaK U y 9K3eMIUIIPOB C PO30BEIMH IIyNAIBIIAMEI
(xpacHblii ¢ 6enpIMu OOPOAABKAMN), 3TOT SK3EMILISIP HEe NMeeT BhiBoIKOBoH kamepsl (KBPGI 464/9); E —
rosiorurl, GukcupoBanHblii (ZIN 11649), cTpernka ykas3piBaeT Ha 60p0O3/1y, BEAYIIYIO B BEIBOJIKOBYIO KaMepy.
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red lines. White short stripes or dots over en-
docoels of third order are arranged in a circle in
half way between the mouth and tentacles of
many specimens. In most specimens the tenta-
cles are bright pink with two transverse whitish
bands on their oral and lateral sides; the pink
colour is more saturated on distal half of the
tentacles (Fig. 1A). Among several tens of typ-
ically coloured specimens we observed two
with the grayish tentacles (Fig. 1B). The column
of these specimens was of the same red colour
(Fig. 1D) as in the specimens with pink tentacles
and the colour pattern on the disk was the same.

Internal structure. Marginal endodermal
sphincter muscle is about 0.9—2 mm in greatest
diameter on transverse section, circumscribed,
oval, pinnate, with very thin central lamella
(Fig. 3B) which sometimes is not well defined
(Fig. 3C), attached to body wall in the fosse
(Fig.3A). The central lamelladivides the sphinc-
ter into two unequal halves: the mesogloeal
processes on the side faced to the bottom of the
fosse are two or three times longer than those on
the opposite side of the central lamella. Radial
muscles of oral disk and longitudinal muscles of
tentacles are ectodermal (Fig. 3D), the former
are poorly developed. Circular endodermal co-
lumnar muscles well developed on the whole
column and not interrupted on verrucae (Fig.
3F). Actinopharynx has two deep siphonoglyphs
supported by directives.

The mesenteries are arranged hexamerously
in three cycles: 6+6+12. The number of mesen-
teries is the same along the whole length of
column. All mesenteries are perfect (those of
third cycle are attached to actinopharynx in its
distal part). The mesenteries of all cycles have
large oral (1-2 mm) and marginal (2-3 mm)
stomata. Retractor muscles on all mesenteries
are strong, diffuse to restricted, with numerous
heavily branched mesogloeal processes (Fig.
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4A). Parietobasilar muscles form free flap bet-
ter developed on the mesenteries of the first
cycle. Basilar muscles well developed (Fig.
3E). The mesenteries of the first and the second
cycles are fertile.

Sexes are separated, among 13 sectioned
specimens 11 were females, one was a male and
one specimen was sterile. The developing ova
are very large, up to 1.8-2.2 mm in diameter,
bright red on fresh material (Fig. 4B). In many
female specimens (including the holotype, Fig.
1E) the ova are incubated in a brood chamber
formed by deep circumferential fold on the
distal (upper) part of the column (Fig. 2B-D).
The ova lie in the bottom of this fold, in two
rows, each in an individual thin-walled pouch
(Fig. 2C). In all examined specimens the brood
chamber is tightly closed, its walls are firmly
pressed to each other and in live expanded
specimens the presence of the brood chamber
cannot be revealed. On the contracted speci-
mens the brood chamber (to be more precise —
the entrance to the brood chamber) may be
visible as a circumferential furrow on the upper
column just below the margin (Fig. 2A). There
are no eggs attached to column wall outside
from the brood chamber. The eggs in the brood
chamber are rich of yolk and are not ciliated. In
all examined specimens only such large eggs
were found, none of the specimens had develop-
ing larvae in the coelenteron or attached to the
column.

Spermatozoa are bilaterally symmetrical and
blunt headed, the size ofthe head is 3-3.5x 1.5~
2 microns (Fig. 4C).

Cnidom. Cnidom includes spirocysts, ba-
sitrichs, p-mastigophores A, p-mastigophores
B1 (see Table 2 and Fig. 5). Small rare columnar
basitrichs (Fig. 5B) occur mostly on the distal
(upper) part of column on verrucae. The ba-
sitrichs in the tips of the tentacles are very

Fig. 2. Aulactinia viadimiri sp.n. A — contracted live specimen with the brood chamber (KBPGI 461/6),
note the circumferential furrow on the upper part of column (arrow); B — longitudinal histological section
of upper part of column to show the brood chamber (KBPGI 462/7); C—D — preserved specimen sectioned
longitudinally (KBPGI 461/6), note that the brood chamber is formed by a deep fold of the wall of column
and the eggs are incubated in the thin-walled pouches in the bottom of this fold.

Abbreviations: od — oral disk; ov — ova; s — marginal sphincter; t — tentacles. Arrows indicate entrance into the brood

chamber.
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Puc. 2. Aulactinia vladimiri sp.n. A — cxxaBimiics )KuBOM SK3eMILISIP ¢ BEIBOAKOBOH kamepoid (KBPGI 461/
6), BugHA KpyroBas Oopo3lia B BEpXHEW vacTH KoJtOMHa (00O3HaueHa CTpenkoi); B — mpoaonbHbIid
THCTOJIOTMYECKUH cpe3 yepe3 BEPXHIO 4acTb KOJIOMHA, [T0Ka3bIBaroluil BbIBOAKOBYI0 Kamepy (KBPGI
462/7); C—D — ¢uxcnpoBaHHbIN dK3eMIUTIp, pazpezannsiii B1oib (KBPGI 461/6), BuaHO, 4TO BEIBOIKOBAS
Kamepa chopMHpOBaHa IIyOOKOH CKJIaKOH CTEHKH KOJIIOMHA, U silla MHKYOHPYIOTCSI B TOHKOCTEHHBIX
KapMaHax Ha JIHe 3TOM CKJIaJKu.

Coxpammenust: od — OpalIbHBI JHCK; OV — siifl1a; S — MaprHHAIbHBII cHHHKTE; t — mynansia. CTperkaMu o603HadeH
BXOJ B BBIBOJAKOBYIO KaMeEpy.
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Fig. 3. Aulactinia vladimiri sp.n., histological sections (KBPGI 462/7). A — longitudinal section of the
whole specimen; B-C — the sphincter muscle, enlarged; D — oblique section of the tentacle, longitudinal
ectodermal muscles are visible; E — basilar muscles; F — longitudinal section of verruca on the column.
Abbreviations: ov — ova; s — marginal sphincter; t — tentacles.

Puc. 3. Aulactinia vladimiri sp.n., ructonornueckue cpe3bl (KBPGI 462/7). A — npoaomnbHBIi cpe3 uepes
Bech k3emiuisip; B-C — chunkrep, yBeanueno; D — Kocoii cpe3 yepes Iiyanblie, BUAHBI POI0IbHBIC
9KTOJepMalIbHbIC MYCKYIbl; E — Gasuisipabie MycKkyibl; F — mpososbHbIA cpes yepe3 60poiaBKy Ha
KOJIIOMHE.

CoxparmeHus: OV — SIIa; § — MaprUHANBHBIA CUHKTEP; t — IIymanbla.
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Fig. 4. Aulactinia vladimiri sp.n. A — transverse section of proximal part of column (below actinopharynx)
to show arrangement and musculature of the mesenteries (KBPGI 462/7); B — transverse sections of freshly
preserved specimen (KBPGI 472/17), note large bright-red ova; C — spermatozoon.

Abbreviations: d — directives. The numbers indicate the cycles of mesenterial pairs.

Puc. 4. Aulactinia vladimiri sp.n. A — monepedHsIii cpe3 Yepe3 MPOKCHMAIbHYIO YacTh KOJIOMa (HIDKE
TJIOTKH), TOKa3bIBAIONIHI OPraHU3alHio [UKIOB Me3eHTepreB U ux myckynarypy (KBPGI 462/7); B —
TIoTIepey b cpe3 HemaBHO 3adukcupoBaHHOro sk3emiuripa (KBPGI 472/17), Buansr Gonbmme sipko-
KkpacHble siia; C — crepMaTo3on/,.

Coxparmennsi: d — HanpasJsomye Mesenrepun. Linbpamu 0603HaueHBI HOMEPA [HKIOB AP ME3CHTEPUCB.
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Table 2. Size ranges (length x width, in microns) and distribution of cnidae of Aulactinia viladimiri sp.n.
Letters in brackets correspond to letters in Fig. 5. “N” — ratio of number of specimens in which each

cnidae was found to number of specimens examined.

Tabnuua 2. Pazmeps! (11MHA X MIKWpHUHA, B MUKPOHAX) M paclpeelicHue CTpeKaTeIbHbIX Kancyn Aulac-
tinia vliadimiri sp.n. BykBEI B CKOOKax COOTBETCTBYIOT OykBaM Ha puc. 5. “N” — oTHOIIeHHe
KOJIMYECTBA IK3EMIUIIPOB, B KOTOPBIX JaHHBII THIT CTPEKATEIbHbIX KaIcyJl OblI Hali/ieH,

K KOJIMYECTBY HUCCICAOBAHHBIX SK3EMILUIAPOB.

. . Size ranges Size ranges all
Body region Cnidae holotype (gp.m) specimeni (um) N
Pedal disc (A) basitrichs (few) 20-30 x 2-3 20-30 x 2-3 2/2
Column (B) basitrichs (rare) 10-13x 1.5-2.5 10-14x1.5-2.5  6/6
(C) basitrichs (common) 14-25x2-3 14-25x2-3 6/6

(D) spirocysts (numerous)

19-35x2-3.5 19-36 x 1.5-3.5  5/5

Tentacles .
(E) basitrichs (numerous) 19-30 x 2-3 19-30 x2-3.5 5/5
. (F) basitrichs (common) 25-34 x3-4 24-35x3-4.5 5/5
Actinopharynx .
(G) p-mastigophores A (few) 23-30 x5-6.5 21-32x4.5-6.5 5/5
(H) basitrichs (common) 15-20 x2-3 14-20 x2-3 5/5
(I) basitrichs (common) 26-36 x2-3.5 24-36 x2-3.5 5/5
Filaments (J) p-mastigophores B 25-42x45-5  25-43x35-6  5/5
(common)
(K) p-mastigophores A 2430x4565  21-32x47  5/5
(common)
Endoderm basitrichs (rare) 16-21 x2-2.5 1/1
AULACTINIA VLADIMIRI
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Fig. 5. Aulactinia vladimiri sp.n., cnidom (see Table 2 for size ranges).
Puc. 5. Aulactinia vladimiri sp.n., KHuoM (pa3Mepsl yKa3aHbl B Ta0I. 2).

numerous (more numerous than spirocysts) and
crowded, but become sparser toward the bases
of the tentacles.

HABITAT. All recorded specimens of
Aulactinia vladimiri sp.n. were buried ina coarse

sand or gravel with the pedal disk attached to
buried stones or rock. Only the oral disk with the
tentacles is visible on the surface. The speci-
mens may occur solitary or in small groups. The
species was observed from intertidal zone to a
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depth of about 9 m. It has patchy distribution
and is rather rare in the studied region (Avacha
Bay, east coast of Kamchatka).

ETYMOLOGY. The species is named after
Vladimir Timoshenko who was in command of
the boat “Chaika” and helped a lot in our field
work.

REMARKS. Aulactinia vladimiri sp.n. is
the second species of Aulactinia recorded from
the Pacific coasts of Kamchatka (Sanamyan,
Sanamyan, 2009, 2010). Aulactinia stella (Ver-
rill, 1864), the only species of Aulactinia known
previously in this region, is larger, has more
numerous (up to 150) tentacles and more than
three (up to five) cycles of mesenteries. These
two species may occur together but they cannot
be confused, in particular none of the several
colour morph of 4. stella has such bright pink
tentacles as in A. viladimiri sp.n. Aulactinia
stella is an internal brooder, the larvae are
brooded in the coelenteron and may attain rather
large size with developed tentacles and mesen-
teries (Verrill, 1922; Sanamyan, Sanamyan,
2009). Aulactinia viadimiri sp.n., in contrast, is
an external brooder, the eggs are incubated on
the ectodermal (the outer) side of the column, in
the bottom of the tightly closed brood chamber
formed by the invagination of the body wall.
Two species of Aulactinia known from NE
Pacific, A. incubans and A. vancouverensis,
differ from the A. viadimiri sp.n. in the same
way, they have more mesenteries and tentacles,
different colouration and both are internal brood-
ers. Cnidom of A. stella, A. incubans and A.
vancouverensis includes holotrichs (at limbus
and outer tentacles), while in 4. viadimiri sp.n.
holotrichs were not found.

Epiactis lewisi Carlgren, 1940 has a very
similar brood chamber, formed by deep circular
invagination of column “fairly close to the
sphincter” (Carlgren, 1940, p.23). (Compare
fig. 2b in Carlgren, 1940 and Fig. 2B in the
present work). The description of this species is
based on one specimen from Chukchi Sea. Its
size is comparable with the size of preserved
specimens of Aulactinia viadimiri sp.n., but E.
lewisi has only 24 tentacles and 12 mesenteries,
and its column is smooth.
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Larson, Daly (2015) recently discovered
and described in details external circular sealed
brood chamber in Cridpous ritteri (Torrey,
1902). They tentatively synonymized Cnidopus
with Epiactis, but pending more detailed dis-
cussion we prefer to continue treat it as a valid
genus, see Sanamyan, Sanamyan (1998) for
details. [When the current paper was in press we
were informed that in their new paper (in press)
Larson and Daly rejected validity of Cnidopus
basing on molecular data]. Despite the presence
of similar brood chamber Aulactinia viadimiri
sp.n. cannot be confused with any species of
Cnidopus or Epiactis, all members of which
have no adhesive verrucae on column.

The correct attribution of large nematocysts
in the filaments, called here p-mastigophores
B1 (Fig. 5J), is not quite clear. In fired capsules
the tubule appears to be isodiametric and in
unfired the V-shaped notch is not always obvi-
ous. Similar capsules occur in the filaments of
several actiniid genera (e.g. Aulactinia, Epi-
actis, Urticina, Cribrinopsis, Anthopleura, Bun-
odosoma). Sometimes they are recorded in the
literature as basitrichs (e.g. Dunn et al., 1980;
Fautin, Chia, 1986), but in other cases as p-
mastigophores (e.g. Hand, 1955; Hartog, 1987,
Hauswaldt, Pearson, 1999; Yanagi, Daly, 2004;
Sanamyan, Sanamyan, 2006; Sanamyan et al.,
2013; Larson, Daly, 2015) or microbasic b-
mastigophores (e.g. Rodriguez, Lopez-Gonza-
lez, 2013). Despite the fact, that different au-
thors attribute them to different categories, most
probably these similarly looking cnidae from
different species belong to one type — all these
genera have almost the same composition of
nematocysts types in the filaments (several,
usually two, types of basitrichs, one type of p-
mastigophores A and a discussed here type with
indistinct V-shaped notch in unfired capsule).
Dunn et al. (1980: 2076) identified these cap-
sules from the filaments of Aulactinia incubans
as basitrichs, but noted that they “may be mis-
taken for microbasic p-mastigophores because
heavy basal spines form V-shaped notch in
unfired state, but butt is not dilated”. In some
Urticina and Cribrinopsis species (e.g. the spe-
cies described in Sanamyan, Sanamyan, 2006)
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A. vladimiri
A. stella (Pacific-1)
100/100/100/100 | A- stella (Pacific-2)
A. stella (Pacific-5)
A. stella (Pacific-4)
A. stella (Pacific-3, White-Barents)
B. verrucosa

— E. lisbethae

C. japonicus (Pacific-1)
C. japonicus (Pacific-2)
C. japonicus (Pacific-4)
C. japonicus (Pacific-3)

100/100/100/100

61/90/88/56
100/99/99/93

20 changes
ML/NJ/ME/MP

Fig. 6. One of ten most parsimonious unrooted phylograms depicting the phylogenetic relationships for
Aulactinia vladimiri sp.n., A. stella (Pacific-1-Pacific-5, White-Barents) and Cnidopus japonicus (Pacific-
1-Pacific-4) collected from the Pacific Ocean, Epiactis lisbethae (concatenated EU190727, EU190771, and
GUA473360) and Bunodactis verrucosa (concatenated EU190723, EU190766, and FJ489484) found in the
nucleotide database of GenBank. Tree was reconstructed by Tamura 3-parameter model. Numbers on nodes
represent bootstrap values calculated by Maximum Likelihood (left, Nearest-Neighbor-Interchange heuristic
method, Maximum Parsimony initial tree, very strong branch swap filter, 1000 replicates), Neighbor Joining
(left in the middle, 1000 replicates), Minimum Evolution (right in the middle, Close-Neighbor-Interchange
heuristic method, Neighbor Joining initial tree, search level — 1, 1000 replicates), and Maximum Parsimony
(right, Search Method — Max-mini Branch & bound, 1000 replicates).

Puc. 6. OHa U3 gecsT HEYKOPEHEHHBIX (pruorpaMM, MOCTPOSHHAs METOAOM MAaKCHMAalbHOH S5KOHOMUH U
n3o0pakaronias puiaoreHeTHyeckue otHoueHus Aulactinia vladimiri sp.n., A. stella (Pacific-1-Pacific-5,
White-Barents) u Cnidopus japonicus (Pacific-1-Pacific-4) u3 Tuxoro oxeana, Epiactis lisbethae (00benu-
Hennble nocneaoBarenbuocT EU190727, EU190771 u GU473360) u Bunodactis verrucosa (00beInHEH-
Hele nocnenoBatenbHocT EU190723, EU190766 u FJ489484) w3 I'enbanka. [lepeBo mocrpoeHo ¢
TOMOIIBI0 3-TlapaMeTprdeckoi Monxenu Tamypsl. Homepa B y3iax MOKa3bIBAalOT 3HAUCHHMSI OyTCTpAIa,
MMOCYUTAHHBIE METOJAMU MAaKCHMAaJIbHOTO MIPABIONIO00MS (CIeBa, IBPUCTUIECKUI MeTO 1 00MeHa OJmKaii-
LIMX COCEJIeH, HCXOHOE ISPEBO 110 METO,Iy MAaKCUMAJIbHOI S KOHOMHH, OUeHb CHIIbHBII QUIBTP IPU 0OMEeHe
BetBsimu, 1000 moBTOpoB), Ommkaimmx cocenell (cieBa mocepennHe, 1000 mMOBTOPOB), MUHMUMATBHOM
9BOJTIOIHH (CHpaBa NOCEPENHE, IBPUCTUIECKUI METO] 0OMeHa ONIKalIIX coceel, NCXOIHOE AEPEBO IO
MeToJ Iy OJKalInX coceneld, ypoBeHs morcka — 1, 1000 moBTOpoB) 1 MaKCHMAaIbHON SKOHOMUM (CIIpaBa,
METOJI TIOMCKa — MaKCHMaJIbHBIX 1 MHHUMAJbHBIX BeTBeH 1 rpanuil, 1000 moBTOpOB).

fired capsules of'this type have more or less well
defined shaft and we had no doubt in assigning
them to p-mastigophores. Attribution of these
cnida to p-mastigophores in U. candenstina
Sanamyan, Sanamyan, McDaniel, 2013 and
Aulactiniavancouverensis Sanamyan, Sanamy-
an, McDaniel, 2013 is less obvious (see discus-
sion in Sanamyan etal., 2013), but it is clear that
they belong to the same type as those in other
species of Urticina and other above listed genera.
It seems that at the current state of knowledge
these cnidae cannot be surely attributed to ba-

sitrichs or to p-mastigophores. In the current
paper we follow Hartog (1987) and other authors
who recorded them as p-mastigophores B1.
RESULTS OF MOLECULAR ANALYSIS.
Only one mitochondrial haplotype was detected
among six studied Aulactinia viadimiri sp.n.
specimens. The comparison of available mito-
chondrial sequences was provided for species
of genus Aulactinia, A. vladimiri sp.n. and A.
stella, type species of the genus Bunodactis, B.
verrucosa, and two other species with external
brooding: Epiactis lisbethae Fautin et Chia,
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1986 and Cnidopus japonicus (Verrill, 1869).
For phylogenetic reconstruction of concatenat-
ed mitochondrial fragments (12S rRNA, 16S
rRNA, COIII) six haplotypes (Pacific-1-Pacif-
ic-5, White-Barents) of A. stella were used from
the previous paper (Bocharova, 2015), four
haplotypes (Pacific-1-Pacific-4) of C. japoni-
cus were newly obtained in this work (speci-
mens from Kamchatka), and the haplotypes of
E. lisbethae (concatenated sequences
EU190727, EU190771, and GU473360) and B.
verrucosa (concatenated sequences EU190723,
EU190766, and FJ489484) were found in the
nucleotide database of GenBank.

Ten (equally) most parsimonius trees were
obtained with a Branch and Bound search
(MEGA 6.0). The topology of resulted unroot-
ed phylograms is identical, thus only one of
them is presented in Fig. 6. Different bootstrap
values for ML/NJ/ME/MP were calculated and
Tamura 3-parameter model was used for ML/
NJ/ME. A phylogenetic analysis shows that 4.
stella haplotypes and 4. vladimiri form separate
clade, but these two species are clearly distinct
(Between Group Mean Distance — 0.062, Stan-
dart Error—0.011). Another major clade found
by the analysis with 100/100/100/100% boot-
strap support includes B. verrucosa and the
grouping of E. lisbethae and C. japonicus hap-
lotypes (Fig. 6).
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