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ABSTRACT: Two small sea anemones, Octineon suecicum and Edwardsiella loveni,
known previously only from scarce records in European waters, are reported from British
Columbia, Canada. Both genera, Octineon and Edwardsiella were not previously reported
from the North Pacific. It is speculated that both species have awider distribution than it
appears from scarce existing records, but due to specific habitat and being flat and firmly
attached to bedrock (Octineon) or inhabiting deep narrow crevices in bedrock (Edwards-
iella) they escapetraditional collecting devicessuch astrawlsor dredges. The phylogenetic
and statistical analyses showed that the family Octineonidae is probably related with
Hormathiidae.
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PE3IOME: [Iga Buma akrunuii, Octineon suecicum u Edwardsiella loveni, ussectrbie
pamHee TOJIBKO TI0 PEIKMM HaXO0/IKaM B €BPOTIEHCKUX MOPSIX, HalIeHBI B Bojiax bpuranckoit
Konym6un, Kanana. O6a pona, Octineon u Edwardsiella ne Obutn panee u3BectHbl B
ceBepHOIt yacti THXoro okeana. IIpesmonaraeres, uTo 00a BHIa MOTYT MMETh Oolee
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[IUPOKOE PACIPOCTPAHEHHE, YEM U3BECTHO 110 JUTEPATYPE, HO U3-3a CIICIU(DUKH MECTO-
obuTaHus, TUIOCKHE U MPOYHO MPHUKPEIICHHBIE K MOABOAHbIM cKanmam (Octineon) wiu
HaceJsolre y3kue rirybokue tpemunbl B ckanax (Edwardsiella), stu aktunnu He morma-
JIAf0T B TPAJUIIMOHHBIE OPY/IHsI JIOBA, TAKKE KaK TPaJbl WK Jpard. OUIoreHeTHUECKHU 1
CTaTUCTUYECKHIA aHAIM3bI [TOKA3aJIH, uTo cemeiicTBo Octineonidag, mo-suagumomy, 6JIH3K0

k Hormathiidae.

Kak nuruposats oty crathio: Sanamyan N.P., Sanamyan K.E., McDaniel N., Bocharova
E.S. 2018. First record of two generaof seaanemones (Cnidaria: Actiniaria), Octineon and
Edwardsiella, from the North Pacific Ocean // Invert. Zool. Vol.15. No.1. P. 1-18. doi:
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I ntroduction

In our previous paper (Sanamyan et al.,
2013) we stated that sea anemones of British
Columbia appear to be more diverse than was
thought previously. Numerous underwater pho-
tographstaken by oneof us(N. McDaniel) show
seaanemonesthat cannot alwaysbeassigned to
species known for this region. In the present
paper we report two anemones new for the
region, Octineon suecicum Carlgren, 1940 and
Edwardsiella loveni (Carlgren, 1892). These
species share similar habitat: both are found at
moderate depth and are firmly attached to bed-
rock or inhabit crevices in bedrock. Such spe-
cies are very difficult to collect by traditional
devices (trawls, dredges) and being small and
inconspicuous they escape attention of most
divers. It is interesting that both species were
described originally from about the samelocal-
ity in Europe: Sweden, Bohuslan, Véderdar,
either invicinity of the Lophelia-reef (O. sueci-
cum) or on dead Lophelia (E. loveni). Octineon
suecicum has not been reported since its origi-
nal description (Carlgren, 1940). Edwardsiella
loveni was reported from several neighboring
European localities (Norway), but not from the
wide area separating these European localities
from British Columbia. The current record of
Octineon isthefirst of amember of the family
Octineonidaein North Pacific and is especially
interesting becauseit allowed clarification of its
taxonomic affinity: molecular data suggested
that it may be related to Hormathiidae.

Material and methods

Specimens of Octineon suecicum and Ed-
wardsiella loveni were observed and photo-
graphed underwater in their natural habitat to
record colour, external appearance and position
on substrate. Collected specimenswerefixedin
seawater formalin for morphology and in 90%
ethanol for molecular study. The histological
sections were prepared using isopropanol-min-
eral oil method (see Sanamyan, Sanamyan,
2012). Sizeranges of cnidae were measured on
small pieces of macerated tissue and the details
of distribution of cnidae in different tissues
were studied on histol ogical sections stained by
basi c dyes (the method i sdescribed by Sanamy-
an et a., 2013). Cnidae terminology follows
WEeill (19344, b) and Carlgren (1949), but clas-
sification of p-mastigophores follows Schmidt
(1969, 1972, 1974) with themodification of den
Hartog (1995), for details see Sanamyan et al.
(2012). The specimensare stored in Kamchatka
Branch of Pacific Geographical Institute (KBP-
Gl). Type materia of Octineon suecicum was
loaned from Swedish Museum of Natural Histo-
ry (SMNH).

Molecular techniques

DATA COLLECTION. Thetotal DNA was
extracted using Wizard SV Genomic DNA Pu-
rification System (Promega) following theman-
ufacturer’s protocol. Mitochondrial gene frag-
ments 12S rRNA, 16S rRNA and COIll were
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Table 1. Primers for 18S rRNA and 28S rRNA nuclear DNA fragment amplification.
Tabnuua 1. [patimepst s ammumndukanun ¢pparmentos 18S pPHK u 28S pPHK sineproit JJHK.

Fragment Primer name Primer sequence (5'-3)

18SrRNA Au_18S F1 ACATGCGAAAAGTCCCGACT
Au_18S R1 TACTTCCCCCGGAACCCAAA
Au_18S F2 AGGCCAGCGCTTGAATACAT
Au_18S R2 CAACTTTTCGGCAGTCCACTG

28SrRNA Au_28S F AATGAAGCGGGAACAGCTCA
Au_28S R GCGCTCTTACTCAAACCTTCC

amplified using published primers and proto-
cols (Geller, Walton, 2001; Bocharova, 2015).
Thenuclear genefragments (18SrRNA and
28S rRNA) were amplified with specially de-
signed primers complementary to the Geneious
6.1.6 software (http://www.geneious.com) (Ta-
ble1). PCR cycling conditionswere asfollows:
an initial denaturation for 2 min at 95°C, fol-
lowed by 35 cycles of denaturation for 30 s at
95°C, annealing for 30 sat 55°C and extension
for 1 min at 72°C, and an additional extension
for 5 min at 72°C.
SequencereactionwasrunusingtheBigDye
v1.1 reagent kit (Applied Biosystems®). Puri-
fied and denatured reaction products were ana-
lyzed in the capillary molecular analyzer ABI
PRISM 3130 (A pplied Biosystems®) using POP7
gel polymer. In order to treat the chromato-
grams, aSequencing Analysis3.7 (Applied Bio-
systems®) and Geneious 6.1.6 were applied.
After thetreatment, the length of the 12SrRNA
fragments was 668 nucleotides, 16S rRNA —

479 nucleotides, COIll — 492 nucleotides, 18S
rRNA — 1493 nucleotides, 28S rRNA — 828
nucleotides. Forward and reverse sequences
were assembled and compared (via BLAST)
against the nucleotide database of GenBank to
determine whether the target locus and organ-
ism were sequenced rather than a symbiont or
other contaminant. All assembled sequences
have been deposited in GenBank (Table 2).
DATA ANALY SIS. Sequencesweremanu-
ally edited and aligned using the Muscle algo-
rithmwith default parametersin Geneious6.1.6.
Completeand reduced alignmentsfor each mark-
er wereanalyzed separately and asaconcatenat-
ed dataset (for Edwardsiidae) in MEGA 6.0
(Tamura et a., 2013). We conducted several
analytical methods of phylogenetic reconstruc-
tion (Nei, Kumar, 2000). Phylogenetic analyses
(Minimum Evolution (ME), Maximum Likeli-
hood (ML), and Neighbor Joining (NJ)) were
performed using the Tamura 3-parameter mod-
el inMEGA 6.0. Thepresented bootstrap values

Table 2. List of sea anemone species examined with GenBank accession numbers of their DNA sequences.
Tabnuna 2. Cricok ucciaeI0BaHHBIX BHIOB aKTHHHN ¢ HOMepamu 1ocTyna B ['enbanke nx

HOCHBIIOBaTeHI;HOCTeﬁ.
. Mitochondrial DNA Nuclear DNA
Species

12SrRNA 16SrRNA COlll 18SrRNA 28SrRNA

Edwardsiella loveni KX946216 KX946212 KX946217 KX946218 KX946219
Octineon suecicum - KX946213 - — -
Spongiactis japonica - KX946214 - - -
Charisea saxicola - KX946215 - — -
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werecal culated for (1) ME: ratesamong sites—
gammadistributed, No. of discrete gamma cat-
egories— 1, Close-Neighbor-1nterchange heu-
ristic method, Neighbor Joining initia tree,
searchlevel — 1, 1000 replicates. (2) ML: rates
among sites — gamma distributed with invari-
ant sites (G+1), No. of discrete gamma catego-
ries — 2, Nearest-Neighbor-Interchange heu-
ristic method, NJinitial tree, very strong branch
swap filter, 1000 replicates; (3) NJ: ratesamong
sites — gamma distributed, No. of discrete
gammacategories— 1, 1000 replicates. Neigh-
bor Joining algorithm was used to find the
phylogramin Fig. 9.

Evolutionary analyses (pairwise distances
between species and standard errors) were con-
ducted using the Tamura-Nei model (Tamura,
Nei, 1993) in MEGA 6.0. The rate variation
among sites was modeled with agamma distri-
bution (shape parameter = 1). Codon positions
included were 1st + 2nd + 3rd + Noncoding. All
positionscontai ning gapsand missing datawere
eliminated.

Taxonomy

Order Actiniaria
Family Octineonidae Fowler, 1894
Octineon Moseley in Fowler, 1894
Octineon suecicum Carlgren, 1940
Table 3; Figs. 1-5.

Octineon suecicum Carlgren, 1940: 59; 1942: 65;
1949: 38.

MATERIAL EXAMINED. KBPGI 473/1,
Sakinaw Rock, Sechelt Inlet, British Columbia,
Canada, 49°34.047'N, 123°48.151'W, 23 m,
granite bedrock, t=12.5°C, 14 September 2015,
12 specimens, collector Neil McDaniel; KBP-
Gl 474/2, same locality, 30 m, 24 February
2016, 11 specimens, in formalin.

ADDITIONAL MATERIAL EXAMINED.
SMNH 5633, syntypes of Octineon suecicum
Carlgren, 1940 (Fig. 2B in the present paper).

DESCRIPTION. The specimensform com-
pact, upto 20 cm diameter, clustersof numerous
crowdedindividual s(morethan 130 werecount-
ed on one underwater photograph). The pedal

disc is broad, irregular in outline, flattened,
strongly adhesive. Its diameter in large live
specimensisabout 10 mm, the largest observed
was about 12 mm in greatest dimension. The
columninlivefully expanded specimensisupto
10 mm in height, widely expanded proximally
and becoming more or less cylindrical above
whereitsdiameter isabout 2 mm, divisibleinto
scapus and scapulus (Fig. 1). The scapus is
covered by brownish cuticle whose surface is
almost free of foreign particlesapart from occa-
sional epibionts(mostly ciliophoresFolliculina
sp., seen as black dotsin Fig. 2A, or Bryozoa).
Mesenterial insertions are apparent, especially
at the edge of the flattened proximal part of the
column (Fig. 1C, D). The scapulus is smooth,
lacking cuticle, not coloured apart from a set of
shortlongitudinal whitestripes, usually grouped
by three in six groups, about halfway between
the oral disc and the scapus (Fig. 1B, D). Wider
stripin themiddle of each group correspondsto
primary endocoels. Theoral discissmall, circu-
lar andflat, of the same or abit greater diameter
asthescapulus. Theoral disciseither colourless
andtranslucent (Fig. 1B) or haspatchesof white
pigment. Thedistribution of thesewhite patches
ontheoral discisthe sameon all individuals of
the same cluster. For example, in all specimens
of thecluster shownonFig. 1A, C, D theventral
third of the oral disc (the area between ventro-
lateral pairsof the mesenteriesof thefirst cycle,
including thesepairsthemselves) iswhite, while
the remaining two-thirds of the disc is translu-
cent with thin white lines along insertion of the
mesenteries between the bases of the tentacles.
These white lines and white colour of the ora
disc may continue on the distal part of the
scapulus (Fig. 1D). The tentacles are elongate
and slender, upto 11 mminlargespecimensand
about 0.4 mmin diameter at their base, tapering
distally, translucent. Thetentacles are arranged
hexamerously inthreecyclesontheouter part of
the oral disc, usualy up to 24 in number, but
occasionally up to 30 due to the duplications
sometimes occurring in the second cycle.
Preserved specimensaremuch flattened with
short elevated central part, thelargest specimen
isabout 10 mmin diameter and 5 mmin height.
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Table 3. Size ranges (length x width, in microns) and distribution of cnidae of Octineon suecicum.

Letters in brackets correspond to lettersin Fig. 5.

Tabnuua 3. Pasmeps! (A7KMHA X IHPUHA, B MUKPOHAX) M Pacpe/ieIeHUEe CTPEKATEIbHBIX KarCyJl
Octineon suecicum. BykBbI B ckoOKax COOTBETCTBYIOT OyKBaM Ha puc. 5.

Body region Cnidae Specimens from Syntypes
British Columbia (SMNH 5633)
Base (A) basitrichs (common) 13-17x 34 10-15x 2.5-35
Scapus (B) basitrichs (few) 6-10x 1-2 6-10 x 1-2
(C) basitrichs (common) 12-17x 345 10-16 x 2.5-3
(D) holotrichs (common) 8-11x2-3 8-9x2-25
(E) p-mastigophores B (few) 25-37%x25-3 24-29x 3
Scapulus (F) basitrichs (numerous) 16-21 x 3-3.5 -
Tentacles (G) robust spirocysts 15-30x 3-5.5 15-25x 4-5
(numerous)
(H) gracile spirocysts 13-26x 2.54 13-21x25-3
(numerous)
(1) basitrichs (rare) 7-10x 1.5-2 -
(J) basitrichs (common) 18-25x 2-3 18-19x 2
(K) p-mastigophores B1 (rare) 13-21x 34 -
Actinopharynx (L) basitrichs (rare) 8-12x1.5-2 8-12x 15
(M) basitrichs (common) 21-27 x 2-3 1926 x 2-3
(N) p-mastigophores A (few) 17-24x 345 20x 4
(O) p-mastigophores B1 12-15%x 2.5-35 12-13x 254
(numerous)
Filaments (P) basitrichs (common) 8-13x 1.5-2 8-12x1.5-2
(Q) basitrichs (few) 1926 x 2-3.5 2026 x 2-2.5
(R) p-mastigophores A (few) 19-26 x 3-4.5 20x 4
(S) p-mastigophores B1 12-23x 2.54 11-13(18) x 34
(numerous)
Acontia (T) basitrichs (few) 8-12x 152 -
(V) basitrichs (rare) 15-20x 1.5-2 14-20x 1.5-2
(V) basitrichs (numerous) 50-60 x 5-6 48-59 x 56
Endoderm basitrichs (rare) 7-13 x 1-2 79x2

The tentacles and scapulus are not visible (Fig.
2A). The tentacles are capabl e of invagination.
The ectoderm on the scapus beneath the cuticle
isvery thin, in some places ho more that 1 um
thick, but occasionally up to 10 wm and more,
especialy in the folds. The ectoderm of the
scapulus is much thicker, 19-35 um (Fig. 2C).
The mesogloea of the scapus and scapulusisup
to 300 um in thickness, but much thinner on the
base. Mesogloea of theinvaginated part of sca-
pus and scapulus forms six prominent ridges
(Fig. 2D). Thecuticlecovering thescapusisthin

(3-5 um), not stratified, attached to column on
areas with modified ectoderm with mesogloeal
strands reaching the cuticle (asin tenaculi, Fig.
2E). At the base cuticle is attached by large
crowded mesogloeal strands distributed along
the whole base (Fig. 3F). Endoderm contains
numerous gland cells which may form almost
continuouslayer (Fig. 3F). Themarginal sphinc-
ter is mesogloeal, alveolar, not strong, rather
long (upto 2.5mm), situated in the scapulusand
continues proximally up to the middle part of
thescapus, whereit liescloser toendoderm. The
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Fig. 1. Octineon suecicum Carlgren, 1940. A-D — live specimens in natural habitat.
Puc. 1. Octineon suecicum Carlgren, 1940. A—D — »uBbIe 9K3eMIUISAPbI B €CTECTBEHHOW Cpe/ie OOUTaHMsL.

sphincter isseparated from endodermal circular
musclesof columnandfromectodermby alayer
of mesogloea. On transverse section of the
sphincter theindividual musclemeshesarerath-
er sparseandliemostly inthemiddlelayer of the
mesogloea(Fig. 2C). Radial musclesof theoral

disc and longitudinal muscles of the tentacles
are ectodermal (Fig. 2F).

The actinopharynx has no distinguishable
siphonoglyphs. Because the preserved speci-
mens were strongly flattened and contracted it
was not possible to obtain perfect transverse
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Fig. 2. Octineon suecicum Carlgren, 1940. A — specimensfrom British Columbia, preserved; B — syntypes
SMNH 5633 (on stones); C — longitudinal section of the distal part of the scapus and scapulus, D —
transverse section of introverted part of the scapus; E — tenacula; F — transverse section of the tentacle;
G — crowded basitrichs in the ectoderm of the scapulus.

Abbreviations: en — endoderm; s — sphincter; sc — scapus; sl — scapulus; t — tentacle.

Puc. 2. Octineon suecicum Carlgren, 1940. A — ¢ukcupoBaHHbIe 3K3eMIUTApb! U3 bpuranckoit Komymouu;
B — cunrunsr SMNH 5633 (na kamusix); C — npooibHbIH Cpe3 Yepes AUCTAIbHYIO YacTh CKamyca u
ckamyJroc; D — nonepeuHslii cpe3 uepe3 BBEpHYTYIO UacTh ckamnyca; E— tenakyist; F— nonepednsiii cpes
yepes 1mynajblie, G — MHOTOYMCIIEHHBIE 6a31/ITpPIXPI B OKTOZIEPME CKallyJiroca.

O6o3HaueHus: €N — 3HTOAEpPMA; S — CHUHKTEp; SC — CKaIlyc, s — ckamyioc; t — mrynanbie.
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Fig. 3. Octineon suecicum Carlgren, 1940. A — arrangement of the mesenteries, B — transverse sections
through dorso-lateral pair of the mesenteries of the first cycle; C — transverse section of the microcnemes
(2— mesenteries of the second cycle); D — transverse sectionsthrough ventro-lateral pair of themesenteries
of the first cycle on the level of the actinopharynx; E — the same mesenteries below actinopharynx; F —
section through the pedal disc.

Abbreviations: c1-c6 — couples of the mesenteries; en — endoderm; od — oral disc; pd — pedal disc; sc — scapus;
t — tentacle.

Puc. 3. Octineon suecicum Carlgren, 1940. A — cxema opraHusanuu Me3eHTepreB; B — nonepeunsiii cpes
qgepe3 A0pCOo-JIaTCpaJIbHYIO0 ITapy ME3CHTEPUCB IIEPBOIO 1MKJIa, C — nonepetmmﬁ Cpe3 4€Pe3 MUKPO-
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Fig. 4. Octineon suecicum Carlgren, 1940. A — transverse section through the distal part of column (2 —
mesenteries of the second cycle); B — transverse sections through dorsal pair of the directives, C —
transverse sections through ventral pair of the directives.

Abbreviations: c1-c6 — couples of the mesenteries; od — oral disc; ph — actinopharynx; sc — scapus; t — tentacle.
Puc. 4. Octineon suecicum Carlgren, 1940. A — noniepeuHslii cpes uepe3 AUCTANBHYIO 4acTh KOMOMHA (2 —
ME3EHTepHH BTOPOro 1UKIa); B — momnepedHslii cpe3 yepes3 JopcabHyo Mapy HampaBIsIFOIINX ME3CHTe-
pueB; C — monepeuHslif cpe3 4epe3 BEeHTPAIBHYIO TIapy HAIpaBISIONIHX ME3EeHTEPHEB.

O603Hauenus: C1-c6 — GunarepanbHbie napbl Me3eHTepres; 00 — opaibHbIi quck; ph — rioTka; SC — ckamnyc; t —
Lynanble.

sections of mesenteriesto illustrate their distri-
bution and shape. Asit appears on underwater
photographs the first and the second cycles of
mesenteries reach the oral disc and the number
of mesenteries at the [imbus may be about 100,
i.e. at least five cycles and some mesenteries of
sixth cycle present at the limbus. Schematic

arrangement of the mesenteriesisshowninFig.
3A. Eight mesenteries of the first cycle, ar-
ranged asin Edwar dsia, aremacrocnemes. They
are perfect and have retractors, filaments, go-
nads and acontia. The retractor muscles are
strong, circumscribed, pinnate with well devel-
oped central mesogloeal lamella. Free ends of

Me3eHTeprH (2 — MEe3eHTEepUH BTOpOro 1ukia); D — nonepeunslii cpe3 uepes BEHTPO-JIaTepalbHyIO napy
ME3eHTEePHEB TePBOTO IIMKJIAa Ha YPOBHE TJIOTKH; E — Te e Me3eHTepuu HIKe ypoBHs INIOTKH; F — cpe3
yepes nefagbHbId JTUCK.

O6o03HaueHus: C1-C6 — OuiaTepaibHble Mapbl ME3CHTEpHEB; €N — sHToAepMa; O0d — opanbHbId anck; pd —
neJanbHbI TUCK; SC — cKamyc; t — mrynanbie.
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OCTINEON SUECICUM
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Fig. 5. Octineon suecicum Carlgren, 1940, distribution of cnidae (see Table 3 for size ranges).
Puc. 5. Octineon suecicum Carlgren, 1940, pacnipenenenue kaua (pasmepsl ykazaHsl B Ta0. 3).

their pennons are always directed to the body
wall (Figs. 3B, D; 4A—C). On the opposite side
the parietobasilar musclesare present; they may
form ashort free flap (up to 100 um in length).
Parietal musclesare not devel oped. The mesen-
teries of fifth couple (paired with dorso-lateral
macrocnemes) are microcnemes but have dif-
fusemusclesat their inner (closer to actinophar-
ynx) parts which on some sections resemble
diffuseretractors (Fig. 3B, C). The mesenteries
of the sixth couple (paired with ventro-lateral
macrocnemes) are similar to those of the fifth
couple but have weaker muscles (Figs. 3D, E;
4A). Mesenteries of the second and subsequent
cycles are weak, without recognizable muscles
on the endocoelic sides, but with discernible
musclesontheexocoelic sidescorresponding to
parietobasilar muscles (Fig. 3C). Basilar mus-
clesindiscernible (Fig. 3F).

All studied specimens were female. The
diameter of the ova is up to 200 um. Many
images show examples of ongoing pedal lacer-
ation (Fig. 1C). Most probably compact clusters
of similarly coloured specimensaretheresult of
asexual reproduction.

Cnidom includes robust and gracile spiro-
cysts, bhasitrichs, holotrichs, p-mastigophores
A, p-mastigophores B (see Table 3 and Fig. 5,
cnidae of the column and tentacleswere studied
in seven specimens, those of the actinopharynx

in four specimens, those of the filamentsin 17
specimens, those of acontia in six specimens
and those of the endoderm in two specimens;
cnidae of the syntypes were studied in seven
specimens). Numerous basitrichs in the scapu-
lus (Fig. 5F) are larger than in scapus and form
analmost solid layer (Fig. 2G). Largebasitrichs
of thetentacles (Fig. 5J) are concentrated at the
tips.

HABITAT. Theclustersof thisspecieswere
found at a depth of 23 to 30 m. They were
concentrated on a steeply sloping bedrock bot-
tom.

REMARKS. ThegenusOctineonisthesole
member of thefamily Octineonidaeand current-
ly containsthree species: O. lindahli (Carpenter
inCarpenter et Jeffreys, 1871), O. suecicumand
O. chilense Carlgren, 1959.

The type species of the genus, O. lindahli
(=Ammodiscus lindahli Carpenter in Carpenter
et Jeffreys, 1871), wasdredged by H.M.S. “ Por-
cuping”’ in 1870 off the south coast of Spain at
depths from 413 to 702 m. The morphology of
these specimens was described in detail by
Fowler (1894) and Carlgren (1921, 1931). The
information provided by Fowler (1894: 461)
suggeststhat the specimens were rather numer-
ous in that location (“obtained <...> a large
collectionof thinsand discs...”) but surprisingly
the species has not been recorded again during
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thepast 150 years. Octineon lindahli livesunat-
tached on the sea floor, has a thin disk-shaped
body densely covered by attached sand and has
only 12 tentacles.

The second species, O. suecicum, is aso
based on asingle lot of specimens. In his brief
origina description Carlgren (1940: 60) gives
thelocality as" Sweden, Bohuslén. Véderdar, in
vicinity of the Lophelia-reef, 60—~70 m on small
stones or shells’. A more detailed description
provided by Carlgren (1942) is based on the
same material. The species lives attached to
hard objects, itsbody isfreefrom sandand it has
at least 24 tentacles in fully developed speci-
mens, soitdiffersquitedistinctly fromO. lindahli
and cannot be confused with it.

Thethird species, O. chilenseisknownonly
from the original description based on speci-
mens from two stations from the region of Los
Lagos, Chile, from 100 m and 50-60 m depth.
This species is very similar to O. suecicum.
Carlgren (1959) saysit has astronger sphincter
muscleand stronger retractor. Inour opinionthe
more significant differenceisthe larger size of
basitrichs in acontia (62—70.5 x 5.6 um).

The present record of amember of thegenus
Octineon from British Columbiaisafirst record
for a half century since Octineon was last re-
corded. This record is geographically distant
from &l previously known locations (Spain,
Norway and Chile). The morphology of speci-
mens described herein corresponds closely to
that of O. suecicum in most details, including
the coloration of living specimens, e.g. proba-
bly characteristic for the species and rather
distinctive arrangement of short longitudinal
white lines grouped by three on the scapulus
(seeFig. 1B, D), Carlgren (1940: 59) describes
them as “on the lowest part of the scapulus 3
opaque white, longitudinal lines, sometimes
moreirregularly arranged” . We examined nem-
atocysts of syntypes of O. suecicum (SMNH
5633). Their size ranges and composition are
similar to whose of the specimens from British
Columbia (see Table 3), especially the nemato-
cyst of the scapus and base, available without
dissection of the specimens, which werestudied
on more specimens.

11

Family Edwardsiidae Andres, 1881
Edwardsiella Andres, 1883
Edwardsiella loveni (Carlgren, 1892)
Table 4; Figs. 6-8.

Milneedwardsia loveni Carlgren, 1892: 456; 1893:
17; 1921: 60.
Fagesia loveni: Carlgren, 1940: 23.

MATERIAL EXAMINED. KBPGI 475/1,
Howe Sound, British Columbia, Canada,
49°27.036'N, 123°14.494'W, 20 m, protruding
from crevicesin bedrock vertical wall, 5 March
2016, 5 specimens, collector Alex English, in
formalin; KBPGI 476/2, same locality, 13 De-
cember 2015, 7 specimens, collectors Alex
Englishand Douglas Swanston, in 90% ethanol.

DESCRIPTION. Thespecimensareattached
to bedrock in very narrow crevices and cracks
and, according to collectors’ notesare extreme-
ly tiny, measuring only 5-7 mm¢tall. This, how-
ever, applies only to scapulus and a very distal
part of the scapus while the remaining part of
columnishidden in the crevices of bedrock and
not visible from exterior (Fig. 6B, C). All col-
lected specimens lack proximal parts of their
bodies so the specimens were probably deeply
inserted in the crevices and since the scapulus
on preserved specimensconstitutesonly asmall
fraction of the body length the specimens actu-
aly should be significantly longer (Fig. 6A).
The column of living specimens is approxi-
mately 1.5 mm in diameter. The diameter of
tentacular crown is up to 10 mm. The largest
preserved specimen is 14 mm long (without
proximal part of column), diameter of its col-
umnvariesfrom 1 mmdistally to 4 mmin most
proximal part. The scapulus on preserved spec-
imens is 0.7-2 mm in length. The scapus is
covered by grayish-brown cuticle. The surface
of the cuticle is clean, without attached sand
grains and other foreign matter. The scapulus
and thetentacles are not retracted and visiblein
al preserved specimens, athough live the spec-
imens are capable of retracting their tentacles
completely (as seen in the specimen on top | eft
corner of the Fig. 6C). The scapulus is naked,
dlightly and gradually tapering to the distal end.
It haseight prominent longitudinal ridgeswhich
are present on the scapus too (at least on its
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Table 4. Size ranges (length x width, in microns) and distribution of cnidae of Edwardsiella loveni. Let-

tersin brackets correspond to lettersin Fig. 8.

Tabmuma 4. Pa3meps! (1nHa X MIMpHHA, B MUKPOHAX) M paclpeeeHne CTpeKaTeIbHbIX Karcyn Ed-
wardsiella loveni. Byksbl B ckoOkax COOTBETCTBYIOT OyKkBaM Ha puc. 8.

Body region Cnidae Size ranges (um)
Scapus (A) basitrichs (few) 8-11x1-2

(B) bagitrichs (few) 20-37x 5-7
Scapulus (C) basitrichs (numerous) 19-35x 56
Tentacles (D) robust spirocysts (numerous) 25-38 x 5-6

(E) gracile spirocysts (numerous) 18-33x 255

(F) heterotrichs (common) 16-31x3-5

(G) basitrichs (common) 16-30x 4-5.5
Actinopharynx (H) basitrichs (few) 13-18x 2-3

(1) basitrichs (common) 21-27x 254

(J) p-mastigophores A (rare) 20-23x 56
Filaments (K) p-mastigophores A (common) 15-21(23) x (3.5)5-7
Endoderm basitrichs (rare) 12-16 x 3.5-5.5

distal part). Very short thinwalled capitulumis
discernible between the bases of the tentacles
andthescapulus. Thetentaclesareslender, very
gradually tapering to pointed tips, all of about
thesamelength, upto5mminliving specimens.
The number of the tentacles, as counted on
underwater photographsin full-size specimens,
variesfrom 22t042; onesmall specimen had 12
tentacles. The arrangement of the tentacles ap-
pears to be hexamerous, in up to four cycles.
The oral disk isvery small with prominent oral
cone.

The overall colour of the distal part of the
anemone, including the scapulus, tentacles and
oral disc, is translucent beige or pale orange.
Orangetint is darker on the actinopharynx vis-
ible though the translucent wall of the scapulus
and the oral disc. Longitudinal whitish lineson
the scapulusrun along thecrest of each scapular
ridge.

Eight longitudinal columnar ridges are
formed by thickened mesogloea (up to 90 um)
and ectoderm (up to 70 um on the crests of the
ridges) between theinsertions of macrocnemes.
Between the ridges both mesogloea and ecto-
derm are thinner (10 and 20 um respectively).
Columnar endoderm is thin (10-15 um) and of
the same thickness beneath and between the

ridges (Fig. 7A, C). Column has no nemathy-
bomes and tenacules. The cuticleisthin and not
stratified, covered by thin mucus-like layer,
closely bearing against the ectoderm and fas-
tened by numerous thin evenly distributed me-
sogloeal strands. Radial musclesof theoral disc
and longitudinal muscles of the tentacles are
ectodermal (Fig. 7 D). Actinopharynx has no
discernible siphonoglyphs and has eight inter-
nal longitudinal ridges, formed by thickened
ectoderm, corresponding to eight macrocnemes
(Fig. 7 E). Mesogloea of the actinopharynx is
thin. Eight macrocnemes, arranged as in Ed-
wardsia, are present along the whole length of
the body and small microcnemes in the capitu-
lumonly (Fig. 7B), at the bases of thetentacles.
Microcnemes of the first cycle (four microc-
nemespairedwithlateral macrocnemes) inmost
distal part are attached to actinopharynx.
Retractor muscles are large, restricted, with
large pennon, with about 2030 muscle pro-
cesses, some of which are branched. On trans-
verse sections retractors are situated close to
actinopharynx and attached to the body wall by
long thinmesenterial lamella(Fig. 7A). Parietal
muscles are well devel oped. On transverse sec-
tionsof the scapulusthey are circumscribed and
form either afan or apennon on each side of the
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Fig. 6. Edwardsiella loveni (Carlgren, 1892). A — formalin preserved specimens, B—C — live specimens
in natural habitat.

Puc. 6. Edwardsiella loveni (Carlgren, 1892). A — sk3emiusipsl, 3adMKcHpoBanHbie B popmanune; B—C —
JKUBBIE 3K3EMILISIPBI B €CTECTBEHHOH cpeie oOuTaHus.

mesentery (Fig. 7A) but in the scapus they may Cnidom includes robust and gracile spiro-
be more diffuse, triangular or oval in outline cysts, heterotrichs, basitrichs, p-mastigophores
(Fig. 7F). A (Table4, Fig. 8, cnidae of the scapus, scapu-
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Fig. 7. Edwardsiella loveni (Carlgren, 1892). A — transverse section through the scapulus; B —
microcnemes of the second cycle in the capitulum; C — transverse section through the scapular ridge with
nematocyst battery in ectoderm; D — transverse section through the tentacle; E — transverse section of
columnonthelevel of theactinopharynx; F— transverse section through the scapusbel ow the actinopharynx.
Puc. 7. Edwardsiella loveni (Carlgren, 1892). A — mnonepeunsiii cpe3 uepe3 ckamyitoc; B — muxpo-
ME3CHTepHH BTOPOro IMKiIa B Kamutymome; C — momepedHslii cpe3 uyepes3 CKalmyJsIpHbI rpedeHb ¢
GaTapeeil HeMaTOLMCT B 9KTOIepMe; D — monepeunslii cpes uepes wrynanblie; E— nonepeunsiii cpes yepes
KOJIFOMH Ha YpPOBHEC TJIOTKH, F— HOHepe‘{HLIﬁ Cpe3 Yepe3 CKaIlyC HUKE I'IOTKHU.

lus and tentacles were studied in three speci- one specimen). Basitrichs on the scapulus are
mens, those of the actinopharynx in two speci- concentrated along the crests of the scapular
mens, those of the filaments and endoderm in  ridges forming a kind of nematocyst battery



First record of two genera of sea anemones from the North Pacific Ocean

EDWARDSIELLA LOVENI
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Fig. 8. Edwardsiella loveni (Carlgren, 1892), distribution of cnidae (see Table 4 for size ranges).
Puc. 8. Edwardsiella loveni (Carlgren, 1892), pacnipenenenue kuu (pasmepbl ykazaHsl B Ta01. 4).

(Fig. 7C). Large thick basitrichs of the column
and tentacles are often somewhat curved. We
identify the capsule from the tentacles depicted
on Fig. 8F as heterotrich since basal part of the
tubulein unfired capsulelookslike astick (5-8
um long) that suggests that either basal part of
the tubule is larger in diameter than the rest of
the tubule, or it has longer barbs. This capsule
probably hasno apical flap and isnot stained by
basal dyes as basitrichs.

HABITAT. All recorded specimens were
attached to bedrock in narrow crevices, not
covered by sand at a depth of about 20 m.

REMARKS. The genus Edwardsiella com-
prises four valid species, none of which was
known previously from the North Pacific.

Edwardsiella loveni was known previously
from origina and subsequent descriptions by
Carlgren (1892, 1893, 1921) based on several
lots of specimensdredged from depths of 90 to
640 m in waters around Sweden and Norway.
Unlike many members of Edwardsiidae the
specimensdo not liveburiedin sediment but are
anchored in crevices of solid objects such as
dead calyces of Lophelia, dead Paragorgia or
other octocorals (Carlgren, 1921). Despite the
large geographic distance between our speci-
mens from British Columbia and previously
known locations, all features of our specimens
correspond well to detailed descriptions provid-
ed by Carlgren (1892, 1893, 1921) and we iden-

tify them as E. loveni. That constitutes the first
record of the species and genus in the North
Pacific. Most probably E. loveni, and other Ed-
wardsiella species, havemuchwider distribution
than might be inferred from existing records,
but the specimens inhabiting crevices in bed-
rock cannot be caught by trawls or dredges.

Other Edwardsiella species include:
Edwardsiellacarnea(Gosse, 1856) isknown
from many records from European seas. It typ-
ically hasfewer tentaclesthan E. loveni, and its
retractor muscles on cross sections are much
weaker and have fewer muscle processes (Car-
Igren, 1921). Thecolour, withits" deep orange”
(Manuel, 1988: 196) or “scarlet-red” (Carlgren,
1921: 62) actinopharynx and inner part of the
oral disc al'so may be characteristic.
Edwardsiella ignota (Carlgren, 1959) is
known only from original descriptionfrom Peru
(Carlgren, 1959). Fautin (2016) lists it among
valid species but states it is “nomen dubium
according to Williams, 1981”, however thereis
no such statement in the paper of Williams
(1981). Original description of E. ignota is
detailed enough and accompanied by figures; it
cannot be regarded as nomen dubium. Accord-
ing to Carlgren (1959) it has 20 or possibly 24
tentacles, i.e. the specieshassignificantly fewer
tentacles than all other Edwardsiella species.
Edwardsiellalineata (Verrill, 1873), known
only from Atlantic coast of North America, was
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Table 5. Estimates of evolutionary divergence between concatenated fragments (12S rRNA, 16S rRNA,
COIll, 18SrRNA, 28SrRNA) of Edwardsia elegans, E. japonica, E. timida, Edwardsiella loveni, and

Nematostella vectensis in family Edwardsiidae.

Tabnuna 5. 3HaueHuUs IBOIIONNOHHON THBEPreHIMH MEeX Ty 00beanHeHHbIMU GparmenTamu (12S
pPHK, 16S pPHK, COIll, 18S pPHK, 28S pPHK) y Edwardsia elegans, E. japonica, E. timida, Ed-
wardsiella loveni n Nematostella vectensis B cemeiictee Edwardsiidae.

Species E.elegans E.japonica E.timida E. loveni N. vectensis
Edwardsia elegans 0,003 0,003 0,004 0,004
Edwardsia japonica 0,041 0,004 0,004 0,005
Edwardsia timida 0,035 0,041 0,004 0,004
Edwardsiella loveni 0,040 0,047 0,048 0,004
Nematostella vectensis 0,051 0,059 0,059 0,057

Note: Pairwise distances between species are under the diagonal, estimates of standard errors are above the diagonal.

3ameuanwue: [lomapHble paccTOSHUS MEXAYy BUAAMH
CTaHIAPTHBIX OMIMOOK — HaJl JIMaroHalbIo.

redescribed by Daly (2002). It typicaly forms
dense compact clustersof many specimens. Ten-
tacles of this species have characteristic white
lines running along their oral sides. Daly (2002)
found unusual long basitrichsin thefilamentsof
E. lineata. Wefailed to find anything similar in
the examined specimens of E. loveni.

The status of fifth nominal speciesincluded
in the genus, E. janthina (Andres, 1881), de-
scribed from Mediterranean Sea, is not clear.
Williams (1981) transferred Edwardsia janthi-
na Andres, 1881 to Fagesia (junior objective
synonym of Edwardsiella). This opinion was
based solely on the picture of Andres (1883)
where anemone is shown protruding from the
holeinrock. Williams (1981) thought it may be
synonymous with Edwardsiella carnea.

Results of molecular analysis

Five gene sequences (mitochondrial 12S
rRNA, 16SrRNA, COIIl, andnuclear 18SrRNA
and 28S rRNA) of Edwardsiella loveni were
concatenated to be compared with available
sequences of other Edwardsiidae. For evolu-
tionary analysisfive concatenated fragments of
Edwardsia elegans (EU190726, EU190770,
GU473338, AF254376, KJ483087), Edward-
sia japonica (GU473274, GU473288,
GU473359, GU473304, KJ483048), Edward-
siatimida (GU473281, GU473299, K J482996,
GU473315, JF832999) and Nematostella vect-

PacnoJIOKEHbI I1OJ OCHOBHOM JAUaroHaJibro, 3HAYCHUA

ensis (EU190750, AY 169370, FJ489501,
AF254382, AY 345871) found inthe nuclectide
database of GenBank were used. Table 5 was
obtained using Tamura-Nei model (MEGA 6.0).
The estimates of evolutionary divergence show
that among the species listed above Edwardsia
elegans is the closest species for E. loveni
(Pairwise Distance — 0,040, Standard Error —
0,004).

One mitochondrial haplotype was detected
among two groupsof Octineon suecicumclones.
Only 16S rRNA fragment of these specimens
was well sequenced. The phylogenetc recon-
struction based on the 16SrRNA mitochondrial
seguences is provided for a number of species
(Fig. 9). The topology of resulted unrooted
phylogramsisidentical, thusonly oneof themis
presented in Fig. 9. Different bootstrap values
for ME/ML/NJwere calculated and Tamura 3-
parameter model (MEGA 6.0) was used. A
phylogenetic analysis shows that O. suecicum
groups with the species belonging to Hormathi-
idae, Actinoscyphiidae, Spongiactinidae, Gala-
theanthemidae and Bathyphellidae (Fig. 9), but
itscladewith Actinaugerichardi (Marion, 1882)
has a weak bootstrap support (60/65/61%, re-
spectively). The possible affinity of Octineo-
nidae with Hormathiidae is supported by some
features of cnidom and morphology, namely by
the presence in both families of acontia with
basitrichs only and development of cuticle on
the scapus.
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Calliactis polypus (FJ489427, USA)
Calliactis tricolor (FJ489425)
Adamsia palliata (FJ489419)
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— Andvakia discipulorum (GU473287)
Nemanthus nitidus (EU190787)
Phellia exlex (JF832978)
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— oo/08/08 Alvinactis chessi (GU473296)
l Cyananthea hourdezi (GU473293)
Kadosactis antarctica (EU190782)
Isanthus capensis (GU473291)
Ostiactis pearseae (EU190798)
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91/87/92| Jasonactis erythraios (GU473289)
Metridium senile (KJ482950)
951941961 \fetridium senile fimbriatum (KT852089)
Halcampa duodecimcirrata (EU190776)
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98/99/98] Halcampoides sp.1 (Kamchatka, Russia)
Halcampoides sp.2 (Kamchatka, Russia)
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wl_‘Aulacﬁnia stella (JQ927444)
Urticina crassicornis (JQ927445)
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Stomphia selaginella (GU473298)
Actinostola chilensis (GU473285)
Actinostola crassicornis (EU190753)
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99/99/1 OOI: Anthosactis janmayeni (GU473292)
Hormosoma scotti (EU190778)

Edwardsiella loveni

96/97/95

ME/ML/NJ
0.01

Fig. 9. Tree resulting from Neighbor Joining (NJ) analysis of 16S rRNA mitochondrial fragments of
Octineon suecicum and Edwardsiella loveni and a number of the species of sea anemones found in the
nucleotide database of GenBank. The phylogram was reconstructed by Tamura 3-parameter model (MEGA
6.0). Numbers on nodes represent bootstrap values calculated by Minimum Evolution (ME) method (rates
among sites — gamma distributed, No of discrete gamma categories — 1, Close-Neighbor-Interchange
heuristic method, Neighbor Joining initial tree, search level — 1, 1000 replicates); Maximum Likelihood





