
Vol.:(0123456789)1 3

https://doi.org/10.1007/s13127-021-00526-8

ORIGINAL ARTICLE

Connected across the ocean: taxonomy and biogeography 
of deep‑water Nudibranchia from the Northwest Pacific reveal 
trans‑Pacific links and two undescribed species

Irina Ekimova1  · Ángel Valdés2 · Maria Stanovova1 · Anna Mikhlina1  · Tatiana Antokhina3  · Tatiana Neretina1 · 
Olga Chichvarkhina4 · Dimitry Schepetov1

Received: 4 May 2021 / Accepted: 20 September 2021 
© Gesellschaft für Biologische Systematik 2021

Abstract
In this paper, we investigate a collection of Northwest Pacific nudibranch molluscs by means of integrative taxonomy, includ-
ing morphological analyses, molecular data from the cytochrome c oxidase subunit I, 16S rRNA, histone H3, 28S rRNA, 18S 
rRNA markers, and ecological data. Two new species, Bathydoris antoni sp. nov. and Dendronotus kurilensis sp. nov., are 
described, and their phylogenetic relationships reconstructed. We also document two potentially new species of the genera 
Cadlina (Cadlinidae) and Cuthona (Fionidae s.l.). For the first time, we report molecular data for the Northwest Pacific 
specimens of Colga pacifica (Polyceridae), Dendronotus patricki (Dendronotidae), Ziminella vrijenhoeki (Paracoryphelli-
dae), and Zeusia herculea (Aeolidiidae). Our molecular data supports the existence of biogeographic connections between 
the shallow water nudibranch fauna and their continental slope counterparts and communities on both sides of the North 
Pacific with possible ongoing gene exchange between fauna of both regions. We found two general types of deep shelf and 
bathyal communities inhabited by nudibranchs in the Northwest Pacific, each characterized by a certain type of fauna and a 
connectivity with different bathymetric and geographic areas.
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Introduction

Among marine ecosystems, deep-water fauna is one of the 
most difficult to study using reasonable sample sizes. A 
number of dedicated expeditions aiming to collect bathyal 
and abyssal organisms have obtained an order of magnitude 
smaller sample sizes than those conducted in shallow waters 
(McClain, 2007). Sampling from great depths is complex, 
and recovered material is often impacted due to pressure 
and temperature differences, as well as physical damage 
inflicted by collecting gear. However, the ocean floor is far 

from being the desert it was originally believed to be, as 
demonstrated by the multitude of newly discovered, highly 
productive communities (Sibuet & Olu, 1998; Van Dover, 
2000); preliminary biodiversity estimates predict between 
0.5 and 10 million species of deep sea macrofauna exists 
(Brandt & Malyutina, 2015; Brandt et al., 2007a, b).

From an evolutionary perspective, deep water ecosystems 
are extremely important to study, as they contain diverse 
faunas composed, at least in part, by ancient groups predat-
ing the Pliocene turnover (Briggs, 2003; Menzies & Imbrie, 
1958; Wilson, 1999; Zenkevitch & Birstein, 1953). Condi-
tions on the ocean floor are far from uniform, and have never 
remained stable for very long; for example temperature, 
salinity, and oxidation levels have changed multiple times 
over the Earth’s history (Horne, 1999; Jacobs & Lindberg, 
1998; Jeppsson, 1990; Rogers, 2000; Waelbroeck et al., 
2001). Groups of organisms living in the deep sea for a long 
time have evolved to meet challenges of environmental 
change (Wilson, 1999). At the same time, there are younger 
groups that colonized deeper waters quite recently and pro-
vide a model to study the different stages of adaptation to 

 * Irina Ekimova 

1 Lomonosov Moscow State University, Moscow, Russia
2 Department of Biological Sciences, California State 

Polytechnic University, Pomona, CA, USA
3 A.N. Severtsov Institute of Ecology and Evolution, Moscow, 

Russia
4 National Scientific Center of Marine Biology, Far Eastern 

Branch RAS, Vladivostok, Russia

/ Published online: 1 November 2021

Organisms Diversity & Evolution (2021) 21:753–782

http://orcid.org/0000-0002-1846-0780
http://orcid.org/0000-0002-9231-0545
http://orcid.org/0000-0002-0857-4186
http://crossmark.crossref.org/dialog/?doi=10.1007/s13127-021-00526-8&domain=pdf


1 3

the novel conditions they encountered (Jablonski & Bottjer, 
1991; Jablonski et al., 1983; Linder et al., 2008; Menzies 
& Imbrie, 1958; Smith & Stockley, 2005). Many unique 
communities assembled in bathyal and abyssal zones, and 
their detailed study enhances our understanding of biogeog-
raphy (Jumars et al., 1990; McClain et al., 2009; Pradillon 
& Gaill, 2007). For example, deep-sea faunal connections 
between different biogeographic provinces and regions are 
of a great interest and link deep water organisms to their lit-
toral and sublittoral counterparts (Baco et al., 1999; Linder 
et al., 2008; Raupach et al., 2009). It turns out that conflict-
ing and controversial hypotheses on the age and origin of 
the deep fauna all appear to be partially true (McClain & 
Hardy, 2010). Paradoxically, while deep sea communities 
appear to be extremely fragmented in isolated sea mounts or 
other suitable habitats separated by long distances and the 
presence of land masses and strong currents, they are much 
more connected than initially estimated (McClain & Hardy, 
2010). Barriers separating deep sea communities appear to 
be semi-permeable, and evidently different groups of organ-
isms overcame some of them at certain points (Vinogradova, 
1997; Zardus et al., 2006). There is also evidence that for 
many bathyal and abyssal animals, dispersal potential at 
the larval stage has been greatly underestimated (Pearse & 
Lockhart, 2004).

The North Pacific region is one of three major marine 
biodiversity origin hotspots, with high numbers of endemic 
taxa (Briggs, 2003). There is a significant interest in deep-
water research in this region, which is an active area of 
ongoing biogeographic studies of pelagic and benthic 
organisms. However, research coverage for different taxa 
is uneven. For instance, hypotheses on migration, fauna 
exchange, and connectivity are rather well tested for fish 
and nektonic organisms (Afonso et al., 2014; Gordeeva, 
2014; Milligan et al., 2020), including those inhabiting 
North Pacific deep waters (Orlov et al., 2020; Orlova et al., 
2019). At the same time, many groups of deep-sea benthic 
invertebrates in this region are poorly known. To mitigate 
this knowledge gap in the Northwest Pacific, ten expedi-
tions of the R/V Vityaz (USSR) were conducted between 
the years 1949–1979 and 1983. More recently, the inter-
national Russian-German collaboration programs SoJaBio 
and KuramBio had an enormous impact on the deep-sea 
fauna biodiversity knowledge (Brandt & Malyutina, 2015; 
Brandt et al., 2015, 2019; Malyutina & Brandt, 2012, 2013; 
Saeedi et al., 2020), resulting in a number of publications on 
the systematics and biogeography of various taxa (Brandt & 
Malyutina, 2015; Malyutina et al., 2018; etc.). However, not 
every taxonomic group was covered in these studies. In par-
ticular, data on nudibranch molluscs of the Northwest Pacific 
deep waters remains scarce, with just a handful of species 
descriptions scattered across several taxonomically focused 
papers (i.e., Volodchenko, 1941; Martynov & Roginskaya, 

2005; Martynov, 2013; Korshunova et al., 2017a, b, 2020a; 
Martynov et al., 2020).

In this study, we report on the species diversity of nudi-
branch molluscs of the Northwest Pacific based on speci-
mens collected in two expeditions, covering the lower shelf 
and bathyal areas off Sakhalin island, the Kuril Islands, and 
Kamchatka, and discuss their ties to both the shallow water 
and the Northeast Pacific bathyal faunas. The goal of this 
paper is to contribute additional data to the known nudi-
branch biodiversity of the region and provide baseline data 
for future studies on the evolution and biogeography of this 
group.

Material and methods

Collection data and community descriptions

Samples were collected in several locations during the fol-
lowing expeditions: (1) R/V “Akademic Lavrentyev” (Rus-
sia) to the Bering Sea, June–July 2018, and (2) R/V “Aka-
demic Oparin” (Russia) to the Sea of Okhotsk, July–August 
2019, at depths of 200–900 m (Fig. 1; Table S1). In the 
first survey, specimens were photographed underwater by a 
deep-water remotely operated vehicle (ROV), taken by ROV 
manipulators, and placed into specialized plastic boxes for 
transport to the surface. In the field laboratory, specimens 
were photographed again from their dorsal and ventral sides. 
Specimens found in the second survey were collected by an 
Agassiz trawl (AGT) and then photographed in the lab. All 
specimens were fixed in 96% EtOH and stored at −20 °C to 
prevent DNA degradation. Data on biological communities 
in sampling locations was collected using ROV photos (1), 
or by visual inspection of dominant species collected by the 
AGT (2). Voucher specimens are deposited in the collections 
of the National Scientific Center of Marine Biology (voucher 
numbers will be provided after the first revision according 
to rules of the collection). Detailed sampling localities and 
voucher numbers for each specimen are given in Table S1.

Morphological studies

All collected specimens were used for the examination of 
their external morphology under a stereomicroscope. The 
internal morphology of 13 specimens was also examined, 
including the digestive and reproductive systems. The 
buccal mass of each specimen was extracted and soaked 
in proteinase K solution for 2 h at 60 °C to dissolve con-
nective and muscle tissues. The radula and the jaws were 
rinsed in distilled water, air-dried, mounted on an alumin-
ium stub, and sputter-coated with gold for visualization 
under a JEOL JSM 6380 scanning electron microscope 
(SEM). Features of the jaws were examined by optical 
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stereomicroscopy and SEM on Tescan Vega TS5130MM 
(Tescan, Czech Republic) and CamScan S2 (Cambridge). 
For the study of the reproductive system, specimens were 
dissected from the dorsal side along the midline and exam-
ined under a stereomicroscope.

DNA extraction, amplification, and sequencing.

Total genomic DNA was extracted from tissue samples 
preserved in 96% EtOH (Table S1) following the inver-
tebrate protocol of the Canadian Center for DNA Bar-
coding (Ivanova et al., 2006). Extracted DNA was used 
as a template for amplification of partial mitochondrial 
cytochrome c oxidase subunit I and 16S rRNA and nuclear 
histone H3 and 28S rRNA; additionally for one species of 
the genus Dendronotus, we obtained partial 18S rRNA. 
Reaction conditions and primers are available in Table 1. 
Polymerase chain reactions were performed with an “HS 
Taq” kit (Eurogen Lab, Russia), following the manufac-
turer’s protocol.

For sequencing, 2 μL of amplicons was purified by 
EtOH + ammonium acetate precipitation (Osterburg et al., 
1975) and used as a template for the sequencing reactions 
with a BigDye Terminator v3.1 sequencing kit by Applied 
Biosystems. Sequencing reactions were analyzed using an 
ABI 3500 Genetic Analyser (Applied Biosystems). All novel 
sequences were submitted to NCBI GenBank (Table S2).

Data processing and phylogenetic reconstruction

All raw reads for each gene were assembled and checked for 
ambiguities and low-quality data in Geneious R10 (Kearse 
et al., 2012). Edited sequences were verified for contamina-
tion using the BLAST-n algorithm run over the GenBank 
nr/nt database (Altschul et  al., 1990). For phylogenetic 
reconstruction, datasets obtained in previous studies on the 
following representative groups were incorporated in the 
analyses: Bathydoris (Mahguib & Valdés, 2015), Cadlina 
(Do et al., 2020; Korshunova et al., 2020b), Tritonia (Kors-
hunova & Martynov, 2020; Moles et al., 2021; Valdés et al., 
2018), Dendronotus (Ekimova et al., 2019; Korshunova 
et al., 2017c, 2020a), Ziminella (Korshunova et al., 2017a; 
Valdés et al., 2018), Cuthona (Cella et al., 2016; Chich-
varkhin et al., 2016; Korshunova et al., 2018), and Zeusia 
(Korshunova et al., 2017b; Valdés et al., 2018). For species 
of Colga, only a BLAST-n search was done, since molecular 
data for this genus is very limited. Original data and pub-
licly available sequences were aligned with the MUSCLE 
(Edgar, 2004) algorithm in MEGA 7 (Kumar et al., 2016). 
Additionally, all protein-coding sequences were translated 
into amino acids to verify reading frames and check for stop 
codons. Saturation was checked by plotting for all speci-
mens including outgroup the total number of pairwise dif-
ferences (transitions and transversions) against uncorrected 
p-distances. For the COI and H3 fragments, saturation 
was further examined separately for the first, second, and 

Fig. 1  Map of the Northwest Pacific representing collection sites and respective nudibranch species found
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third codon positions. Indel-rich regions of the 16S align-
ment were identified and removed in Gblocks 0.91b (Tala-
vera & Castresana, 2007) with the least stringent settings. 
Sequences were concatenated by a simple biopython script 
following Chaban et al. (2019a). Phylogenetic reconstruc-
tions were conducted for the concatenated multi-gene parti-
tioned datasets. The best-fit nucleotide evolution model for 
MrBayes phylogeny reconstruction method was selected in 
ModelTest-NG v0.1.7 (Darriba et al., 2020; Flouri et al., 
2014). Multi-gene analyses were done by applying evolu-
tionary models separately to partitions representing single 
markers. The Bayesian phylogenetic analyses and estimation 
of posterior probabilities were performed in MrBayes 3.2 
(Ronquist & Huelsenbeck, 2003). Markov chains were sam-
pled at intervals of 500 generations. The analysis was initi-
ated with a random starting tree and ran for  107 generations. 
Best-fit models for each gene dataset and fragment length 
(bp) are shown in Table S3. Maximum likelihood phylog-
eny inference was performed in the HPC-PTHREADS-AVX 
option of RaxML HPC-PTHREADS 8.2.12 (Stamatakis, 
2014) with 1000 pseudoreplicates under the GTR CAT  model 
of nucleotide evolution. Bootstrap values were placed on the 
best tree found with SumTrees 3.3.1 from DendroPy Phy-
logenetic Computing Library 3.12.0 (Sukumaran & Holder, 
2010). Final phylogenetic tree images were rendered in 

FigTree 1.4.0 and further modified in Adobe illustrator CS 
2015. Uncorrected p-distances were calculated based on COI 
alignments in MEGA 7 (Kumar et al., 2016).

Haplotype networks

Haplotype networks based on the COI dataset were con-
structed using PopART 1.7 (http:// popart. otago. ac. nz) 
(Leigh & Bryant, 2015) with the TCS network algorithm 
(Clement et al., 2002) and a connection limit of 5%. Result-
ing networks were edited in Adobe illustrator CS 2015 to 
highlight certain features. For Dendronotus patricki, the 18S 
dataset was also examined.

Nomenclatural acts

The electronic edition of this article conforms to the require-
ments of the amended International Code of Zoological 
Nomenclature (ICZN), and hence, the new names contained 
herein are available under that Code from the electronic edi-
tion of this article. This published work and the nomen-
clatural acts it contains have been registered in ZooBank, 
the online registration system for the ICZN. The ZooBank 
LSIDs (Life Science Identifiers) can be resolved and the 
associated information viewed through any standard web 

Table 1  Amplification and sequencing primers and PCR conditions

Marker Primers PCR conditions Reference

Cytochrome c 
oxidase subu-
nit I

LCO1490
GGT CAA CAA ATC ATA AAG ATA TTG G
HCO2198
TAA ACT TCA GGG TGA CCA AAA AAT CA

5 min—94 °C, 35 × [15 s—95 °C, 45 s—45 °C, 
1 min—72 °C], 7 min—72 °C

Folmer et al. (1994)

16S rRNA 16Sar-L
CGC CTG TTT ATC AAA AAC AT
16S R
CCG RTY TGA ACT CAG CTC ACG 

5 min—94 °C, 35 × [20 s—95 °C, 30 s—52 °C, 
45 s—72 °C], 7 min—72 °C

Palumbi et al. (1996) 
Puslednik and Serb 
(2008)

Histone H3 H3AF
ATG GCT CGT ACC AAG CAG ACV GC
H3AR
ATA TCC TTR GGC ATR ATR GTG AC

5 min—94 °C, 35 × [15 s—94 °C, 30 s—50 °C, 
45 s—72 °C], 7 min—72 °C

Colgan et al. (1998)

28S rRNA 28SC1
ACC CGC TGA ATT TAA GCA T
28SC2
TGA ACT CTC TCT TCA AAG TTC TTT TC

5 min—94 °C, 35 × [15 s—94 °C, 30 s—50 °C, 
45 s—72 °C], 7 min—72 °C

Lê et al. (1993)

18S rRNA 1F
TAC CTG GTT GAT CCT GCC AGT AG
5R
CTT GGC AAA TGC TTT CGC 
3F
GTT CGA TTC CGG AGA GGG A
18Sbi
GAG TCT CGT TCG TTA TCG GA
18Sa2.0
ATG GTT GCA AAG CTG AAA C
9R
GAT CCT TCC GCA GGT TCA CCT AC

5 min—94 °C, 35 × [30 s—94 °C, 30 s—49 °C, 
1 min—72 °C], 7 min—72 °C

Giribet et al. (1996);
Whiting et al. (1997)
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browser by appending the LSID to the prefix “http:// zooba 
nk. org/”. The LSID for this publication is: urn:lsid:zoobank.
org:pub:6A397FB3-2799-4A1C-A0A2-11B2190DCE08.

Results

Our molecular and morphological results (see below) 
revealed 12 nudibranch species belonging to genera Bathy-
doris, Cadlina, Colga, Tritonia, Dendronotus, Cuthona, 
Ziminella, and Zeusia. Of those, two species are new to 
science and are described herein. Additionally, Cadlina sp. 
and Cuthona sp. likely represent two new species but lim-
ited morphological and/or molecular data does not allow 
us to provide formal species descriptions, so they will 

remain unnamed until new material becomes available for 
study. For described species which identity was confirmed 
by morphological and molecular data, we provide only 
brief descriptions; the new species are described in full.

Systematics
Order Nudibranchia Blainville, 1814
Suborder Doridina Odhner, 1934
Superfamily Bathydoridoidea Bergh, 1891
Family Bathydorididae Bergh, 1891
Genus Bathydoris Bergh, 1884
Bathydoris antoni sp. nov.
urn:lsid:zoobank.org:act:F79336D3-0ADE-428C-AE0A-
DD0052AAD739
(Figs. 2 and 3A, B)

Fig. 2  Bathydoris antoni sp. 
nov, holotype MIMB 42229, 
external morphology and 
SEM micrographs of internal 
morphology. A, dorsal view. 
B, ventral view. C, lateral view 
from left. D, lateral view from 
right. E, jaw plate. F, radula. 
G, anterior radular portion. 
H, details of denticulation in 
rachidian and innermost lateral 
teeth. I, inner and middle lateral 
teeth. Scale bars: A–D, 5 mm; 
E, F, 500 µm; G, I, 100 µm; 
H, 50 µm. Living photos by 
Anastassya Maiorova
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Type material: Holotype MIMB 42229, Sea of Okhotsk, 
Raikoke Is., 48°19′7″ N, 153°09′9″ E, depth 241–400 m, 
August 18, 2019, R/V Akademik Oparin.

Type locality: Sea of Okhotsk, Raikoke Is., 48°19′7″ N, 
153°09′9″ E, depth 241–400 m.

Etymology: This species is named in memoriam of our 
friend and colleague Dr. Anton Chichvarkhin, Russian 
marine biologist and researcher of invertebrate systematics 
and phylogenetics. His professional contributions greatly 
improved the knowledge on the Far East marine molluscan 

fauna. His passion for science and sea slug systematics was 
an inspiration for many of us, and he will be greatly missed.

External morphology (Fig.  2A–D): Living specimen 
23 mm in length, body elongate-oval, elevated. Body tex-
ture soft, lacking spicules. Numerous swollen papillae with 
pointed tips of different sizes on lateral margins of notum, 
most autotomized. Central dorsal surface lacks papillae. 
Anterior end of notum with 18 conical papillae, about twice 
as long as the notal papillae. Rhinophores near anterior edge 
of notum, with wide base, conical, perfoliated with 24–26 

Fig. 3  Reproductive system. A, Bathydoris antoni sp. nov., general 
view. B, Bathydoris antoni sp. nov., male part and female gland mass 
partly removed. C, Dendronotus patricki, MIMB 42240. D, Den-
dronotus kurilensis sp. nov., paratype MIMB 42238. Abbreviations: 

amp, ampulla; bc, bursa copulatrix; bcd, bursa copulatrix duct; dvd, 
distal vas deferens; fgm, female gland mass; hd, hermaphroditic duct; 
ov, oviduct; p, penis; pr, prostate; psh, penile sheath; pvd, proximal 
vas deferens; rs, receptaculum seminis; va, vagina; vd, vas deferens

I. Ekimova et al.758
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lamellae. Four bipinnate branchial leaves near posterior 
dorsal end. Anal papilla very prominent, situated behind 
branchial leaves. Buccal area projects from anterior end 
and bear two conical oral tentacles. Foot irregularly folded, 
extending posteriorly and laterally beyond notal edge.

Color (Fig. 2A–D): Background color from creamy-white 
to pale pink with light-orange body surface on anterior and 
posterior parts of notum and upper parts of foot. Foot light 
orange. Rhinophoral bases and branchial leaves intense 
orange. Rhinophores ochre in color. Papillae semitranspar-
ent white with subapical orange pigment rings.

Anatomy: Buccal mass strongly muscular, oval. Two 
thin elongated salivary glands occupy first 1/3 part of body, 
insert into buccal bulb near esophagus opening. Posteriorly 
esophagus connects with muscular gizzard possessing inter-
nal digitiform folds. Jaws large, strong, triangular chitin-
ous plates lacking denticles and rodlets (Fig. 2E). Radular 
formula 30 × 33.1.33 (Fig. 2F). Rachidian teeth elongate-
triangular, with strong base, cusp small, compressed with 
3–6 denticles on each side (Fig. 2G, H). Number of denticles 
often asymmetric. Innermost lateral teeth smallest, triangu-
lar, with strong base and wide conical cusp, denticulation 
asymmetric, 2–3 denticles on inner side and 5–7 denticles 
on outer side. Morphology of lateral teeth slightly changes 
from inner to outer teeth, second inner tooth has wide coni-
cal cusp, 3–4 denticles on outer side, but lacks denticles on 
inner side; next, tooth has triangular cusp and 5–6 denticles 
at base (Fig. 2I). Outer teeth with very small denticles (2–3) 
near tooth base and blade-like triangle cusps.

Studied specimen was not fully mature. Ampulla long, 
convoluted, branched into very short bent oviduct and vas 
deferens (Fig. 3A, B). Prostatic vas deferens very long and 
convoluted, widens into small bulbous ejaculatory portion, 
possibly undeveloped in specimen examined. Bulbous trans-
parent bursa copulatrix with wide convoluted duct connects 
to vagina. Female gland mass complex including a large 
gland with many internal loops and another glandular por-
tion below.

Molecular data: Among Bathydorididae only sequences 
of two species are present in GenBank: Bathydoris clavigera 
Thiele, 1912 and B. aioca Er. Marcus & Ev. Marcus, 1962; 
therefore, a comprehensive molecular phylogenetic study 
was not possible. Nevertheless, our analysis based on four 
markers (COI, 16S, H3, 28S; see Fig. 4A) places our new 
species in a highly supported clade (PP = 1), as sister species 
to B. clavigera and B. aioca (PP = 0.92).

Biology: The ecological community was represented by 
a substrate composed of remains of dead barnacles, with 
fragmentary hydrozoans and Octocorallia, and less common 
sponges and ophiuroids.

Remarks: Bathydoris antoni sp. nov. is here placed 
in the genus Bathydoris based on the presence of shared 
traits between this species and other members of the genus 

described in Valdés (2002), specifically the possession of 
autotomizable papillae on the dorsum, large perfoliate rhino-
phores, non-retractable gill and a protruding buccal area with 
two large conical oral tentacles. No other dorid nudibranch 
group possesses this combination of traits. Moreover, the 
molecular phylogenetic analysis conforms that all species of 
Bathydoris sequenced to date, including B. antoni sp. nov., 
form a monophyletic group. At the same time, Bathydoris 
antoni sp. nov. is clearly distinguishable from other species 
of Bathydoris described to date. Four other species of Bathy-
doris are known from the Pacific Ocean proper, including 
the northwestern Pacific species B. japonensis Hamatani 
& Kubodera, 2010, known only from northern Japan, the 
Northeastern Pacific species B. aioca, which ranges from 
Baja California to Oregon, and the tropical Indo-Pacific spe-
cies B. abyssorum Bergh, 1884, and B. spiralis Valdés, 2002. 
Both B. japonensis and B. aioca are clearly distinguishable 
from Bathydoris antoni sp. nov. in several regards. Bathy-
doris japonensis and B. aioca lack denticles on the rachid-
ian and lateral radular teeth (Hamatani & Kubodera, 2010; 
Valdés & Bertsch, 2000), which are present in B. antoni 
sp. nov. Moreover, the reproductive anatomy of these three 
species is clearly distinct, with B. japonensis and B. aioca 
having a much longer ampulla, as well as a larger, coni-
cal penis (Hamatani & Kubodera, 2010; Valdés & Bertsch, 
2000), all these organs being much smaller in B. antoni sp. 
nov. Because the specimen of B. antoni sp. nov. here exam-
ined was not fully mature, organ sizes could be unreliable 
for comparison, but the shape of the penis and the radular 
morphology should be taxonomically useful traits. Finally, 
genetically, there is an 11.94% sequence divergence in 16S 
between B. antoni sp. nov. and B. aioca, but there is no data 
for B. japonensis.

Of the tropical species, B. spiralis is very different from 
B. antoni sp. nov. as it has an extremely long deferent duct 
and very short, triangular rachidian teeth (Valdés, 2002), 
lacking the characteristic denticles of B. antoni sp. nov., and 
B. abyssorum has smooth lateral teeth, lacking denticles 
and a rachidian tooth with only one denticle (Valdés, 2002), 
again very different from B. antoni sp. nov.

Bathydoris antoni sp. nov. is the second species of Bathy-
doris described from the northwestern Pacific Ocean and 
only the eighth valid species described in this genus. Two 
additional species of Bathydoris are endemic to Antarctic 
and subantarctic waters (Bathydoris hodgsoni Eliot, 1907 
and B. clavigera) and one more to the North Atlantic (Bathy-
doris ingolfiana Bergh, 1899). Bathydoris is probably para-
phyletic (Valdés, 2002), and some authors have placed B. 
clavigera in the genus Prodoris Baranetz & Minichev, 1995 
(Hallas et al., 2017). Based on the results of the molecular 
phylogeny presented here (Fig. 4A), if B. antoni sp. nov. 
is included in Bathydoris, there is no support for Prodoris 
as distinct from Bathydoris. Therefore, we regard Prodoris 
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as a synonym of Bathydoris. But this question, as well as 
the monophyly of Bathydoris, requires further work and 
the inclusion of additional species in the molecular analy-
sis, particularly B. spiralis as it is morphologically more 
divergent.

Superfamily Chromodoridoidea Bergh, 1891
Family Cadlinidae Bergh, 1891
Genus Cadlina Bergh, 1879
Cadlina sp.
(Fig. 5)

Fig. 4  Molecular phylogenetic reconstructions of studied groups. A, 
genus Bathydoris, Bayesian inference, concatenated dataset of four 
markers (COI + 16S + H3 + 28S). B, genus Cadlina, maximum likeli-
hood, concatenated dataset of four markers (COI + 16S + H3 + 28S), 
species-level clades and outgroups (Dendrodoris and Aldisa) are 
collapsed to a single branch. C, genus Tritonia, maximum likeli-

hood, concatenated dataset of four markers (COI + 16S + H3 + 28S), 
species-level clades and outgroups are collapsed to a single branch, 
except target species. Numbers above branches indicate posterior 
probabilities from Bayesian inference, numbers below branches, boot-
strap support from maximum likelihood
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Material studied: MIMB 42230, Sea of Okhotsk, Iturup 
Is., 45°44′6″ N, 148°33.7′ E, depth 263–273 m, August 19, 
2019, R/V Akademik Oparin, 1 specimen.

External morphology (Fig. 5A): Living specimen 24 mm 
in length. Notum large, oval, rounded at its anterior and pos-
terior ends. Rhinophores tubular, perfoliated with 14 lamel-
lae, rhinophoral sheath rim with small tubercles. Notum 
bears numerous small tubercles, larger tubercles also com-
mon among small ones. Subepidermal small yellow glands 
on lateral sides of notum. Eight multi-pinnate branchial 
leaves surround anal opening, retract in gill cavity. Foot 
broad, not extending to notal edge.

Color (Fig. 5A): Background color milky-white, semi-
transparent. Pink portions of digestive system and darker 
parts visible through body wall. Rhinophores and branchial 
leaves yellowish beige. Small subapical glands light yellow.

Anatomy: Large buccal complex, salivary glands thin 
and narrow. Jaws formed by oval labial disk bearing rod-
shaped labial cuticular elements, tips bifurcated (Fig. 5B, 
C). Radular formula 79 × 34.1.34 (Fig. 5D). Rachidian 
tooth with triangular base, rounded at top, bear 4–6 den-
ticles (Fig. 5E). Innermost lateral teeth with wide base 
and strong conical cusp, bearing 2–3 inner and 4–6 outer 

denticles (Fig. 5E). Morphology of lateral teeth slightly 
changes from inner teeth to outer, second inner lateral 
teeth lack denticles on inner side, number of outer den-
ticles increases toward outer teeth (Fig. 5F). Last outer 
lateral teeth elongated, hook-shaped, with 17–20 denticles 
(Fig. 5G).

Reproductive system triaulic. Ampulla wide, folded, vas 
deferens moderately long with distinct widened prostatic 
part. Both bursa copulatrix and receptaculum seminis oval 
in shape, vagina narrow. Penis with hooks.

Molecular data: On the phylogenetic tree of the genus 
Cadlina (Fig. 4C) based on three markers (COI, 16S, 28S) 
the studied specimen forms a singleton that is sister to C. 
paninae Korshunova, Fletcher, Picton, Lundin, Kashio, N. 
Sanamyan, K. Sanamyan, Padula, Schrödl & Martynov, 
2020 (PP = 0.9, ML = 89). The p-distance between Cadlina 
sp. and C. paninae comprises 5.1%, between Cadlina sp. and 
C. kamchatica Korshunova, Picton, Sanamyan & Martynov, 
2015 or C. laevis (Linnaeus, 1767) — 5.4%.

Distribution: This species is only known from Iturup Is.
Biology: This species was found in species-rich commu-

nity of gravel sand, including numerous sponges, hydrozo-
ans, annelids, echinoderms, and crustaceans.

Fig. 5  Cadlina sp. MIMB 
42230, external morphol-
ogy and SEM micrographs of 
internal morphology. A, dorsal 
view of living specimen, ca. 
15 mm in length. B, labial 
cuticle. C, details of labial 
cuticle. D, radula. E, rachid-
ian and innermost lateral teeth. 
F, inner lateral teeth. G, outer 
lateral teeth. Scale bars: A, 
5 mm; B, D, 300 µm; C, 10 µm; 
E–G, 30 µm. Living photo by 
Anastassya Maiorova
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Remarks: Several recent studies on Cadlina diversity 
revealed a high number of new species described from 
the North Pacific: Cadlina kamchatica, C. umiushi Kor-
shunova, Picton, Sanamyan & Martynov, 2015, C. pani-
nae, C. japonica Baba, 1937 (Korshunova et al., 2020b; 
Martynov et al., 2015), C. koreana T. D. Do, D.-W. Jung, 
H.-J. Kil & C.-B. Kim, 2020 (Do et al., 2020) and C. 
olgae Chichvarkhin 2016. The latter species was further 
regarded as a junior synonym of C. umiushi (Chich-
varkhin, 2016; Korshunova et al., 2020b). All these spe-
cies inhabit shallow water except C. japonica, which has 
wide bathymetric range from 5 to 350 m in depth (Kor-
shunova et al., 2020b). The here specimen of Cadlina 
sp. described herein represents a separate lineage on the 
Cadlina phylogenetic tree, being sister to C. paninae, 
another species recently described from the Kuril Islands. 
From this species, Cadlina sp. differs by the morphology 
of the rachidian tooth, which is much slender in C. pani-
nae and has asymmetrical denticles on each side. On the 
other hand, Cadlina sp. is similar in radular characters 
to another phylogenetically close species Cadlina laevis 
(inhabits the North Atlantic and the Arctic), but the latter 
species has more bright yellow glands on the notum. The 
reproductive system of Cadlina sp. is similar two both C. 
laevis and C. paninae. Taking into account the high level 
of variation in radular characters recently shown for C. 
laevis (Korshunova et al., 2020b) and limited material 
studied on both morphological and molecular levels, we 
suggest that further studies are needed to confirm the spe-
cies status of the deep-sea Cadlina specimen.

Superfamily Polyceroidea Alder & Hancock, 1845
Family Polyceridae Alder & Hancock, 1845
Genus Colga Bergh, 1880
Colga pacifica (Bergh, 1894)
(Fig. 6)

Material studied: MIMB 42231, Sea of Okhotsk, Shi-
ashkotan Is., 48°48′3″ N, 154°17′7″ E, depth 285–304 m, 
August 12, 2019, R/V Akademik Oparin, 2 specimens.

External morphology (Fig. 6A, B): Length of studied 
specimens up to 22 mm. Body elongated. Dorsal side of 
notum with three distinct rows of papillae, and additional 
row of papillae on each notal lateral edge. Sides of hypono-
tum with small papillae. Oral veil with ~ 20 papillae. Rhino-
phores bear up to 28 lamellae. Five multipennate branchial 
leaves surrounding anal opening.

Color (Fig. 6A, B): Notum, rhinophores and branchial 
leaves orange, foot yellowish white.

Anatomy: Radular formula 16 × 5–6.1.1.1.1.1.5–6 
(Fig. 6C). Rachidian tooth rectangular, plate-like. Innermost 
lateral tooth narrow with beak-shaped curved top. Second 
innermost lateral tooth broad with rectangular base, beak-
shaped top and additional lobe-shaped process at middle 
part. Outer lateral teeth rectangular plates lacking processes 
or denticles. Reproductive system triaulic. Ampulla wide, 
folded. Lobe-shaped, large bursa copulatrix, receptaculum 
seminis small oval muscular sac. Vas deferens long and con-
voluted, its prostatic part rather indistinct. Penis with hooks.

Molecular data: A BLAST-n search of COI sequence 
(GenBank accession number is MZ782097) resulted 93% 
identical to three sequences of Colga villosa (Odhner, 1907) 
(KU695600-02), thus confirming distinctness of C. pacifica.

Distribution: North Pacific (Unimak Is., Alaska) and 
Northwest Pacific from Commander Islands to Southern 
Kuril Islands, 14–1020 m in depth (Bergh, 1894; Martynov, 
1993; Martynov & Baranets, 2002; Volodchenko, 1941).

Biology: This species was found in species-rich commu-
nity of gravel sand and rocks, with echinoderms, sponges, 
and large ascidians as common constituents.

Remarks: This species is a common component of the 
Kuril Islands communities (Martynov & Baranets, 2002; 
Martynov et al., 2016). Another species in the Northwest 

Fig. 6  Colga pacifica (Bergh, 
1894) MIMB 42231, external 
morphology and SEM micro-
graphs of internal morphology. 
A, B, living specimens. C, mid-
dle radular portion. Scale bars: 
A, B, 5 mm, C, 500 µm. Living 
photo by Anastassya Maiorova
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Pacific, Colga minichevi Martynov  & Baranets, 2002, 
inhabits shallow waters above 140 m depth (Martynov & 
Baranets, 2002; Martynov et al., 2016). This species differs 
from C. pacifica by its external morphology (6–8 rows of 
papillae on notum, smooth foot edge), coloration (pale white 
with ochre rhinophores and opaque white pigment on papil-
lae), and in internal features (the rachidian tooth is absent, 
elongated lateral teeth).

Suborder Cladobranchia William & Morton, 1984
Superfamily Tritonioidea Lamarck, 1809
Family Tritoniidae Lamarck, 1809
Genus Tritonia Cuvier, 1798
Tritonia tetraquetra (Pallas, 1788)
(Fig. 7)

Material studied: MIMB 42246, Bering Sea, 55°22′14.9″ 
N, 167°16′1.2″ E, depth 895 m, June 17, 2018, R/V Akade-
mik Lavrentyev, 1 specimen. MIMB 42247, Sea of Okhotsk, 
Simushir Is., 47°15′4″ N, 152°10′0″ E, depth 205–222 m, 
July 03, 2019, R/V Akademik Oparin, 1 specimen. MIMB 
42248, Sea of Okhotsk, Urup Is., 46°15′9″ N, 150°15′4″ 
E, depth 450–460 m, July 05, 2019, R/V Akademik Opa-
rin, 1 specimen. MIMB 42249, Sea of Okhotsk, Iturup 

Is., 45°44′6″ N, 148°34′0″ E, depth 264–270 m, July 07, 
2019, R/V Akademik Oparin, 1 specimen. MIMB 42250, 
Sea of Okhotsk, Shiashkotan Is., 48°45′4″ N, 154°11′6″ E, 
depth 498–516 m, August 15, 2019, R/V Akademik Opa-
rin, 1 specimen. MIMB 42251, Sea of Okhotsk, Raikoke 
Is., 48°19′7″ N, 153°09′9″ E, depth 245–247 m, August 16, 
2019, R/V Akademik Oparin, 1 specimen. MIMB 42252, 
Sea of Okhotsk, Urup Is., 46°16′7″ N 150°16′5″ E, depth 
227–210 m, August 18, 2019, 1 specimen. MIMB 42253, 
Sea of Okhotsk, Iturup Is., 45°44′6″ N, 148°33′7″ E, depth 
263–273 m, August 19, 2019, R/V Akademik Oparin, 1 
specimen.

External morphology (Fig. 7A, B, D): Length of studied 
specimens up to 200 mm. Body elongate, relatively narrow, 
tapering towards posterior end. Up to 17 tripinnate branched 
dorsolateral appendages. Dorsal surface smooth to slightly 
rugose. Up to 16 conical appendages on oral veil. Rhino-
phores elongate and narrow, surrounded by 5–6 tripinnate 
papillae. Rhinophoral sheaths low, simple. Anal opening on 
right side, mid-length, reproductive opening on right side, 
at anterior 1/4 of body length.

Color (Fig. 7A, B, D): Background color white, accom-
panied by intense orange or yellow-orange pigmentation. 
Rhinophores from white to yellow. Dorsolateral appendages 

Fig. 7  Genus Tritonia, external 
morphology and SEM micro-
graphs of internal morphology. 
A, Tritonia tetraquetra MIMB 
42248. B, Tritonia tetraquetra 
MIMB 42249. C, Tritonia pso-
loides MIMB 42245 in natural 
environment collected by ROV. 
D, Tritonia tetraquetra MIMB 
42246 in natural environment; a 
specimen is marked by a white 
arrow. E, Tritonia tetraquetra 
MIMB 42246, rachidian and 
inner lateral teeth. F, Tritonia 
tetraquetra MIMB 42246, 
middle lateral teeth. G, Tritonia 
tetraquetra MIMB 42246, 
outer lateral teeth. Scale bars: 
A, B, 5 mm. E, F, 100 µm; 
G, 200 µm. Living photos by 
Anastassya Mayorova and team 
of ROV “Komanch”
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white, sometimes with opaque white pigment on bifurcated 
tips.

Anatomy: Large muscular buccal complex, jaws elon-
gated plates, two large salivary glands. Radular formula 
52 × 58.1.58. Rachidian tooth broad, central cusp triangular 
and broad, with 2 denticles on each side (Fig. 7E). Lateral 
teeth hook-shaped, lacking denticles (Fig. 7F, G). Ampulla 
large, convoluted. Prostatic vas deferens narrow, expanding 
to massive copulative organ. Seminal receptacle small, oval.

Molecular data: On the phylogenetic reconstruction 
based on three markers (COI, 16S, H3) studied, specimens 
are genetically identical to Tritonia tetraquetra from the 
Northeast Pacific and Kamchatka (ML = 99; PP = 1) with 
minor intraspecific variation (Fig. 4C). This lineage is sister 
to the Tritonia psoloides Aurivillius, 1887 clade (ML = 87; 
PP = 1).

Biology: This species was found in many localities with 
different species composition. In the Bering Sea, it was on 
rocky gravel sand in the vicinity of methane seeps. Domi-
nant benthic species included demosponges, anemones 
Cribrinopsis sp. and Amphianthus sp., gorgonians Swiftia 
pacifica (Nutting, 1912) and Isididae, alcyonarians Clavu-
laria sp. Many shrimps, ophiuroids, crabs Munidae, antho-
zoans Paragorgia sp., and ascidians Styelidae were found 
on large rocks. In the Sea of Okhotsk, all stations were com-
posed of different bottom sediments (muddy sand, gravel 
sand, rocks) and included a large number of sponges, hydro-
zoans, gorgonians, and alcyonarians.

Tritonia psoloides Aurivillius, 1887
(Fig. 7C)

Material studied: MIMB 42245, Bering Sea, 61°10′40.1″ 
N, 174°52′14.9″ E, depth 418 m, June 28, 2018, R/V Aka-
demik Lavrentyev, 1 specimen.

External morphology: Body length up to 280 mm. Body 
elongate, broad, tapering towards posterior end. Up to 18 bi- 
or tripinnate branched dorsolateral appendages. Dorsal side 
smooth to slightly rugose. Seventeen conical appendages on 
oral veil. Rhinophores elongate and narrow, surrounded by 
6 tripinnate papillae. Rhinophoral sheaths low, simple. Anal 
opening on right side mid-length, reproductive opening on 
right side at anterior 1/4 of body length.

Color: Uniform milky-white with opaque-white tips of 
appendages.

Internal morphology: The single specimen was not available 
for study of internal morphology since this large formalin-fixed 
specimen is a part of permanent exposition in the Museum of 
National Scientific Center of Marine Biology.

Molecular data: On the phylogenetic reconstruction 
based on three markers (COI, 16S, H3), the specimen here 
examined is genetically identical to Tritonia cf. psoloides 
(CASIZ181055) from the eastern part of the Bering Sea 

(ML = 70; PP = 1) (Fig. 4C). This lineage is sister to the 
Tritonia tetraquetra clade (ML = 87; PP = 1). The p-distance 
in COI marker between these two species ranges between 
8.1 and 9.1%.

Distribution: So far only known from the Bering Sea, 
140–418 m depth (Korshunova & Martynov, 2020; present 
study).

Biology: Community of sea urchins Brisaster latifrons 
(A. Agassiz, 1898). Local seep activity, marked by bacterial 
tufts and dark bioturbated sediments. Common components 
of this community include anemones of the genus Monactis 
and the families Actinostolidae and Sagartiidae, as well as 
hermit crabs and gastropods. Sea pens are absent from active 
seep sites; however, they are very abundant components of 
their distant vicinity.

Remarks: The morphological data of the type speci-
men of T. psoloides were given in a recent comprehensive 
review of the family Tritoniidae (Korshunova & Martynov, 
2020). Since this species was described from the Bering 
Sea (61°45′N 180°W), and a specimen genetically distinct 
from T. tetraquetra was found in the same sea, it was sug-
gested to retain the species name T. psoloides as valid for that 
specimen. Although we were not able to study the internal 
morphology, our specimen matches T. psoloides type speci-
men in external morphology and coloration (Korshunova & 
Martynov, 2020) and was collected close to the type locality 
of this species (appr. 250 km). Also, our specimen is similar 
genetically to GB specimen identified as Tritonia cf. psolo-
ides from the Bering Sea. Therefore, we conclude that our 
data agrees with Korshunova and Martynov (2020) view and 
T. psoloides is regarded a valid species.

Superfamily Dendronotoidea Allman, 1845
Family Dendronotidae Allman, 1845
Genus Dendronotus Alder & Hancock, 1845
Dendronotus dalli Bergh, 1879
(Fig. 8)

Material examined: MIMB 42233, Sea of Okhotsk, Urup 
Is., 46°16′7″ N 150°16′5″ E, depth 227–210 m, August 
18, 2019, 1 specimen, 29 mm length. MIMB 42234, Sea 
of Okhotsk, Sakhalin Is., 52°12′4″ N 144°26′8″ E, depth 
218–192 m, July 30, 2019, 8 specimens, from 12 to 38 mm 
length.

External morphology (Fig. 8A–C): Body up to 53 mm 
long, laterally compressed, elongate. From 6 to 10 oral 
appendages, 5 rhinophoral sheath appendages, lateral papilla 
present, 4–6 pairs of dorsolateral appendages. All append-
ages with 2–3 main stalks and extensive secondary branch-
ing, tertiary branches rare if present. Anal opening on right 
side of body about midway between first and second pairs of 
dorsolateral processes. Reproductive openings placed later-
ally near first pair of dorsolateral processes on right side.
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Color (Fig. 8A–C): Milky-white to pink, with opaque 
white pigment on tips of dorsolateral, rhinophore sheaths 
and oral appendages.

Anatomy: Jaws elongated plates with strong dorsal pro-
cess and slightly curved masticatory border (Fig. 8D), bear-
ing a single row of denticles (Fig. 8E). Radular formula in 
studied specimens 33–36 × 11–12.1.11–12 (Fig. 8F). Rachid-
ian tooth triangular, smooth in adults (Fig. 8G). Lateral teeth 
elongated narrow plates, slightly curved, with large sharp 
cusp and 3–4 small denticles at its base (Fig. 8H). Cusp 
length decreases toward outer teeth. Innermost teeth thin, 
curved. Outermost teeth plate-like, 2–3 in number. Repro-
ductive system triaulic. Large, folded ampulla with broad-
ening mid-length. Prostate with small number of alveolar 

glands. Distal part of vas deferens short, expanding into a 
slightly curved penis. Vagina convoluted, gradually narrows 
into rounded bursa copulatrix. Small receptaculum seminis 
near distal part of vagina.

Molecular data: Our phylogenetic reconstruction based on 
the 4 markers (COI, 16S, H3 and 28S) indicates all Dendrono-
tus dalli specimens are clustered together into a single highly 
supported group (PP = 1; ML = 93) (Fig. 9A). This confirms 
identity of studied specimens from the Sea of Okhotsk. On 
the phylogenetic tree, D. dalli specimens display intraspe-
cific structure with three internal clades, which correspond 
haplogroups on the haplotype network (Fig. 9B). All studied 
specimens from the Sea of Okhotsk represent a single hap-
logroup B, which differs by 9 substitutions from members 

Fig. 8  Dendronotus dalli Bergh, 
1879, external morphology and 
SEM micrographs of internal 
morphology. A, MIMB 42234a. 
B, MIMB 42234c. C, MIMB 
42233. D, MIMB 42234c, right 
jaw plate. E, MIMB 42234c, 
denticulation of masticatory 
border. F, MIMB 42234c, 
radula. G—MIMB 42234c, 
rachidian tooth, posterior 
radular portion. H, MIMB 
422342c, lateral teeth, posterior 
radular portion. Scale bars: 
A–C, 10 mm; D, F, 500 µm; E, 
G, H, 50 µm. Living photos by 
Anastassya Maiorova
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of the haplogroup A (specimens from the shallow Chukchi 
Sea) and by 7 substitutions from the haplogroup C (specimens 
from shallow waters near Kamchatka and British Columbia).

Biology: This species was collected from two localities 
on the upper continental slope near Sakhalin Is. (1) and near 
Urup Is., a part of the Kuril Islands (2). In both cases bottom 

Fig. 9  Results of molecular analysis of genus Dendronotus. A, 
molecular phylogenetic hypothesis, maximum likelihood, concat-
enated dataset of four markers (COI + 16S + H3 + 28S), species-level 
clades and outgroups are collapsed to a single branch, except target 
species. Numbers above branches indicate posterior probabilities 
from Bayesian inference, numbers below branches, bootstrap support 
from maximum likelihood. B, Dendronotus dalli, COI haplotype net-
work produced with TCS method in PopART. Colors of circles refer 

to the geographic origin of each haplotype. The relative size of circles 
is proportional to the number of sequences of that same haplotype. C, 
Dendronotus patricki, COI haplotype network (above-left) and hap-
lotype network of predicted 18S haplotypes (below-right), produced 
with TCS method in PopART. Colors of circles refer to the geo-
graphic origin of each haplotype. The relative size of circles is pro-
portional to the number of sequences of that same haplotype
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sediments were composed of hard sand gravel. The ecologi-
cal community in the locality near Sakhalin Is. is represented 
by echinoderms, with Strongylocentrotus droebachiensis (O.F. 
Müller, 1776), Crossaster papposus (Linnaeus, 1767), Henricia 
sp., and large unidentified Crinoidea as dominant species. Urup 
Is. gravel community includes numerous demosponges, hydro-
zoans and gorgonians, and a species-rich benthic epifauna.

Distribution: This species displays a wide bathymetric 
and geographical range, including shallow and upper bathyal 
areas in the Sea of Japan, the Sea of Okhotsk, the Bering 
Sea, the Northwest Pacific, from Alaska to British Columbia 
(Ekimova et al., 2015; Korshunova et al., 2020a), and was 
also recently found in the Arctic region in the Chukchi Sea 
(Ekimova et al., 2019).

Remarks: Molecular data indicates divergence into three 
mitochondrial haplogroups corresponding to inhabitants 
of different bathymetric zones and biogeographical areas 
(Fig. 9A, B). Same groups form distinct clades on the phylo-
genetic reconstructions. However, these specimens represent 
uniform morphological traits and are not so diverged geneti-
cally to be considered a cryptic species. This genetic popula-
tion structure is most likely a result of temporary isolation 
into subpopulations that occurred in recent past.

Dendronotus patricki Stout, N. G. Wilson & Valdés, 
2011
 = Dendronotus bathyvela Martynov, Fujiwara, Tsuchida, 
R. Nakano, N. Sanamyan, K. Sanamyan, Fletcher & Kor-
shunova, 2020 syn. nov.
(Figs. 3C and 10)

Material examined: MIMB 42239, Sea of Okhotsk, Sakha-
lin Is., 49°10′4″ N 145°03′1″ E, depth 262–266 m, July 29, 
2019, 1 specimen. MIMB 42240, Sea of Okhotsk, Sakhalin Is., 
49°10′4″ N 145°03′1″ E, depth 262–266 m, July 29, 2019, 1 
specimen. MIMB 42241, Sea of Okhotsk, Sakhalin Is., 52°45′0″ 
N 144°24′3″ E, depth 261–282 m, July 30, 2019, 1 specimen.

External morphology (Fig.  10A–D): Body broad, up 
to 41 mm in length. Large oral veil with up to 9 poorly 
branched oral appendages, 5 rhinophoral sheath appendages, 
lateral papilla absent, 5 to 6 pairs of dorsolateral appendages. 
Appendages stout with large primary stalk and extensive 
secondary and tertiary branching. Anal opening on right side 
of body about midway between first and second pairs of dor-
solateral processes. Reproductive openings placed laterally 
near first pair of dorsolateral processes on right side.

Color (Fig. 10A–D): Light pink to brownish. Opaque 
white large dots covering notum, dorsolateral and oral 
appendages. Digestive gland visible through skin, variable 
in color in different specimens from light pink to black.

Anatomy: Jaws oval-shaped plates with strong dorsal pro-
cess and slightly curved masticatory border, bearing at least 
three rows of small conical denticles (Fig. 10E, F). Radular 

formula in studied specimens 30 × 12.1.12 (Fig. 10G). Rachid-
ian tooth triangular, with strong conical cusp and 9–14 small 
denticles on each side (Fig. 10H, I). Lateral teeth triangular, 
slightly curved, lacking denticles in most cases (Fig. 10J). 
Innermost lateral teeth subulate, some possess 1–2 reduced 
denticles. Reproductive system triaulic (Fig. 3C). Ampulla 
large, muscular, convoluted. Relatively long narrow proximal 
part of vas deferens lead to prostate composed of 22 small 
alveolar glands. Distal part of vas deferens muscular and very 
convoluted, expanding to slightly curved, large penile sheath. 
Penis elongated. Vagina folded in midline, gradually narrow-
ing into rounded muscular bursa copulatrix. Small receptacu-
lum seminis near distal part of vagina.

Molecular data: Our phylogenetic reconstruction based 
on the 4 markers (COI, 16S, H3 and 28S) indicates all Den-
dronotus patricki specimens are clustered together into a 
single highly supported group (PP = 1; ML = 90) (Fig. 9A). 
This confirms identity of studied specimens from the Sea of 
Okhotsk. The COI haplotype network (Fig. 9C) showed that 
the type specimen D. patricki from the NE Pacific has 12 
substitutions from the Northwest Pacific and the Arctic speci-
mens (p-distance 1.7%). The rest specimens are differed by 
1–3 substitutions, with no geographical structure. Analysis of 
nuclear 18S showed its similarity among all studied specimens 
(from all localities), with several cases of heterozygous sites: 
in the positions 654 (C/T in WS9105, MIMB 42239, MIMB 
42240; C in others), 679–680 (AA/GG in WS9104, WS9105, 
MIMB 42240; AA/AG in WS9106; AA in others), 685 (C/T in 
WS9104, WS9105, MIMB 42240; T in others), and 712 (C/T 
in WS9104-WS9106, MIMB 42240; T in others). This sug-
gests geneflow across population of distant geographical areas.

Biology: This species was collected in two localities, both 
composed of fine muddy sand. Other benthic species found 
in the localities are typical members of the muddy sand com-
munity, including Nuculana bivalves, Crossaster sea stars 
and other echinoderms, numerous shrimps and hermit crabs, 
sedentary annelids, and buccinid gastropods.

Distribution: According to our data, this species has a 
wide bathymetric and geographic range, encompassing bath-
yal and abyssal areas of the Arctic (Ekimova et al., 2019), 
the NE Pacific (Stout et al., 2011), and the Northwest Pacific 
(Martynov et al., 2020; present study).

Remarks: Dendronotus patricki was originally described 
from 1819 m in depth, Monterey Canyon, NE Pacific (Stout 
et al., 2011). It was also reported from the bathyal zone of 
Arctic waters (Ekimova et al., 2019). The present study shows 
that its distribution now includes the Northwest Pacific. 
Recently, the new species Dendronotus bathyvela Martynov, 
Fujiwara, Tsuchida, R. Nakano, N. Sanamyan, K. Sanamyan, 
Fletcher & Korshunova, 2020 was described based on mor-
phological data only (Martynov et al., 2020) from the same 
geographic area (Japan, off the Pacific coast of Northern Hon-
shu, 303–307 m in depth). This species was suggested to have 
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notable differences from Dendronotus patricki original species 
description (Stout et al., 2011), i.e., in the coloration and the 
radular characters. The coloration pattern of the type speci-
men of D. patricki is uniform pinkish body color, while in D. 
bathyvela it is brown with opaque white dots. Our specimens 
of D. patricki have pinkish or brown coloration and numer-
ous white dots on the dorsum (Fig. 10A–D). Regarding radular 
characters, D. bathyvela has up to 14 lateral teeth on both sides 
and up to 30 denticles on the rachidian tooth. In our speci-
mens of D. patricki, there are up to 28 denticles on each side 
of the rachidian tooth. It should be also mentioned that the 
D. patricki paratype has 11 lateral teeth on each side (Stout 
et al., 2011: Fig. 4A) and up to 30 denticles on the rachid-
ian tooth (Stout et al., 2011: Fig. 4B). Therefore, our data  

demonstrates D. patricki has a considerable range of morpho-
logical variability encompassing the diagnosis of D. bathyvela. 
Unfortunately, molecular data for D. bathyvela are not available. 
However, taking into consideration the morphological similari-
ties of our specimens and the type specimens of D. bathyvela, 
the proximity of collection the localities of D. patricki in the 
Northwest Pacific to the type locality of D. bathyvela, and the 
molecular similarities of the studied specimens, we suggest to 
consider D. bathyvela as a synonym of D. patricki.

Dendronotus zakuro Martynov, Fujiwara, Tsuchida, 
Nakano, K. Sanamyan, N. Sanamyan, Fletcher & Kor-
shunova, 2020
(Fig. 11)

Fig. 10  Dendronotus patricki 
Stout et al. 2011, external mor-
phology and SEM micrographs 
of internal morphology. A, 
MIMB 42239. B, MIMB 42240. 
C, MIMB 42241, dorsal side. 
D, MIMB 42241, ventral side. 
E, MIMB 42241, left jaw plate. 
F, MIMB 42241, denticulation 
of masticatory border. F, MIMB 
42241, radula. G, MIMB 
42241, rachidian and lateral 
teeth, posterior radular portion. 
H, MIMB 42241, rachidian 
tooth, posterior radular portion. 
J, MIMB 42241, lateral teeth, 
posterior radular portion. Scale 
bars: A–D, 5 mm; E, G, H, 
200 µm; F, I, J, 100 µm. Living 
photos by Anastassya Maiorova
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Material studied: MIMB 42242, Sea of Okhotsk, Shi-
ashkotan Is., 48°48′3″ N 154°17′7″ E, depth 285–304 m, 
August 12, 2019, 1 specimen. MIMB 42243, locality, depth 
and date same as MIMB 42242, 1 specimen. MIMB 42244, 
locality, depth and date same as MIMB 42242, 1 specimen.

External morphology (Fig. 11A, B): Body up to 52 mm 
long, laterally compressed, elongate. From five to six oral 
appendages, five rhinophoral sheath appendages, lateral 
papilla present, 5–6 pairs of dorsolateral appendages. All 
appendages with 2–3 main stalks and extensive secondary 
branching, tertiary branches rare if present. Anal opening on 
right side of body about midway between first and second 
pairs of dorsolateral processes. Reproductive opening located 
laterally near first pair of dorsolateral processes on right side.

Color (Fig.  11A, B): Background color varies from 
translucent milky-white with an orange tinge to variegated 
orange-brown. In pale specimens, body pigmentation formed 
by narrow brown lines on dorsolateral sides between append-
ages of each row and few white opaque dots. In variegated 
specimens these lines and dots well visible. Oral veil, rhi-
nophoral and dorsolateral appendage tips orange to brown 
sometimes with opaque white pigment inside branches.

Anatomy: Jaws elongated plates with strong dorsal process 
and slightly curved masticatory border (Fig. 11C), bearing a 
single row of denticles (Fig. 11D). Radular formula in studied 
specimens 29 × 8–10.1.8–10 (Fig. 11E, F). Rachidian tooth 

smooth. Lateral teeth elongate, narrow, slightly curved with 
up to 12 denticles. Inner- and outermost lateral teeth subulate. 
Reproductive system triaulic. Ampulla relatively small, bent 
mid-length. Prostate with up to 25 alveoli. Distal vas deferens 
long and winding, narrowing slightly into curved ejaculatory 
portion. Wide vagina gradually narrows into muscular bursa 
copulatrix, receptaculum seminis small, indistinct.

Molecular data: Our phylogenetic reconstruction based 
on 4 markers (COI, 16S, H3, and 28S) clusters all Den-
dronotus zakuro specimens together into a single highly sup-
ported group (PP = 1; ML = 96) (Fig. 9A). This confirms the 
identity of studied specimens from deep waters. Intraspecific 
p-distance of COI marker is 0.9%.

Biology: This species was found in a species-rich com-
munity of gravel sand, composed of numerous echinoderms, 
annelids, sponges, and hydrozoans.

Distribution: Northwest Pacific: Japan, Kamchatka, up 
to 20 m in depth (Martynov et al., 2020); the Kuril islands, 
285–300 m in depth (present study).

Remarks: The species Dendronotus zakuro was recently 
described from the subtidal zone in two distant geographic 
localities (Japan and Kamchatka). Our data provide a link 
between these localities and expand the known bathymetric 
range of this species to the deep-sea shelf and upper bathyal 
areas. Our specimens show a different coloration pattern from 
the type specimens: the latter have bright red to reddish-brown 

Fig. 11  Dendronotus zakuro 
Martynov et al. 2020, external 
morphology and SEM micro-
graphs of internal morphology. 
A, MIMB 42244. B, MIMB 
42243. C, MIMB 42244, left 
jaw plate. D, MIMB 42244, 
denticulation of masticatory 
border. E, MIMB 42244, poste-
rior radular portion. F, MIMB 
42244, middle radular portion. 
G, MIMB 42244, anterior 
radular portion. Scale bars: A, 
B, 5 mm; C, 500 µm; D, 20 µm; 
F–J, 100 µm. Living photos by 
Anastassya Maiorova
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coloration, while the Kuril island specimens are much paler 
(Fig. 11A, B). This may cause identification difficulties as the 
same variety in variegated coloration is characteristic of D. 
kamchaticus Ekimova, Korshunova, Schepetov, Neretina, San-
amyan & Martynov, 2015 (Ekimova et al., 2016a; Korshunova 
et al., 2016), which also has a similar radular morphology.

Dendronotus kurilensis sp. nov.
urn:lsid:zoobank.org:act:F8048B84-91A5-4717-9A56-
74D9BF185BCF
(Figs. 3D and 12)

Type material: Holotype: MIMB 42237, Sea of Okhotsk, 
Urup Is., 46°15′9″ N, 150°15′4″ E, depth 450–460 m, July 
05, 2019, R/V Akademik Oparin. Paratypes: MIMB 42236, 
Sea of Okhotsk, Urup Is., 46°16′7″ N 150°16′5″ E, depth 
227–210 m, August 18, 2019. MIMB 42235, Sea of Okhotsk, 
Urup Is., 46°16′7″ N 150°16′5″ E, depth 227–210 m, August 
18, 2019, 4 specimens. MIMB 42238, Sea of Okhotsk, Itu-
rup Is., 45°44′6″ N, 148°34′0″ E, depth 264–270 m, July 07, 
2019, R/V Akademik Oparin, 1 specimen.

Etymology: After “Kuril Islands”, the type locality of this 
species.

Type locality: Sea of Okhotsk, Urup Is., 46°15′9″ N, 
150°15′4″ E, depth 450–460 m.

External morphology (Fig. 12A–E): Body up to 30 mm 
long, laterally compressed, elongate. Oral veil large, with up 
to six simple conical appendages. Four branched rhinopho-
ral sheath appendages of same size, lateral papilla absent, 
rhinophores perfoliated with up to 12 lamellae. Up to seven 
pairs of stout dorsolateral appendages with simple secondary 
branching. Anal opening on right side of body about mid-
way between first and second pairs of dorsolateral processes. 
Reproductive openings located laterally near first pair of dor-
solateral processes on right side.

Color (Fig.  12A–E): Uniform milky pink to peach. 
Anterior part of body, dorsolateral appendages and surface 
between them with bright orange pigmentation.

Anatomy: Jaws elongated plates with strong dorsal pro-
cess and slightly curved masticatory border (Fig. 12F), 
bearing row of denticles and two rows of smaller denti-
cles underneath (Fig. 12G, E). Radular formula in stud-
ied specimens 29 × 8–10.1.8–10. Rachidian tooth with up 
to 10 large denticles on each side of reduced cusp, with 
deep furrows (Fig. 12I, K). Lateral teeth slightly curved 
with sharp cusp and up to 5 denticles (Fig. 12L). Inner- 
and outermost laterals subulate. Reproductive system 
triaulic (Fig. 3D). Ampulla relatively small, convoluted. 
Prostate with up to 10 alveoli. Distal vas deferens wind-
ing, moderate in length, slightly narrowing into curved 
ejaculatory portion. Wide vagina gradually narrowing 
into muscular bursa copulatrix, receptaculum seminis 
small, indistinct.

Molecular data: On our phylogenetic reconstruction 
based on 4 markers (COI, 16S, H3 and 28S), Dendronotus 
kurilensis sp. nov. specimens are clustered together into a 
single highly supported group (PP = 1; ML = 96) (Fig. 9A). 
This clade is sister to NE Pacific Dendronotus claguei Val-
dés, Lundsten & N. G. Wilson, 2018 (LACM3554) (PP = 1; 
ML = 87). Although only H3 data are available for the latter 
species, it differs from D. kurilensis sp. nov. by four sub-
stitutions. Since H3 is a slowly evolving molecular marker, 
which is commonly identical in sister Dendronotus species 
(Ekimova et al., 2015, 2016a, b, 2019), the four substitu-
tions seem to be enough molecular divergence to support D. 
kurilensis sp. nov. distinctness at molecular level. The clade 
including D. kurilensis sp. nov. and D. claguei is sister to 
the Dendronotus robustus-Dendronotus patricki clade in the 
phylogenetic tree.

Biology: This species was found in two localities repre-
sented by similar gravel sand communities, with numerous 
sponges and hydrozoans, annelids, and echinoderms.

Distribution: Known only from the southern Kuril 
Islands.

Remarks: This species is a representative of a recently dis-
covered clade of deep-sea dendronotids with narrow body and 
the Dendronotus frondosus radular type (Ekimova et al., 2019; 
Valdés et al., 2018). It shares many morphological similari-
ties with another member of this group, Dendronotus claguei 
including body shape, absence of lateral rhinophoral sheath 
papillae, radular configuration, and details of the reproductive 
system. However, the two species differ substantially in exter-
nal appearance: D. claguei possess up to six pairs of very sim-
ple conical appendages with almost no branching, asymmetric 
rhinophoral sheath appendages, longer oral veil appendages, 
while only four pairs of secondary branched appendages 
were found in D. kurilensis sp. nov., and rhinophoral sheath 
appendages are equal in this species. Finally, D. claguei col-
oration is transparent white instead of the milky-pink to peach 
coloration of D. kurilensis sp. nov. The two species are also 
distinct genetically, with 4 substitutions in H3 marker. Other 
species of the family Dendronotidae do not possess similar 
combination of external and internal characters. The sister 
clade of this group is the “robustus” species group, repre-
sented by wide-bodied species with unique radular morphol-
ogy (Ekimova et al., 2019; Korshunova et al., 2020b).

Superfamily Fionoidea Gray, 1857
Family Fionidae Gray, 1857 s.l.
Genus Cuthona Alder & Hancock, 1855
Cuthona sp.
(Fig. 13)

Material studied: MIMB 42232, Sea of Okhotsk, Shi-
ashkotan Is., 48°48′3″ N 154°17′7″ E, depth 285–304 m, 
August 12, 2019, 1 specimen.
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Fig. 12  Dendronotus kurilensis sp. nov., external morphology and 
SEM micrographs of internal morphology. A, holotype MIMB 
42237, dorsal view. B, MIMB 42237, lateral view from left. C, hol-
otype MIMB 42237, lateral view from right. D, paratypes MIMB 
42235. E, paratype MIMB 42238. C, MIMB 42235b, right jaw plate. 
D, MIMB 42235b, denticulation of masticatory border. E, MIMB 

42235d, denticulation of masticatory border. F, MIMB 42235b, 
posterior radular portion. G, MIMB 42235b, rachidian tooth. G, 
MIMB 42235b, lateral teeth. Scale bars: A–E, 5  mm; F, 200  µm; 
G, H, 25 µm; I, 50 µm; K, L, 20 µm. Living photos by Anastassya 
Maiorova
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External morphology (Fig. 13A): Body 6 mm in length, 
elongate, relatively wide, narrowing posteriorly. Numerous 
elongate, dorsolateral cerata in dense indistinct rows. Oral 
tentacles absent, probably due to traumatic removal during 
sampling. Rhinophores stout, smooth. Reproductive opening 
placed laterally on anterior body part. Anal opening lateral, 
posterior to pericardium.

Color (Fig. 13A): Homogenous milky-white. Anterior 
digestive organs visible through skin as pink mass. Cnidosac 
areas marked with opaque white dots.

Anatomy: Buccal mass large. Jaws triangular elongate 
plates, masticatory border with single row of denticles. 
Radula uniseriate (Fig. 13B, C), 18 rows. Rachidian tooth 
broad, with non-compressed large conical cusp and 5–6 den-
ticles on each side.

Animal was not fully mature, and its poor preservation 
state did not allow to study the reproductive system in details.

Molecular data (Fig. 14A, B): According to the molecular 
phylogenetic analysis of three markers (COI, 16S, H3) our spec-
imen form a singleton, which is sister to Cuthona nana (Alder 
& Hancock, 1842), C. hermitophila Martynov, Sanamyan & 
Korshunova, 2015 and C. divae (Er. Marcus, 1961) clades and 
Bohuslania matsmichaeli Korshunova, Lundin, Malmberg, Pic-
ton & Martynov, 2018 (PP = 1; ML = 100) (Fig. 14B).

Biology: This species was found in a species-rich com-
munity of gravel sand, including numerous echinoderms, 
annelids, sponges, and hydrozoans.

Distribution: Known only from the Northern Kuril 
Islands, deep-water area near Shiashkotan Is.

Remarks: This specimen was severely damaged during 
collection, which does not allow us to provide a full descrip-
tion of its external and internal characters. This also com-
plicates a comprehensive comparison of morphological 
characters across our specimen and known Cuthona species. 
Nevertheless, Cuthona sp. fits well to the diagnosis of the 
genus Cuthona: wide body, cerata in rows non-elevated and 
numerous, rhinophores smooth, rachidian tooth with strong 
cusp (Fig. 13). The coloration and overall appearance resem-
ble the morphology of Cuthona methana Valdés, Lundsten 
& N. G. Wilson, 2018, which was described recently from 
methane seeps in deep sea off California. The rachidian tooth 
of C. methana also possesses a strong cusp but has less den-
ticles. Therefore, we suggest our Cuthona sp. may represent 
a sister species to C. methana. Unfortunately, no molecular 
data is available for the latter species.

Family Paracoryphellidae M. C. Miller, 1971

Fig. 13  Cuthona sp., MIMB 42232, external morphology and SEM micrographs of internal morphology. A, living specimen. B, radula. C, 
rachidian teeth. Scale bars: A, 5 mm; B, 100 µm; C, 20 µm. Living photo by Anastassya Maiorova
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Fig. 14  Results of molecular analysis of different aeolid groups. A, 
genus Cuthona, COI haplotype network produced with TCS method 
in PopART. Colors of circles refer to the geographic origin of each 
haplotype. The relative size of circles is proportional to the num-
ber of sequences of that same haplotype. B, molecular phylogenetic 
hypothesis of genus Cuthona, maximum likelihood, concatenated 
dataset of three markers (COI + 16S + H3), species-level clades 
and outgroups are collapsed to a single branch, except Cuthona and 
Bohuslania species. Numbers above branches indicate posterior prob-
abilities from Bayesian inference, numbers below branches, boot-
strap support from maximum likelihood. C, molecular phylogenetic 

hypothesis of genus Ziminella, Bayesian inference, concatenated 
dataset of four markers (COI + 16S + H3 + 28S), species-level clades 
and outgroups are collapsed to a single branch, except target spe-
cies. Numbers above branches indicate posterior probabilities from 
Bayesian inference, numbers below branches, bootstrap support from 
maximum likelihood. C, molecular phylogenetic hypothesis of genus 
Zeusia, maximum likelihood, concatenated dataset of three markers 
(COI + 16S + H3), species-level clades and outgroups are collapsed to 
a single branch, except target species. Numbers above branches indi-
cate posterior probabilities from Bayesian inference, numbers below 
branches, bootstrap support from maximum likelihood
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Genus Ziminella Korshunova, Martynov, Bakken, 
Evertsen, Fletcher, Mudianta, Saito, Lundin, Schrödl 
& Picton, 2017
Ziminella vrijenhoeki Valdés, Lundsten & N. G. Wil-
son, 2018
(Fig. 15)

Material studied: MIMB 42255, Bering Sea, 60°50′3.5″ N, 
174°22′21.4″ E, depth 660 m, July 03, 2018, R/V Akademik 
Lavrentyev, 1 specimen.

External morphology (Fig. 15A–C): Body length 21 mm. 
Body elongate, broad, with well-developed continuous notal 
edge. Cerata in dense indistinct rows. Oral tentacles short, 
wide. Foot corners short and wide. Rhinophores conical, 
smooth. Anal opening dorso-lateral, posterior to pericar-
dium. Reproductive opening under notal edge on right ante-
rior part of body.

Color (Fig. 15A–C): Dorsal side of body, head and oral 
tentacles light orange. Rhinophores intense orange. Diges-
tive gland diverticula grayish orange to light brown. Cni-
dosac region dotted by white pigment. Dorsal cerata with 
orange subapical rings, lateral cerata lack this pigmentation.

Anatomy: Buccal mass large, muscular. Jaws elongate tri-
angular plates, with up to 15 rows of rounded denticles on 
masticatory border (Fig. 15D, E). Radular formula 25 × 1.1.1 
(Fig. 15F). Rachidian tooth with large central conical cusp 
and up to eight denticles on each side (Fig. 15G, H). Lateral 
teeth triangular, narrow, with pointed cusp and up to 14 den-
ticles on inner side (Fig. 15I). Reproductive system diaulic. 
Ampulla very long, convoluted, forming loops. Prostatic vas 
deferens long and convoluted. Penis slightly curved, elon-
gate. Receptaculum seminis oval.

Molecular data: On our phylogenetic reconstruction of 
four markers (COI, 16S, H3, 28S) here studied specimen 
forms a single clade with the type specimen of Z. vrijenhoeki 
(PP = 1; ML = 100) (Fig. 14B). This species is sister to the 
rest of Ziminella species in the ML analysis (ML = 100), 
but shows unresolved relationships with both Ziminella and 
Chlamylla in the BI analysis.

Biology: This species was found in seep communities 
with Calyptogena as a dominant species. Local seepage 
occurs through cracks in carbonate plates; such places are 
marked with thick bacterial mats and Calyptogena settle-
ments. In the vicinity, several large buccinid gastropods, 
pogonophorans, and terebellid tubeworms were noted and 
various small ophiuroids are also an abundant component of 
the community. Cnidarian fauna is represented by abundant 
soft coral Caryophyllia and rare Hormatiidae anemones.

Distribution: Known from the deep sea off California 
(Valdés et al., 2018) and from the Bering Sea (present study).

Superfamily Aeolidioidea Gray, 1827
Family Aeolidiidae Gray, 1827

Genus Zeusia Korshunova, Zimina & Martynov, 2017
Zeusia herculea (Bergh, 1894)
 = Aeolidia grandis Volodchenko, 1941 syn. nov.
(Fig. 16)

Material studied: MIMB 42254, Bering Sea, 61°10′40.1″ 
N, 174°52′14.9″ E, depth 536 m, June 28, 2018, R/V Akade-
mik Lavrentyev, 1 specimen.

External morphology (Fig. 16A–C): Body length 29 mm. 
Body wide, possessing numerous elongate, flattened cerata 
in distinct dense rows. Smooth conical oral tentacles. Rhi-
nophores slightly tuberculated. Anus pleuroproctic. Genital 
openings on right side, at 1/3 of body length.

Color (Fig. 16A–C): Body, head, oral tentacles, and foot 
bright orange. Rhinophores intense orange, with lighter 
tubercles. Cerata semitransparent, with brownish digestive 
gland seen through body wall and numerous white dots. Cni-
dosac region dotted by white pigment, and wide orange ring 
below. Lateral cerata lack orange pigmentation.

Anatomy: Buccal mass large, muscular. Jaws elongate oval, 
lacking denticles on masticatory border. Radular formula 
23 × 0.1.0 (Fig. 16D, E). Rachidian tooth wide, lacking central 
cusp, with up to 25 long sharp denticles on each side (Fig. 16F, 
G). Reproductive system diaulic. Ampulla long, convoluted. 
Prostatic vas deferens long and winding, forming several loops. 
Penile sheath broad. Receptaculum seminis oval.

Molecular data: On the three-marker phylogenetic tree 
(COI, 16S, H3) our specimen forms a single clade with Z. her-
culea (PP = 1; ML = 100), collected in the NE Pacific, near the 
type locality. Zeusia herculea clade is sister to Z. hyperborea 
Korshunova, Zimina & Martynov, 2017 (PP = 1; ML = 100). 
Within the family Aeolidiidae, the genus Aeolidia is sister to 
Zeusia (PP = 1; ML = 100).

Biology: This specimen was found in an ophiuroid com-
munity, far from methane seeps. Crustacean benthic fauna 
is a common component, with many hermit crabs, shrimps, 
and other decapods found in the area. Large buccinid gas-
tropods, Myxoderma sea stars and Achorax bivalves also 
occur. Cnidarian fauna is represented by numerous species 
of Sagartiidae, Liponema and rarely large anemones.

Distribution: North Pacific deep-sea areas from Califor-
nia to the Sea of Okhotsk (Korshunova et al., 2017b; Valdés 
et al., 2018; Volodchenko, 1941; present study).

Discussion

Taxonomy

Due to their scarcity and low information baseline, studies 
of deep-sea biodiversity often significantly improve exist-
ing taxonomical and phylogenetic knowledge (Borisanova 
et al., 2018; Cannon et al., 2009; Chaban et al., 2019b; Kano, 
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2008; Kano et al., 2016; Leduc et al., 2018; and many oth-
ers). In this study, we described two new species, proposed 
revisions for several groups, and confirmed previously sug-
gested taxonomic changes based on new molecular data.

The new species Bathydoris antoni sp. nov. is described 
from the Sea of Okhotsk. This is the first member of the 
genus Bathydoris recorded for Russian fauna and only the 
second Bathydoris species described from the Northwest 

Fig. 15  Ziminella vrijenhoeki Valdés et  al.  2018, MIMB 42255, 
external morphology and SEM micrographs of internal morphology. 
A, dorsal view. B, ventral view. C, living specimen in natural envi-
ronment. D, jaw masticatory border. E, details of denticulation of 

masticatory border. F, radula. G, middle radular portion. H, rachidian 
tooth. I, lateral tooth. Scale bars: A, B, 5 mm. D, I, 20 µm; E, 10 µm; 
F, 500 µm; G, H, 50 µm. Living photos by Nadezhda Sanamyan and 
team of ROV “Komanch”
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Pacific in addition to B. japonensis (see Hamatani & 
Kubodera, 2010). Another new species of the genus Den-
dronotus is described, a group for which an astonishing 
cryptic diversity in the boreal and Arctic regions has been 
revealed during the last decade (Ekimova et al., 2015, 
2016a, b, 2019; Korshunova et al., 2016, 2017c, 2020a; 
Martynov et al., 2015, 2020; Stout et al., 2011). Dendrono-
tus kurilensis sp. nov. together with D. claguei represent a 

particularly interesting lineage of narrow-bodied deep-sea 
Dendronotus, sister to the wide-bodied and deep-sea Den-
dronotus species of the so-called “robustus” species group 
(Ekimova et al., 2019). Both D. kurilensis sp. nov. and 
D. claugei display paedomorphic characteristics in their 
radular morphology (Ekimova & Malakhov, 2016; Eki-
mova et al., 2019; Korshunova et al., 2020b), i.e., possess 
a highly denticulated rachidian tooth of the “frondosus” 

Fig. 16  Zeusia herculea (Bergh, 1894), MIMB 42254, external 
morphology and SEM micrographs of internal morphology. A, 
dorsal view. B, ventral view. C, living specimen in natural environ-
ment. D, posterior radular portion. E, anterior radular portion. F, G, 

details of denticulation on rachidian tooth. Scale bars: A, B, 5 mm; 
D, 500  µm; E, 200  µm; F, 100  µm; G, 50  µm. Living photos by 
Nadezhda Sanamyan and team of ROV “Komanch”
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radular type (Fig. 12F–H) that matches the rachidian tooth 
morphology of juvenile specimens in the “robustus” spe-
cies group (Ekimova et al., 2019). It was suggested that 
heterochrony in Dendronotus may have evolved following 
the environmental changes and climatic fluctuation in the 
shallow North Pacific during the Miocene and Pliocene 
(Ekimova et al., 2019); however, data on those changes in 
the deep waters are not well documented (Briggs, 1995).

We also provide evidence of two potentially new 
nudibranch species of the genera Cadlina and Cuthona. 
The taxonomic composition of both genera has recently 
undergone a series of revisions based on integrative 
analysis (Cadlina: Do et  al., 2020; Korshunova et  al., 
2020b. Cuthona: Chichvarkhin et al., 2016; Cella et al., 
2016; Korshunova et al., 2017d, 2018) which resulted in 
the description of several new species in the Northwest 
Pacific: Cadlina paninae, C. umiushi, C. olgae, C. kore-
ana, C. kamchatica, and Cuthona hermitophila. All this 
diversity was found in shallow waters, and our results sug-
gest that several new taxa may occur in the deeper parts of 
the Northwest Pacific as well. A specimen of Cuthona sp. 
also represents an important finding, as our phylogenetic 
analysis based on three markers (COI, 16S, and H3) shows 
that it is a sister to a clade comprising the shallow-water 
Cuthona nana species complex and the brackish-water 
Bohuslania matsmichaeli. This unexpected result raises 
questions on the generic placement of B. matsmichaeli. 
Also, data from the COI haplotypes study (Fig.  14A) 
shows that at least the Northwest Pacific Cuthona hermi-
tophila is conspecific to North Atlantic C. nana, which 
agrees with previous research (Cella et al., 2016; Chich-
varkhin et al., 2016) and suggests that species diversity 
within the genus Cuthona may be overestimated. On the 
other hand, our internal morphology data of Cuthona sp. 
is quite limited, and another deep-water species, Cuthona 
methana, lacks molecular data and a description of its 
reproductive system. Filling this knowledge gap is a pros-
pect for further studies clarifying the taxonomic status of 
the genera and species included in this group.

This paper is the first to report molecular data for North-
west Pacific specimens of Colga pacifica, Dendronotus pat-
ricki, Ziminella vrijenhoeki, and Zeusia herculea. The North-
west Pacific species Dendronotus patricki is represented by 
several color morphs (Fig. 10A–D), which led to the descrip-
tion of a new species in this area, Dendronotus bathyvela, 
based only on morphological data (Martynov et al., 2020). 
Here, we show that contemporary geneflow probably exists 
among distant populations of D. patricki in the Arctic and 
both sides of the North Pacific (Fig. 9C), and that these popu-
lations display identical internal morphological characters 
which allow us to regard D. bathyvela as a junior synonym 
of D. patricki. We also confirm the species identity of Tri-
tonia psoloides and its distinctness from the sympatric T. 

tetraquetra. Our T. psoloides specimen was collected near 
the type locality of this species in the Bering Sea (Fig. 1) 
and matches the external morphology of the type material 
perfectly (Fig. 7C). Molecular data for the Northwest Pacific 
Zeusia herculea obtained in this study (Fig. 14D) supports 
a recent suggestion that this species has a transpacific range 
(Korshunova et al., 2017d) and thus confirms that the mor-
phologically similar Northwest Pacific Aeolidia grandis 
should be regarded as a junior synonym of Z. herculea.

North Pacific deep‑water nudibranch distribution 

The distribution patterns of deep-water benthic organisms 
are understudied — sampling from such communities is 
limited both in size and frequency. Many species have only 
been recorded a few times (or even once, at first discov-
ery), hence rendering even a preliminary estimation of their 
habitat area impossible. Biodiversity estimates indicate that 
with current sampling coverage, many species are errone-
ously considered endemic as a result of undersampling and 
low population density (Tittensor et al., 2010). Recovered 
material is often damaged and thus morphological character-
istics are distorted. This can pose a serious problem for the 
study of species with high levels of morphological plastic-
ity. The factors stated above, coupled with cases of unique 
deep-water vent communities, create a biased impression of 
obligate deep-water fauna as being extremely fragmented 
(McClain & Hardy, 2010). However, as knowledge on deep 
water benthic communities expands, we can construct an 
increasingly nuanced picture. While data is still insuf-
ficient in many cases, our findings show that many nudi-
branch species are widely distributed in deep bathymetric 
ranges of the North Pacific and indicate that several types of 
fauna connections exist between populations from different 
depths and geographic regions. These include species with 
extremely wide bathymetric ranges. Such a distribution pat-
tern should be expected in species with wide environmental 
tolerance that allows them to expand into greater depths. 
For example, some species inhabiting upper subtidal depths 
can be found much deeper, when biotopes and conditions 
fit their preferences. In our study, this seems to be the case 
for Colga pacifica, Tritonia tetraquetra, Dendronotus dalli, 
and D. zakuro. Colga pacifica was found in a rich com-
munity with many sponges and echinoderms on gravel and 
sand at 285–304 m. This species was previously reported in 
many northwestern Pacific communities at ranges from 14 
to 1000 m (Martynov & Baranets, 2002; Martynov et al., 
2016). Both Dendronotus species were found deeper than 
at 200 m with D. zakuro at almost 300 m and in the same 
community as C. pacifica, though they are most often found 
in the 10–20 m range. These records are on gravel-sand as 
a part of species-rich communities with prominent and 
diverse benthic epifauna. Tritonia tetraquetra also occupies 
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an extremely wide range of depths and can be found in both 
rocky communities and on soft silty bottoms surrounding 
methane seeps.

The second type of connectivity involves presumably new 
species that are sister to described coastal species from the 
same regions. This could be the result of depth range expan-
sions followed by speciation, as the result of either (1) the 
deep-water populations specialization and divergence from 
their shallow water sister taxa in a parapatric model or (2) 
total separation from the original population and allopat-
ric divergence. In the lineages from the Northwest Pacific 
examined here, we observe these patterns in species of the 
genus Cadlina, which is represented by a number of phylo-
genetically close shallow water species (Korshunova et al., 
2020a). Cadlina sp. is genetically similar to C. laevis, C. 
paninae, and C. kamchatica (Fig. 4C); the latter two inhabit 
shallow bottoms of the same region, but our specimen shows 
several molecular differences from these species. The same 
pattern is found on an intraspecific level within Dendronotus 
dalli, where shallow- and deep-water specimens represent 
two haplogroups separated by seven substitutions (Fig. 9D).

The third and probably most interesting faunal connec-
tion is between deep water communities on each side of 
the North Pacific. We found several species from different 
groups, which have been reported or initially described 
from deep water habitats near the California coast. First 
and most abundant is Tritonia tetraquetra, already men-
tioned above. It is not only found on the deep shelf, where 
it is abundant in rich rocky and sandy communities, but it 
is also quite common on silt near methane seeps. Ziminella 
vrijenhoeki was initially described from silt bottoms sur-
rounding whale carcass communities (Valdés et al., 2018); 
however, our data suggests they are not strictly tied to 
whale fall sites. In our study, it was found in the Bering 
Sea in seep communities with prominent bacterial mats at 
660 m in depth. The aeolid Zeusia herculea was described 
from the deep sea off California (Bergh, 1894) and later 
found in the same locality on whale carcass communities, 
but it is not exclusive to them (Valdés et al., 2018). In the 
North Pacific, this species is known from the Bering Sea 
(present study; Korshunova et al., 2017b) and the Sea of 
Okhotsk (Korshunova et al., 2017b; Volodchenko, 1941). 
In our study, it was found at a 536-m depth far from meth-
ane seeps on muddy sand in ophiuroid communities with 
many decapods. Finally, Dendronotus patricki, described 
from the deep sea of California, was found at a depth range 
261–282 m at two stations. Despite the fact that these sites 
are relatively shallow, they represent quite different sub-
strates (muddy sand) from common communities of the 
deep Sea of Okhotsk shelf.

The cases discussed above clearly show close ties exist 
not only between shallow coastal nudibranch faunas and 
their continental slope counterparts, but also between 

communities on both sides of North Pacific, suggesting 
that they are connected by gene flow and that there is an 
ongoing exchange between these two regions. We found 
two general types of deep shelf and bathyal communities in 
the Northwest Pacific, each characterized by a certain type 
of fauna and a connectivity with different bathymetric and 
geographic areas. The first one is an extension of rocky and 
gravel communities characteristic of the North Pacific. These 
communities start from upper subtidal depths and continue 
down to steep continental slopes down to the point where 
sediments accumulate. Such biotopes are characterized by 
filter-feeding organisms and associated epifauna, where typi-
cal subtidal nudibranch species can be found to depths up to 
400 m (i.e., Dendronotus dalli, D. zakuro, Colga pacifica, 
Tritonia tetraquetra). The second type of biotopes is rep-
resented by communities existing on muddy sand and silty 
substrates. The environmental parameters of these biotopes 
are quite similar on both sides of the North Pacific and were 
therefore assigned to a single bathyal province of the North 
Pacific (Watling et al., 2013) based on water mass charac-
teristics (temperature and salinity) and particulate organic 
flux to the seafloor. We found a significant overlap between 
the nudibranch fauna from these biotopes on eastern and 
western parts of the North Pacific (i.e., Tritonia tetraquetra, 
Dendronotus patricki, Ziminella vrijenhoeki and Zeusia her-
culea), which supports the prediction of the biogeographic 
province. Our data shows that nudibranchs follow differ-
ent pathways, which predicted and found in other groups. 
Ziminella vrjenhoecki and Zeusia herculea recorded from 
whale carcass sites in NE Pacific were found on soft grounds 
(Ziminella for the first time). This agrees with the generally 
accepted hypothesis, which wood and carcass sites serve as 
evolutionary launchpads for the transition from hard ground 
slope communities to silt planes and seeps (Shank et al., 
1998; Kiel & Goedert, 2006).

Conclusions

Our study confirms the expected undersampling and unde-
scribed diversity of the North Pacific deep-water nudibranch 
fauna and their association to predicted bathyal provinces. 
Novel data on distribution of several species reveals con-
nections between the Northeast and Northwest Pacific, and 
between different types of communities. Further study of 
bathyal molluscs in this region is needed, as it will enhance 
our understanding of both deep-water communities and ways 
of their formation.
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