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Young but distinct: description of Eubranchus malakhovi
sp.n. a new, recently diverged nudibranch species
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ABSTRACT: In this paper we perform an integrative investigation of the Eubranchus
odhneri— Eubranchus sanjuanensis species complex. Several specimens morphologically
similar to E. sanjuanensis were collected in the Sea of Japan. However, preliminary
molecular data indicated that they were closer to the Arctic species E. odhneri. For our
analysis we obtained new data on mitochondrial COI and 16S rRNA, and nuclear histone
H3 and 18S rRNA molecular markers to reconstruct their phylogeny (Bayesian Inference
and Maximum Likelihood approaches), delimit species with ASAP, bPTP and GMYC
analyses and estimate divergence times of putative species. We also studied morphological
and ecological features including external morphology, colouration, jaw and radular
morphology, configuration of the reproductive system, ultrastructure of cnidosacs, and
determination of possible diet preferences. Our results show that specimens from the Sea
of Japan represent a new species described herein, Eubranchus malakhovi sp.n. It differs
both morphologically and genetically from its closely related species, the Arctic E. odhneri
and the North-East Pacific E. sanjuanensis. The new species is closely related to E. odhneri
with low mtDNA divergence, and our divergence time estimations suggest these species
split ~1.5 Mya.
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PE3IOME: B s10ii cTarbe MbI IpeICTaBIsAEM HHTETPATUBHBIN aHAIU3 KOMIIIEKCA BU/IOB
Eubranchus odhneri — Eubranchus sanjuanensis. B SInoHckom mope ObLIM COOpaHbI
ocobu, cxomHbie Mopdooruuecku ¢ E. sanjuanensis. Tem He MeHee, MPEIBAPUTEIIbHBIN
MOJICKYJISIPHBIN aHAJIN3 MMOKa3al uX OJU3KOE POJICTBO K apKTHUYeCKOMY BUny E. odhneri.
Bbutn mosyueHs! HOBBIE TaHHBIE MO MOCIEA0BATEILHOCTIM MUTOXOHApUaNbHEIX (COI u
16S pPHK), u snepubix (ructon H3 u 18S pPHK) MapkepoB /i peKOHCTPYKITUH MOJIEKY-
JISIPHO-(HUIIOT€HETUUECKUX OTHOLICHHH C PUMEHEHHEM MeTo/10B baiiecoBckoro ananmsa
1 MakcHMalbHOTO PaBJION0J00HsI, aHAIN30B MOJIEKYJISIPHOTO pa3/ienieHus BuioB ASAP,
bPTP u GMYC u olieHKM BpeMeH JMBEPreHIMiA Mpe/roiaraeMbeix BuoB. Takxke Obun
U3y4eHbI MOP(OIOrHYECKUE M DKOJIOTUYECKHE 0COOCHHOCTH, BKIIIOYasi BHELTHIO MOpdo-
JIOTHIO, OKPAcKy, MOP(OJIOTHIO YEIIOCTEH, paayJibl ¥ OJIOBOM CUCTEMBI, & TAK)KE TOHKOE
CTPOCHHE KHHUJOCAKOB U OMNpEJeNicHHE MUIIEBBIX NpearnoureHui. Hamm pesynbraTs
MOKa3bIBAIOT, YTO 0COOM M3 SIMOHCKOro MOPSI TPECTaBIISIOT CO00# HOBBIN BUA Eubranchus
malakhovi sp.n. OH OT/IMYAeTCsl KaK MO MOP(OJIOTHYECKUM, TaK U MO MOJEKYJISIPHBIM
JAHHBIM OT apKTHUYecKoro Buna E. odhneri u E. sanjuanensis, OOUTAIOIIETO B CEBEPO-
BocTo4yHOM yactn Tuxoro Oxeana. HoBelii Buj Quitorenernuecku 0au30K K BHAY E.
odhneri, ¢ KpaiiHe HEBBICOKUMH OTIHUYUAME 10 MuToXoHApuansHoi JITHK, u mo Hammm
OLIGHKaM BpeMs JUBEPIreHIUH JaHHBIX BUJOB COCTaBIsAET ~1,5 MITH. JIeT Hazaf,.
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Introduction

Eubranchus is a large genus of nudibranch
molluscs within the family Fionidae (Cella et
al., 2016) with more than 50 species described
up to date (MolluscaBase, 2021) and distribu-
ted worldwide (Burn, 1964; Edmunds, Kress,
1969; Cella et al., 2016). In boreal and Arctic
waters species of Eubranchus represent quite
abundant components of hydrozoan fouling
communities (Roginskaya, 1987; Mikhlina et
al., 2020). At the same time, modern taxono-
mical revisions and dedicated phylogenetic stud-
ies have not paid enough attention to this genus.
During the last two decades only two contribu-
tions performed integration of morphological
and molecular data within this group: (1) a
recent revision of the family Fionidae (Cella et
al.,2016) that evaluated Eubranchus as a mem-
ber of this family and suggested that the amphi-
boreal Eubranchus rupium (Meller, 1842) rep-
resented a species complex of at least three
distinct species; and (2) revision of the Eubran-
chus farrani (Alder et Hancock, 1844) — E.
pallidus (Alder et Hancock, 1842) species com-
plex (Korshunova et al., 2020) completed with
areinstatement of the generic name Amphorina
for these molluscs and the description of two
new species from the North-East Atlantic: 4m-
phorina andra Korshunova et al., 2020 and 4.
viriola Korshunova et al., 2020. However, in
this case no genetic differences were observed
between these two new species, and their delimi-
tation was based on ecological and bathymetric
data as well as several minor morphological
differences. Other boreal and Arctic Eubran-
chus species [e.g., Eubranchus alexeii (Mar-
tynov, 1998), E. exiguus (Alder et Hancock,
1848), E. horii Baba, 1960, E. odhneri (Derju-
gin et Gurjanova, 1926), E. sanjuanensis Roll-
er, 1972, and others] have never been examined
for presence of the cryptic diversity.

Boreal and Arctic fauna presents significant
taxonomical challenge as speciation in these
regions is affected by multitude of factors, that
are not easy to estimate. In high latitudes envi-
ronmental conditions have recently changed
significantly (Layton et al., 2016). Glaciation
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cycles promote frequent opportunities for ex-
pansion to new ecological niches as communi-
ties are constantly changing (Clark, Crame,
2010). Glaciations also promoted geographic
barriers formed and ceased to exist multiple
times (Bowen et al., 2016; Loeza-Quintana,
Adamowicz, 2018; Ekimova et al., 2019b),
which lead to allopatric speciation events. Un-
like in sympatric speciation, no ecological sep-
aration may happen, and truly cryptic species
can form with overlapping morphological vari-
ation, but significant genetic distance. On the
other hand, temporary isolation may lead to
local populations acquiring distinct morpholo-
gy, through random drift or local adaptation, but
as soon as barriers fall, interbreeding resumes.
These two types of cases represent major prob-
lems in species delimitation, as the same clades
would be considered to be (or not) distinct
species using different criteria (Knowlton, 2000;
Avise, 2004).

Several specimens initially identified as the
North-East Pacific species Eubranchus sanjua-
nensis were collected during fieldwork in the
Sea of Japan, Rudnaya Bay in 2019. This spe-
cies was described from British Columbia (Roll-
er, 1972) and further its range was extended to
Washington and Alaska (Millen, 1983, 1989).
In the Sea of Japan, it was found by local diver
Andrey Shpatak in 2014 and since then was
commonly detected in the area. However, pre-
liminary molecular data indicated that these
animals were closer to the Arctic species Eu-
branchus odhneri. The latter species was de-
scribed under the name Galvina odhneri from
the Novaya Zemlya (Derjugin, Gurjanova,
1926), and then found in coastal waters of the
Barents Sea and the White Sea (Roginskaya,
1987; Martynov et al., 2006). Eubranchus odh-
neri and newly discovered specimens demon-
strated only minor genetic differences, suggest-
ing this could be a case of either cryptic diver-
sity or intraspecific polymorphism.

Therefore, this study is dedicated to integra-
tive investigation of E. odhneri — E. sanjuan-
ensis species complex, with a focus on speci-
mens from the Arctic and the North-West Pa-
cific. Specifically, we studied molecular data
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Fig. 1. Map of the Northern hemisphere showing collection localities of Eubranchus malakhovi sp.n. and
Eubranchus odhneri. Collection locality for Eubranchus sanjuanensis from the GenBank is also shown.
Puc. 1. Kapra ceBepHoro nosyiapusi, mokasansl Mecta cobopa Eubranchus malakhovi sp.n. u Eubranchus
odhneri. Taxxe nokazano mecto cbopa Eubranchus sanjuanensis 3 6a3sl nanubix GenBank.

of mtDNA and nDNA gene fragments using a
variety of automated species delimitation meth-
ods, and observe morphological diversity and
ecological features.

Material and methods

COLLECTION DATA. Specimens used in
this study were collected in the three localities:
(1) the Sea of Japan, Rudnaya Bay; (2) the

White Sea, in the vicinity of the White Sea
Biological Station, MSU and (3) the Barents
Sea, Teriberka Bay (Fig. 1). All samples were
collected by SCUBA diving at depths of 2-30 m
on hard substrates or in tidal areas. All speci-
mens were photographed and fixed in 96%
ethanol for morphological and molecular stud-
ies. In addition, cerata of several specimens
were dissected before fixation and then pre-
served in 2.5% glutaraldehyde for the study of
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cnidosac ultrastructure. Voucher specimens are
deposited in the collections of the National Sci-
entific Centre of Marine Biology, Far Eastern
Branch RAS. The new species was registered in
ZooBank [Isid of the publication is: urn:lsid:
zoobank.org:pub:429B8BEE-58A4-46D6-
9F42-2156E6D2352D]. Details of sampling
localities and voucher numbers for each speci-
men are given in Table S1.

TAXON SAMPLING AND FOLLOWED
TAXONOMICAL SCHEME. For phylogenet-
ic reconstruction datasets for the genus Eubran-
chus obtained in previous studies were incorpo-
rated in the analyses (Cella et al., 2016; Kor-
shunovaetal.,2020) as well as several addition-
al sequences from GenBank (Table S1). Repre-
sentatives of the genera Abronica and Cuthona
were chosen as outgroups (Cella et al., 2016).
Recently the genus Amphorina was established
for five North-East Atlantic Eubranchus spe-
cies, however on some reconstructions (i.e. Cella
et al., 2016; Korshunova et al., 2020) the type
Eubranchus species E. tricolor is sister to the
“Amphorina” clade, which clearly makes the
genus Eubranchus a paraphyletic one, but no
solution had been proposed (Korshunova et
al., 2020). Therefore, due to overall poorly
supported phylogeny and possible confusion
with Eubranchus monophyly we suggest to fol-
low a stable version of Fionidae taxonomy, e.g.
the taxonomic decision considering a single
genus Eubranchus (Cella et al., 2016; Kor-
shunova et al., 2017) until the dedicated revi-
sion would be conducted.

DNA EXTRACTION, AMPLIFICATION,
SEQUENCING. DNA was extracted from small
pieces of foot muscle tissue using a PALL™
AcroPrep 96-well purification plates by PALL
Corp., following a protocol by Ivanova et al.
(2006). Obtained DNA samples were used as a
template foramplification of partial cytochrome
¢ oxidase subunit I (COI) (estimated length
~658 bp), 16S rRNA (~450 bp), histone H3
(~350 bp) and 18S (in three parts, ~1865 bp
overall). Primers used for amplification and
sequencing, and amplification conditions are
shown in Table 1. Polymerase chain reaction
were carried out in a 25-pL reaction volume (5
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pL of 5x HotTaq buffer Eurogen Lab, 0.5 pL of
HotTaq polimerase Furogen Lab, 0.5 pL of
each primer (10 uM stock), 1 puL of genomic
DNA and 17.4 puL of sterile water). Both strands
of each amplicon were sequienced with the
BigDye Terminator v3.1 sequencing kit by Ap-
plied Biosystems. Sequencing reactions were
analyzed by capillary electrophoresis on ABI
3500 Genetic Analyser or ABI 3130 Genetic
Analyser (Applied Biosystems) at the N.K.
Koltsov Institute of Developmental Biology or
the Lomonosov Moscow State University (Mos-
cow, Russia). All new sequences were deposit-
ed at the GenBank public database (Table S1).
Raw reads for each gene were assembled and
checked for improper base-calling (those sites
were further modified) using GeneiousPro4.8.5
(Biomatters, Auckland, New Zealand).

DATA PROCESSING AND PHYLOGE-
NETIC ANALYSES. Original data and public-
ly available sequences were aligned with the
MUSCLE (Edgar, 2004) algorithm implemen-
ted in GeneiousPro 4.8.5. Protein-coding se-
quences were translated into amino acids to
eliminate possible pseudogenes by verifying
CDS reading frame integrity. No pseudogenes
were detected. The resulting alignments were of
660 bp for COI, 461 bp for 16S, 327 bp for H3
and 1863 bp for 18S. Manual inspection did not
detectindel-rich regions in the dataset and there-
fore our analysis included all positions. Phylo-
genetic analysis was conducted for all datasets
concatenated and for the COI gene individually.
Sequences were concatenated by asimple Biopy-
thon script (Chaban et al., 2019). The best-
fitting nucleotide evolution model was tested in
the Modeltest-NG (Darriba ef al., 2020) toolkit
based on the Bayesian information criterion
(BIC) for each partition. The best-fitting model
for the COI partition was HKY+G+I, for 16S
partition was GTR+G+I, and for both 18S and
H3 it was K2+G. Phylogenetic reconstructions
were performed by Bayesian estimation of pos-
terior probability and Maximum likelihood-
based phylogeny inference. The Bayesian esti-
mation of posterior probability was performed
in MrBayes 3.2.7a (Ronquist, Huelsenbeck,
2003) applying evolutionary models for parti-
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tions separately. Maximum likelihood-based
phylogeny inference was performed with the
HPC-PTHREADS version of RaxML v.8.2.12
(Stamatakis, 2014) with ultrafast bootstrapping
(UFBoot approximation approach) (Minh et al.,
2013) in 1000 pseudoreplicates under the GTR-
CAT model of nucleotide evolution, applied to
partitions individually. Resulting phylogenetic
tree graphs were rendered in FigTree 1.4.4 and
their visual component was further modified in
Adobe Illustrator CC 2015. The posterior prob-
abilities from Bayesian Inferences (PP) higher
than 0.99 and bootstrap support from the Maxi-
mum Likelihood (BS) higher than 90% were
designated as “high”; PP from 0.95 to 0.98 and
BS from 75 to 89% indicate moderate support;
PP from 0.9 to 0.94 and BS from 60 to 74%
indicate low support. Branches that received
lower support were interpreted as unsupported.

SPECIES DELIMITATION ANALYSES.
The COI alignment was used for computational
species delimitations methods. P-distances were
calculated using MEGA?7 software (Kumar et
al., 2016). To confirm the status of the clades
recovered in our analysis as putative species we
used the Assemble Species by Automatic Parti-
tioning (ASAP) method (Puillandre et al., 2021)
to detect breaks in the distribution of intra- and
interspecific distances without any prior species
hypothesis, referred to as the “barcode gap”
(Herbert et al., 2003). The ASAP analysis was
run on the online version of the program (https:/
/bioinfo.mnhn.fr/abi/public/asap/asapweb.html)
with three proposed models — Jukes-Cantor
(JC69), Kimura (K80) and Simple distance. It
was complemented by Poisson Tree Processes
(PTP) (Zhang et al., 2013), which is based on a
phylogenetic species concept assumption, and
thus implements Bayesian MCMC methods to
find the groups descent from a single ancestor
(i.e. phylogenetic species) using a previously
inferred phylogenetic tree. The test was run
using the bPTP Server http://species.h-its.org/
ptp/ with 500000 generations and with other
settings set as default with COI-based Maxi-
mum likelihood tree as input. Additionally, we
performed a GMYC test (Pons et al., 2006) and
implemented by Fujisawa and Barraclough

203

(2013). Approaches based on the GMY C model
rely on the expectation that intraspecific coales-
cent branching proceeds discernibly quicker
than speciation, which is modelled as a Yule
process. It requires a fully dichotomous and
rooted ultrametric tree without duplicate se-
quences based on single-gene analyses. The
COl-based ultrametric tree was calculated
using BEAST 2.6.4 (Bouckaert et al., 2019)
with 107 generations and then analyzed in the R
environment (package splits), following instruc-
tions by Fujisawa & Barraclough (2013). Final-
ly, to confirm that putative species, recovered in
delimitation analyses based on mtDNA, also
show divergence in nDNA, the 18S alignment
was inspected for phylogenetically important
species-specific substitutions.

HAPLOTYPE NETWORKS. Population
study was based on the COI sequences, inclu-
ding original sequences and those retrieved from
the GenBank (Table S1). Haplotype networks
were constructed using PopArt software (http:/
/popart.otago.ac.nz) (Leigh, Bryant, 2015) with
the TCS network method (Clement et al.,2002).
Final output networks were edited in Adobe
Mlustrator CC 2015.

NODE DATING. We used outgroup-based
existing secondary calibrations and general geo-
logy-based calibration principles as implement-
ed in Ekimova et al. (2019b), as no fossil-based
calibrations are available for fionid nudibranchs.
For the estimation we used recently published
secondary estimates for the genus Dendronotus
with three calibration points: (1) D. lacteus
(Thompson, 1840)/D. rufus O’Donoghue, 1921
— 2 Mya; (2) D. frondosus (Ascanius, 1774) /
D. primorjensis Martynov et al., 2015 — 3
Mya; and (3) D. dalli Bergh, 1879 / D. niveus
Ekimova et al., 2015 — 3.5 Mya, following
Ekimova et al. (2019b). The analysis was per-
formed in BEAST v. 2.4.4 (Bouckaert et al.,
2019). The relaxed uncorrelated lognormal clock
model was implemented to allow the rate on each
branch be independently drawn from a lognor-
mal distribution with a calibrated Birth-Death
model. Analyses were conducted with 10 million
generations and a sampling frequency of 1000,
with a burn-in of 25% of the trees generated.
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MORPHOLOGICAL STUDIES. All col-
lected specimens were used for the study of
external morphology under a stereomicroscope
Olympus SZ51. For the internal morphology
(jaws, radula, reproductive system and cnidosac
ultrastructure) at least three specimens per spe-
cies were studied to test for possible intraspeci-
fic variation. The buccal mass of each specimen
was extracted and soaked in proteinase K solu-
tion for 2 hours at 60 °C to dissolve soft tissues.
The radula and the jaws were rinsed in distilled
water, air-dried, mounted on an aluminium stub,
and sputter-coated with gold. Features of the
jaws of each specimen were analysed by optical
stereomicroscopy and scanning electron mic-
roscopy (SEM) with CamScan S2 and JEOL
JSM 6380 scanning electron microscopes. The
radulae were examined and photographed using
SEM, and the reproductive systems were exam-
ined under a stereomicroscope. Cerata of speci-
mens from different localities were dissected,
fixed in 2.5% glutaraldehyde with Millonig’s
phosphatic buffer (pH 7.4) (Millonig, 1964),
then rinsed in the same buffer. A postfixation
was performed using 1% OsO, buffered in Mil-
lonig’s phosphatic buffer for 1.5 h in the dark,
after which samples were rinsed in the same
buffer. Then cerata were dehydrated in graded
ethanol and acetone solutions and embedded in
Epon 812 resin. Twelve series of ultra-thin
sections (80 nm) were prepared with a Leica EM
UC6 ultramicrotome using a diamond knife
Ultra 45° (Diatome, Switzerland). The sections
were stained with uranyl acetate (1%, 40 min,
37 °C)and lead citrate (10 min, in the dark). The
sections were analyzed using a Jeol JEM-1011
transmission electron microscope (TEM).

Results

MOLECULAR PHYLOGENETIC ANA-
LYSIS. Trees based on the single-gene analyses
were poorly resolved (Data S1), however the
concatenated tree provided good resolution for
most clades (Fig. 2). The topology of the con-
catenated trees generated with Bayesian Infer-
ence (BI) and maximum likelihood (ML) ana-
lyses were congruent in most cases, except basal

I.A. Ekimova et al.

relationships within Fubranchus. In our analy-
sis the genus Fubranchus was recovered as
monophyletic, however with no statistical sup-
port (PP = 0.55; BS = 48). The studied speci-
mens clustered with Eubranchus sanjuanensis
from British Columbia and together formed a
monophyletic clade (PP = 1; BS = 100). Within
this clade, specimens from the Sea of Japan
form a single supported group (PP =0.98; BS =
74), which is sister to Eubranchus odhneri from
the White and the Barents seas (PP = 1; BS =
93).

POPULATION STRUCTURE. In the COI-
based TCS haplotype network (Fig. 3A), stud-
ied specimens formed two haplogroups separat-
ed by 12 substitutions: (1) White Sea and
Barents Sea specimens, (2) specimens from the
Sea of Japan. Eubranchus sanjuanensis formed
a separate haplotype, differing in 29 substitu-
tions from haplogroup 2.

SPECIES DELIMITATION. Three mono-
phyletic units recovered in the phylogenetic
analysis (specimens from the Arctic and the NW
Pacific, the NE Pacific E. sanjuanensis) were
identified as candidate species in the species
delimitation analyses (Fig. 3B). Minimum in-
terspecific and maximum intraspecific distan-
ces are shown in Table 2. The ASAP analysis
showed lowest ASAP score (2.5) for 16 groups
for entire alignment, but specimens from the
Arctic and the NW Pacific were placed in a
single group, as well as Eubranchus sp. from
Spain and E. vittatus. Iteration with 18 species
groups corresponding putative candidate spe-
cies received higher ASAP score (5.0) as inter-
specific distances value was below the barcode
gap threshold. The bPTP analysis revealed 7
candidate species for studied species complex.
The GMYC analysis recovered same groups as
putative candidate species. Finally, three candi-
date species differed by three substitutions in
the 18S dataset (positions 688—690). Overall,
bPTP and ASAP failed to delimit studied spec-
imens, suggesting oversplitting (bPTP) or over-
lumping (ASAP) delimitation schemes, possi-
bly due to lower substitution rates in the COI
marker compared to other Eubranchus species
(see discussion). However, taking into account
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Fig. 2. Molecular phylogenetic reconstruction of the genus Eubranchus based on the concatenated dataset
(COI + 16S + H3 + 18S), Bayesian inference. Species-level clades and outgroups are collapsed to a single
branch, except the target species. Eubranchus andra and Eubranchus viriola do not form two separated
monophyletic units and are shown as members of a single clade. Numbers above branches indicate posterior
probabilities (PP) from Bayesian Inference, numbers below branches — bootstrap support from Maximum
Likelihood (BS). Only PP > 0.9 and BS > 60 are shown.

Puc. 2. PexoHCTpyKIHst MOJIEKYJISIPHO-(QHIOT€HETHUECKHUX OTHOLIEHHH pona Eubranchus, moctpoeHHas 110
JaHHBIM KoMOuHupoBanHoro patacera (COI + 16S + H3 + 18S) ¢ npumenennem baifecoBckoro aHanmm3a.
AyTrpynIsl ¥ KiIaabl BUJIOBOTO YPOBHS, 33 MCKIIFOYCHHEM HCCIIEIYEMBIX BHJIOB, CKOJUIAIICUPOBAHBI J10
o/iHOM ocoOu Ha Bun. Eubranchus andra v Eubranchus viriola ve 00pa3yroT 1Ba MOHO(DHICTUYHBIX FOHUTA
U [IOKa3aHbl B COCTaBe ¢AMHON Kiazpl. Ludpsl Ha BeTBIMH 0003HAYAIOT AllOCTEPHOPHBIC BEPOSTHOCTH
(PP) BaitecoBckoro ananusa, nupbl HOA BETBSIMU — OyTcTpen-noaaepxkku (BS) merona MakcumansHOTO
npasaomnoaoous. [Tokasansl Tobko 3HaueHus PP > 0,9 u BS > 60.

the GMYC results and the differences found in
an independent nuclear marker (18S) in addi-
tion to the divergence observed in COI, we
suggest that the NW Pacific specimens repre-
sent a new distinct species, and its formal taxo-
nomical description is provided below.

DIVERGENCE TIME ESTIMATION. The
calibrated ultrametric tree is represented in Fig.
4. It suggests the diversification of E. sanjuan-
ensis, the Arctic species E. odhneri and the new
species from the NW Pacific to have taken place
during the late Miocene — Pliocene. TMRCA of
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MIMB42219 MIMB42223 British Columbia

O
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m— EUDranchus sanjuanensis GB - - - - -

AS-1 AS-2 PTP GMYC  18S

Fig. 3. Species delimitation for target Eubranchus species. A — COI haplotype network produced with TCS
method in PopART. Color of circles refers to the geographic origin of each haplotype. The relative size of
circles is proportional to the number of sequences of that same haplotype. B— results of species delimitation
analyses. Abbreviations: AS1— Assemble Species by Automatic Partitioning, value 2.0; AS2 — Assemble
Species by Automatic Partitioning, value 5.0; PTP — poisson tree process; GMYC — general mixed Yule-
Coalescent analysis; 18S — differences found in 18S dataset, positions 688—690 (total length 1863 bp).
Puc. 3. Ananm3sl MOJIEKYIISIPHOTO pa3elIeHuUs BUIOB JUIS HCCIIeIyeMbIX NpeacTaBuTenei poga Eubranchus.
A — cetp ramnotunoB o mapkepy COI, moctpoenHas ¢ momomnipio Metofa TCS B makere mporpamMMsl
PopART. Liser kpyroB 0003Ha4aeT MPUHAIICKHOCT KAXKIOTO raluIOTUIIA K ONPEICICHHOMY reorpadu-
YeCKOMY JIOKIUTETY. OTHOCHTEIBHBIN pa3Mep KpyroB IIPOIIOPIHOHAICH KOJIMUECTBY CHKBEHCOB COOTBET-
CTBYIOLINX OJHOMY TaIUIOTHITy. B — pe3ynpTarel genuMuTannonHoro ananusa. O6oznauenus: AS-1 —
BBIJICJICHHE BUJIOB aBTOMaTH4yecKuM pasjeneHueM (ASAP), 3nauenue 2,0; AS-2 — BbIJICICHHE BUIOB
aBTOMaTH4IecKUM pasnencaueM (ASAP), 3nauenne 5,0; PTP — myaccoHOBCKOE IIpoIiecCHpOBaHUE IepeBa;
GMYC — reHepanu3upoBaHHBIA CMEIIAHHBIA aHAIU3 KoanecleHTHoH monxenu FOms; 18S — moxkasansrl
pasnuuust B 18S martacere, mosuin 688—690 (obmas miuHa 1863 m.H.).

Table 2. Uncorrected range interspecific (regular font) and maximum intraspecific (bold) p-distances
calculated in MEGA?7 for three candidate Eubranchus species included in this study (in %).

Tabnuna 2. HeckoppeKTHpOBaHHBIE MHHUMAJIbHBIC H MaKCUMAaJIbHbIC MEKBHIOBBIC (OOBIYHBIN MPUPT) U
MaKCHMaJbHbIe BHYTPUBHIOBBIC (IIOJIYKUPHBIN MWPHOT) p-TUCTALMHI, HOCYUTAHHBIC B IPOrPaAMMe
MEGAT7 st tpex BunoB Eubranchus BKIFOUYCHHBIX B JJaHHOE HccienoBanue (B %).

Eubranchus Eubranchus Eubranchus
malakhovi sp.n. odhneri sanjuanensis
\Eubranchus malakhovi sp.n. 1.13
\Eubranchus odhneri 2.48-3.38 0.45
\Eubranchus sanjuanensis 6.53—7.43 7.88 n/a
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Fig. 4. Chronogram of divergence times in the genus Eubranchus obtained using BEAST software.
Divergence time estimates are displayed on respective supported node (in Mya). The molecular clock was
calibrated using the closure of the Bering Strait (red branches), based on the Iterative calibration approach
from Ekimova et al. (2019b). Grey branches indicate unsupported relationships. Species-level clades and
outgroups are collapsed to a single branch, except the target species. Eubranchus andra and Eubranchus
viriola do not form two separated monophyletic units and are shown as members of a single clade.

Puc. 4. XpoHorpamMma BpeMeHH JTUBEPreHIMH BUIIOB poaa Eubranchus, monydeHHast B TAKETE MPOrPaMMbI
BEAST. Onenka BpeMeHH pa3zieieHHs BUJIOB MOKa3aHa B COOTBETCTBYIOIIMX MOAJCPKaHHBIX y3lax (B
MITH.JL.H.). MOseKy IsIpHbIe Yachl ObUTH OTKATMOPOBAHBI MO JAaTHPOBKAM 3aKpbITHs BepHHroBa mposuBa
(KpacHBbIe y3JIbl), HA OCHOBAaHHHU HTEPATHBHOTO KatnopoBouHoro noaxoza (Ekimova et al., 2019b). Ceprie
BETBH 0003HAYAIOT HEMOJICPKaHHBIC (DMIOTCHETHYECKHE OTHOLICHUS. AYTIPYINIIbI M KJIajbl BUIOBOTO
YPOBHSI, 32 HCKJIFOUCHHEM HCCIICAYEMbIX BUIOB, CKOJUTAIICHPOBAHBI 10 OJHON ocoOu Ha Bu. Eubranchus
andra w Eubranchus viriola He 00pa3yroT 1Ba MOHO(DWICTHYHBIX FOHUTA U TMOKA3aHBI B COCTABE CIUHOMN
KJTa 1Bl
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E. odhneri and the new species from the NW
Pacific is 1.45 Mya.

Systematics

Order Nudibranchia
Suborder Cladobranchia
Superfamily Fionoidea
Family Fionidae sensu Cella et al., 2016
Eubranchus odhneri (Derjugin et Gurjanova,
1926)
Figs 5, 6, 7A, B, 8A, 9.

TYPE MATERIAL. Lost.

TYPE LOCATION. Novaya Zemlya, Bar-
ents Sea.

MATERIAL EXAMINED. ZMMU
WS3435, 1 specimen, tissue sample, White Sea,
Velikaya Salma Strait, Velikiy Is., 11-15 m in
depth, 10.06.2013, coll. A. Semenov. MIMB
42213, 1 specimen, dissected, L (length) = 17
mm, Barents Sea, Teriberka Bay, 69°11.085'N
35°07.895’E, 10 m in depth, 13.05.2019, coll.
T. Antokhina. MIMB 42214, 1 specimen, dis-
sected, L =20 mm, Barents Sea, Teriberka Bay,
69°11.407'N 35°08.221’E, 5-20 m in depth,
14.06.2020, coll. T. Antokhina. MIMB 42217,
1 specimen, dissected, L = 16 mm, Barents Sea,
Teriberka Bay, 69°11.407'N 35°08.221'E, 5-
20 m in depth, 12.06.2020, coll. T. Antokhina.
MIMB 42215, 1 specimen, L = 14 mm, dissect-
ed, Barents Sea, Teriberka Bay, 69°11.407'N
35°08.221’E, 5-25 m in depth, 16.06.2020,
coll. T. Antokhina. MIMB 42216, 1 specimen,
dissected, L = 15 mm, Barents Sea, Teriberka
Bay, 69°11.407'N35°08.221’E, 5-25 mindepth,
16.06.2020, coll. T. Antokhina.

EXTERNAL MORPHOLOGY. Length up
to 20 mm. Body elongate, narrow. Cerata ar-
ranged in up to seven distinct rows, with up to
five cerata per row. Dorsal cerata swollen, di-
gestive gland occupies up to 20% of their vo-
lume. Lateral cerata tubular, digestive gland
diverticula occupy almost all internal space.
Oral tentacles and rhinophores simple, elongat-
ed. Rhinophores longer than oral tentacles,
smooth. Reproductive opening located laterally
under second ceratal row at right. Anal opening

I.A. Ekimova et al.

acleioproctic, behind first three ceratal rows at
right.

COLOURATION. Background color trans-
lucent-white. Rhinophores translucent. Diges-
tive gland diverticula from pale brownish or-
ange to red and clearly seen through translucent
ceratal wall. Cnidosac areas marked with apical
white pigmented caps (Fig. 5).

ANATOMY. Paired jaws triangle-shaped,
thin and delicate, masticatory border of jaw with
up to 10 distinct denticles (Fig. 6A, B). Radular
formula 54-58 x 1.1.1. Rachidian teeth with
slightly compressed conical cusps and 4-5 large
denticles on each side. Lateral teeth triangle
wide plates, thin and delicate, with triangle
attenuated process in inner top. Length to width
of lateral teeth ratio varies from 1:2 to 1:4 (Figs
6C-E; 7B).

Digestive gland with three main branches
(right and left anterior and posterior), divertic-
ula entering into cnidosacs, occupying each
ceras top. Cnidosacs oval, with distinct prolif-
eration and cnidophage zones. Cnidosac mus-
culature thin-walled with indistinct layers. Cni-
dophages large cells, containing numerous
small nematocysts in granular part of cyto-
plasm, rest cytoplasm electron-transparent.
Distinct digestive vacuoles surrounding nema-
tocysts. Haemocoel contains numerous amoe-
bocytes. Epithelial cells with numerous vacu-
oles containing chitinous spindles, large mu-
cous cells with electron-transparent compounds
and specific cells with rounded electron-dense
discs (Figs 8A; 9).

Reproductive system diaulic. Ampulla small
bean-shaped sac. Prostatic vas deferens dis-
tinct, muscular, convoluted by midline, expand-
inginto muscular penial sac. Penial gland present,
inserting into penial base. Penial stylet present,
short. Receptaculum seminis large muscular,
with indistinct grooves where connected to va-
gina (Fig. 7A).

GEOGRAPHICRANGE. Barents Sea (Der-
jugin, Gurjanova, 1926; Martynov et al., 2006;
present study), White Sea (Roginskaya, 1987,
present study), Norway (Bergh, 1886).

BIOLOGY. This species was found on dif-
ferent hydrozoans, including Sertulariidae spe-
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Fig. 5. Eubranchus odhneri, living specimens. A — MIMB42214; B— MIMB42217; C — MIMB42215;
D — MIMB42213, living specimen in natural environment on unidentified sertulariid colony; E — ZMMU
WS3435, living specimen in natural environment on unidentified sertulariid colony. Scale bar 5 mm.
Puc. 5. Eubranchus odhneri, nprwxusaennsie ¢pororpapun. A — MIMB42214; B — MIMB42217; C —
MIMB42215; D — MIMB42213, u1B0ii IpeICTaBUTENb B €CTECTBEHHOM cpesie 0OOMTaHUs Ha Heompee-
JICHHOW KOJIOHUH CEePTYIAPUUAHBIX TUAPonI0B; E—ZMMU WS3435, xuBoii mpeacTaBuTenh B €CTECTBEH-
HOM cpeae OOMTaHHUs Ha HEONPEACTICHHOW KOJIOHHU CEPTYIIPUUIHBIX THAPOUI0B. MacimTtad 5 MM.

cies (Fig. 5D, E). Egg mass a single-coiled Jjuanensis) by its larger body size, radular mor-

spiral phology and minor differences in colouration,

pral ) ) ) ) cnidosac structure and reproductive system (for
REMARKS. This species differs from its

details see Remarks section in E. malakhovi
closer relatives (E. malakhovi sp.n. and E. san-  sp.n. description).
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i 2
Fig. 6. Buccal armature in Eubranchus odhneri, SEM. A—MIMB42216, right jaw plate; B— MIMB42217,
details of masticatory border denticulation; C — MIMB42217, radula; D — MIMB42217, rachidian and
lateral teeth, middle radular portion; E — MIMB42216, rachidian and lateral teeth, middle radular portion.
Scale bars: A, C— 100 pum; B, E— 20 um; D — 50 um.
Puc. 6. BykkanbsHoe Boopyskenue Eubranchus odhneri, COM. A — MIMB42216, npaBast ueitocTHas IIaCTHH-
ka; B — MIMB42217, neramm 3a3yOpeHHOCTH >keBarenbHOro orpoctka; C — MIMB42217, panyma; D —

MIMB42217, neHTpasnbHbIe U JaTepabHbIe 3yObl, cpeaHsis yacTh paayisl; E— MIMB42216, nentpansHble
U JIaTepasibHbIe 3yObl, cpe/iHss yacTh paayisl. Macmrad: A, C — 100 um; B, E — 20 um; D — 50 um.
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Eubranchus malakhovi sp.n.
urn:lsid:zoobank.org:act:BA5511B3-C9A1-
4CD9-A17C-D2088BFA5CD8
Figs 7C, E, F, 8B, 10-12.

TYPE MATERIAL. Holotype MIMB
42219, L = 5 mm, North-West Pacific, Sea of
Japan, Rudnaya Bay, 44°28.550'N 136°06.523’
E, 15-20 m in depth, 24.07.2020, coll. T. An-
tokhina, Yu. Deart. Paratypes: MIMB 42218, 1
specimen, dissected, L = 5 mm, locality, date
and collectors same as MIMB 42219. MIMB
42220, 1 specimen, L =4 mm, locality, date and
collectors same as MIMB 42219.

TYPELOCALITY. North-West Pacific, Sea
of Japan, Rudnaya Bay, 44°28.550'N 136°06.
523’E, 15-20 m in depth.

ADDITIONAL MATERIAL EXAMINED.
MIMB 42221-42223, 3 specimens, 2 dissect-
ed, L = 4-6 mm, locality, date and collectors
same as MIMB 42219. MIMB 42224-42228, 5
specimens, 3 dissected, L = 4-8 mm, North-
West Pacific, Sea of Japan, Rudnaya bay,
44°29.775'N 136°09.075’E, 7-19 m in depth,
24.07.2020, coll. T. Antokhina, Yu. Deart.

ETYMOLOGY. This species is named in
honor of Prof. Vladimir V. Malakhov, Head of
the Invertebrate Zoology Department, Lomonos-
ov Moscow State University. Prof. Vladimir V.
Malakhov is a teacher of the authors of this
paper, for many years he has shared knowledge
and dedicated his time and efforts to inspire and
foster research on invertebrate zoology in us
and other young scientists. His contributions
promoted studies of marine communities in the
Russian Far Eastand greatly improved the knowl-
edge on the NW Pacific marine fauna.

EXTERNAL MORPHOLOGY. Length up
to 8 mm. Body elongate, narrow. Cerata ar-
ranged in up to six distinct rows, up to four
cerata per row. Dorsal cerata swollen, digestive
gland occupies up to 50% of their volume.
Lateral cerata tubular, digestive gland divertic-
ula occupy almost all internal space. Oral tenta-
cles and rhinophores simple, elongated, up to
0.8 mm in length. Rhinophores stout, smooth.
Reproductive opening located laterally under
second ceratal row atright. Anal opening acleio-
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proctic, behind first three ceratal rows at right.

COLOURATION. Background color trans-
lucent-white. Rhinophores with minute white
pigmentation. Digestive gland diverticula from
bright-orange to reddish-orange and clearly seen
through translucent ceratal wall. Cnidosac areas
marked with apical white pigmented caps (Fig.
10).

ANATOMY. Paired jaws triangle-shaped,
thin and delicate, masticatory border of jaw with
up to 10 distinct denticles (Figs 7E; 11A, B).
Radular formula 32-39 x 1.1.1. Rachidian teeth
with slightly compressed conical cusp and 3—4
large denticles on each side. In several rachidian
teeth innermost denticles smaller than outer
denticles. Lateral teeth triangle, plate-like, thin
and delicate, with triangle attenuated processes
at inner top. Ratio of length to width varies from
1:1.5 to 1:2.5 even in a single row (Figs 7C;
11C-E).

Digestive gland with three main branches
(right and left anterior and posterior), divertic-
ulaentering the cnidosacs, occupying each ceras
top. Cnidosac oval, with distinct proliferation
and cnidophage zones. Cnidosac musculature
thin-walled with indistinct layers. Cnidophages
large cells, containing large vacuoles with elec-
tron-transparent compound, and numerous nem-
atocysts in granular part of cytoplasm. Distinct
digestive vacuoles surrounding nematocysts.
Haemocoel contains numerous amoebocytes.
Epithelial cells with numerous vacuoles con-
taining chitinous spindles, large mucous cells
with electron-transparent compounds and spe-
cific cells with rounded electron-dense discs
(Figs 8B; 12).

Reproductive system diaulic. Ampulla small
bean-shaped sac. Prostatic vas deferens dis-
tinct, muscular, convoluted around midline,
expands in muscular penial sac. Penial gland
present, inserts into penial base. Penial stylet
present, short. Receptaculum seminis large,
muscular, bent in midline, slightly narrows into
vagina (Fig. 7E).

GEOGRAPHIC RANGE. This species is
only known from the type locality, the Sea of
Japan, Rudnaya Bay, however it probably has
wider distribution in the North-West Pacific.
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B
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Fig. 7. Details of anatomy in Eubranchus odhneri — Eubranchus sanjuanensis species complex, schematic
drawings. A — Eubranchus odhneri, reproductive system; B — Eubranchus odhneri, rachidian and lateral
teeth, middle radular portion; C — Eubranchus malakhovi sp.n., rachidian and lateral teeth, middle radular
portion; D — Eubranchus sanjuanensis, rachidian and lateral teeth, after Roller, 1972; E — Eubranchus
malakhovi sp.n., right jaw plate; F — Eubranchus malakhovi sp.n., reproductive system.

Abbreviations: amp — ampulla; fgm — female gland mass; mp — masticatory process; ov — oviduct; p — penis; pgl —
penial gland; psh — penial sheath; pst — penial stylet; pvd — prostatic vas deferens; rs — receptaculum seminis; va
— vagina. Scale bars: A — 1 mm; E — 200 um; F — 400 pm.

Puc. 7. Cxemaruueckue n300paKeHNUs aHATOMUYECKUX AMArHOCTUYECKUX MPU3HAKOB PAa3INYHBIX BHIOB
komruiekca Eubranchus odhneri — Eubranchus sanjuanensis. A — Eubranchus odhneri, monosast cucrema;
B — Eubranchus odhneri, neHTpanbHble U JaTepanbHbIe 3yObl, cpeansst 4acTb paxynsl; C — Eubranchus
malakhovi sp.n., HeHTpanbHbIE U IaTepaIbHbIC 3yObl, CPEHsI YacTb paxyibl, D— Eubranchus sanjuanensis,
LIEHTpAJIbHEIE U JIaTepajibHble 3yOsl, 1o Roller, 1972; E — Eubranchus malakhovi sp.n., neBas 4enrocTHas
wiactuka; F — Eubranchus malakhovi sp.n., monoBast cuctema.

O0o3HaueHns: amp — amITyJuIa; fgm — KOMIUIEKC )KEHCKHX KEeJIe3; MpP — JKeBATEIbHBIH OTPOCTOK; OV — OBUIYKT; P —
NeHuc; pgl — neHnanbHast Jxee3a; psh — kapMaH IeHuca; pst — CTWIET NeHuca; pvd — IpocTaTHYeCKHH CeMSIIIPOBOI;
'S — CeMSIPUEMHHK; va — BaruHa. Macmrad: A — 1 mm; E — 200 um; F — 400 pm.
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mc
mb
cnph ep
lu

Fig. 8. Schematic representation of cnidosac area in Eubranchus malakhovi sp.n. and E. odhneri. A —
E. odhneri; B— E. malakhovi sp.n.

Abbreviations: cnph — cnidophages; dg — digestive gland; ep — epidermis; he — haemocoel; lu — lumen; mb — body
wall musculature; mc — cnidosac musculature; mv — microvilli; nc — obtained nematocysts.

Puc. 8. Cxemarnueckoe n300paskeHne 30HbI KHUO0CAKOB Eubranchus malakhovi sp.n. u E. odhneri. A —
E. odhneri; B — E. malakhovi sp.n.

O603nauenus: cnph — kaugodary; dg — numeBapuTeIbHas XKee3a; ep — MUAEPMHUC; he — remorens; lu — 1oMmeH;
mb — MyCKyJaTypa CTEeHKHU Tella; MC — MYCKYJIaTypa KHUJI0CAKa; MV — MUKPOBHIUIN; NC — KICNTOKHH/IBI.
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< _‘_‘I _ ) -
Fig. 9. Cnidosac ultrastructure in Eubranchus odhneri, TEM, longitudinal section. A — general view of
distal ceras area; B — details of epidermis ultrastructure; C—F — details of cnidophage zone ultrastructure,
white triangles mark digestive vacuole in cnidophage cell; G — details of cnidophage and lumen.
Abbreviations: cnph — cnidophage; gc — epidermal granular cells; ep — epidermal cells; lu — lumen; mb — body wall

musculature; me — cnidosac musculature; mu — mucous cell; nc — obtained nematocyst; va — vacuoles with chitinous
spindles. Scale bars: A — 50 um; B, D, F — 10 ym; C — 5 um; E, G — | um.
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Fig. 10. Eubranchus malakhovi sp.n., living specimens. A — holotype MIMB42219, dorsal view; B —
MIMB42220-MIMB42224; C — living specimen in natural environment on unidentified sertulariid
colony; D — living specimen in natural environment on unidentified colony with egg mass. Scale bar: 5 mm.
Puc. 10. Eubranchus malakhovi sp.n., npmwxusnennsie pororpadpuu. A — roxorun MIMB42219, Bun ¢
JnopcanbHOil ctoponbl; B — MIMB42220-MIMB42224; C — xuBOW NpeJCTaBUTEIb B €CTECTBEHHOM
cpelie OOMTaHus Ha HEOTPEICICHHON KOJIOHUH CePTYJIISPUH/IHBIX THAPOHI0B; D — UBOIl NIPEACTaBUTENb
M €ro KJIaJIKa B €CTECTBEHHOH cpejie OOMTaHUS HAa HEONPEIeICHHOM KOJIoHHH. Macmitad: 5 M.

Puc. 9. YneTpactpyktypa KHUn0cakoB Eubranchus odhneri, TOM, npoaonbHbiii cpe3. A — oOmmii B
JIUCTANILHOM yacTH 1iepathl; B — neranu ynerpactpykrypsl anuaepmuca; C—F — netanu ynbTpacTpyKTyphbl
KHHUJIOCaKa, OeNbIMH TPEYroJbHUKAMH OTMEYCHA MUIIEBAPUTENIbHAS BaKyosb KHUAodara; G — obiacth
KOHTaKTa KHUI0(AroB ¢ MpOCBETOM KHHOCAKA.

O6o03nauenust: cnph — xHuAOGAr; gc — dHHAepMaIbHas KISTKa ¢ TPaHyIIPHBIMH BKIIOUCHUSIME; ep — dHHAEePMab-
HBIe KJIETKH; [u — mroMeH; mb — MycKyIaTypa CTeHKH Tella; MC — MYCKyJIaTypa KHHAOCAKa; Mu — CIIH3eBas KICTKa,
Nnc — KJICNTOKHH/A; Va — BaKyOJIH C TPaHyJSIpHBIM XUTHHOM. Macmtad: A — 50 um; B, D, F — 10 pm; C — 5 um;
E,G—1 pum.
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Fig. 11. Buccal armature in Eubranchus malakhovi sp.n. A— MIMB42226, left jaw plate, light microscopys;
B — MIMB42226, details of masticatory border denticulation, light microscopy; C — MIMB42224, radula,
SEM; D — MIMB42224, rachidian and lateral teeth, middle radular portion, SEM; E — MIMB42227,
rachidian and lateral teeth, middle radular portion, SEM. Scale bars: A, C— 100 um; B— 50 um; D, E —
20 pm.

Puc. 11. bykkansHoe Boopyxenue Eubranchus malakhovi spn. A — MIMB42226, neBast yenrocTHas
IUIAaCTUHKA, CBeTOBass MUKpockomnus; B — MIMB42226, neranu 3a3yOpeHHOCTH jK€BaTEILHOTO OTPOCTKA
YeJoCcTH, cBeToBas Mukpockonus; C — MIMB42224, panyna, COM; D — MIMB42224, nenrpaibubie u
natepajbHbIe 3yObl, cpeanss yacThb paxynbsl, COM; E— MIMB42227, nedtpanbHble U TaTepaibHbIC 3yObl,
cpenusist yacTh pagaynsl, COM. Macmira6: A, C — 100 pum; B — 50 um; D, E — 20 um.
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Fig. 12. Cnidosac ultrastructure in Eubranchus malakhovi sp.n., TEM, longitudinal section. A — general
view of cnidosac proximal part with adjacent haemocoel and digestive gland diverticulum; A1, A2 — details
of cnidophage zone showing nematocyst digestive vacuole (A1, white triangles) and cnidophages adherent
junction (A2, white triangles). B, C — details of cnidophage zone; D — epidermis ultrastructure, white
tangles indicate basal laminae; E — epidermal granular cell.

Abbreviations: cnph — cnidophage; dg — digestive gland; ec — “embryonic” cnidosac cells; ep — epidermal cells;
gc — epidermal granular cell; hc — haemocoel; mb — body wall musculature; mc — cnidosac musculature; mu —
mucous cell; nc — obtained nematocysts; nu — nucleus; va — vacuoles with chitinous spindles. Scale bars: A, B —
10 pm; A1, A2 —2 um; C-E — 5 um.

Puc. 12. Ynerpactpykrypa kKHHO0cakoB Eubranchus malakhovi sp.n., TOM, npononsHsii cpe3. A —
o0mMit BUJ MPOKCUMAIIBHOM YaCTH KHHUJIOCAKa C MPUJICTAIOIIMM TeMOLIEIEM U JUBEPTUKYJIOM MHUILEBAPHU-
TeNbHOH keue3bl; Al, A2 — netaiy ynbTpacTpyKTYpbl KHU0(AroBs, MUIIEBAPUTEIbHAS BAKyOJIb HEMa-
TOLHCTHI (A1, Geble TPeyroIbHHUKH) M KIIeTOUHbIEe KOHTAKTHl KHUodaros (A2, Gexsre Tpeyronsaukn). B, C —
30Ha KHUA0(DAroB; D — yibTpacTpykTypa snuaepmuca, 6eabIMi TpEeyroJlbHIUKaMK 0003HaYeHa OazaibHas
lacTuHKa; E — snuiepmalibHast KIeTka ¢ rpaHy/IMpOBaHHBIM COJIEPKHUMBIM.

O6o3HaueHMs: Cl’lph — KHPUIOq)aF; dg — NUIIEBapUTEIbHAsA XKEJIe3a; €C — «3M6pI/l0HaJ'ILHBIC» KJIIETKH KHHUJ0CaKa; €p —
IMUAEPMATbHbBIC KIETKH; Mb — MyCKylIaTrypa CTeHKH Tesla; MC — MYCKyJaTypa KHHIOCAKa; MU — CIH3eBast KIETKa;
£C — dSnuAepMalibHast KIE€TKa ¢ IpaHyJISIPHBIMU BKIFOUCHUSIMU, he — TeMOLEIIb; NC — KJICNTOKHUBI; NU — SAPO; va —
BaKyOJIM C XUTMHOBBIMH TpaHyiaMu. Macmrad: A, B — 10 um; Al, A2 — 2 pm; C-E — 5 pm.
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BIOLOGY. This species was found on dif-
ferent hydrozoans, including Obelia spp. and
several Sertulariidac species. Egg mass is a
single-coiled spiral.

REMARKS. Eubranchus malakhovi sp.n.
differs from its closest relative, E. odhneri from
Arctic waters by having a shorter body and some
other minor differences in colouration, radular
morphology, reproductive system and cnidosac
ultrastructure. Specifically, adult E. odhneri
reach up to 20 mm in length, with more ceratal
rows and number of cerata per row than E.
odhneri (Fig.5).In E. odhneri color of digestive
gland diverticula varies from brownish red to
pale reddish, sometimes reddish orange, how-
ever E. malakhovi sp.n. usually has bright or-
ange diverticula. In E. odhneri the white pig-
mentation of the rhinophores is indistinct, e.g.
white dots are sparse if present, while in E.
malakhovi sp.n. this pigmentation is obvious
(Figs 5; 10). Internally, E. odhneri possesses
longer lateral teeth than E. malakhovi sp.n., e.g.
ratio length to width is up to 1:4 in E. odhneri,
and only 1:2.5 in E. malakhovi sp.n. (Fig. 7B,
D). Also, E. odhneri possesses more rows of
teeth (up to 58 in MIMB 42217) (Figs 6C; 11C).
The jaw morphology is similar in the two spe-
cies (Figs 6A, B; 7E; 11A, B). Reproductive
system configuration quite similar in the two
species, however, in E. malakhovi sp.n. the
receptaculum seminis is bent in the midline,
while it is straight in E. odhneri (Fig. 7A, F).
Finally, in cnidosacs of E. malakhovi sp.n. the
cnidophages contain numerous closely packed
large vacuoles with electron-transparent com-
pound, when electron-transparent areas within
E. odhneri cnidophages are not enclosed into a
vacuole. Other ultrastructural features of cni-
dosacs in these two species are in general similar,
however in E. odhneri the cnidophages contain
another nematocysts type in larger number.

Another Pacific species from Washington
and British Columbia, E. sanjuanensis also show
several differences with E. malakhovi sp.n. Al-
though the size of these two species is similar as
well as the general colouration, E. sanjuanensis
differs in external morphology from E. mala-
khovi sp.n. by having translucent rhinophores.
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Eubranchus sanjuanensis has much shorter tri-
angle lateral teeth (length to width ratio is al-
most 1:1) and less denticles on the rachidian
tooth (3) (Fig. 7D). It also possesses more teeth
rows (up to 50). Unfortunately, the reproductive
system of E. sanjuanensis was not studied in
detail.

Discussion

Our results clearly show Eubranchus mala-
khovi sp.n., E. odhneri and E. sanjuanensis
represent a complex of three close, but distinct
species. Although our phylogenetic analysis
revealed quite low support of most branches due
to low taxon sampling and heterogeneity in
sequencing efforts, the Fubranchus odhneri —
E. sanjuanensis species complex in general as
well as each target species are monophyletic
and highly supported (Fig. 2). Both COI and
18S datasets show that E. malakhovi sp.n. dif-
fers from both E. odhneri and E. sanjuanensis
(Fig. 3), and E. malakhovi sp.n. is recovered as
a well-supported monophyletic group in the
concatenated phylogenetic analysis (Fig. 2).
The GMYC analysis clearly separates all three
species, however other delimitation approaches
tend to either oversplit (bPTP) or overlump
(ASAP) sample groups in comparison to our
initial species hypothesis. The overlumped spe-
cies delimitation result is most likely an artefact
of delimitation approaches. ASAP (Fig. S1) is
based on detecting a single barcode gap for the
whole group (Puillandre et al., 2021). Thus it is
unsuited for cases when different species have
been formed at different times. The bPTP meth-
od should mitigate such problems, as it is based
on tree topology and node support, not only
branch lengths (Zhang ef al., 2013). In our case
bPTP fails to delimit species correctly as our
COl-based ML tree is not well-resolved enough
due to low substitution rates at species level
(Data S1).

The molecular clock analysis estimates the
age of the most recent common ancestor of £.
malakhovi sp.n. and E. odhneri is ~1.5 Mya
(Fig. 4). The relatively short period of time that
elapsed since their divergence, and the small
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genetic distances between them (2.48-3.38%),
are in no way inconsistent with E. malakhovi
sp.n. and E. odhneri separation as distinct spe-
cies. Low values of p-distances are quite com-
mon for trans-Arctic sister species, which speci-
ation is likely affected by the Bering Strait
paleogeography: for Acanthodoris pilosa
(Abildgaard [in Miiller], 1789) and 4. atro-
griseata O’Donoghue, 1927 (Doridina: Onchi-
dorididae) the COI p-distance is 4.47% (Hallas
et al., 2016), for Dendronotus lacteus and D.
rufus itis 3.37% (Ekimova et al., 2019b) and for
Microchlamylla gracilis (Alder et Hancock,
1844) and M. amabilis (Hirano et Kuzirian,
1991) it is 3.8% (Korshunova et al., 2017,
Ekimova et al., in press). There is no data on
overlap of geographic ranges and differences in
nDNA (Fig. 3B) show no evidence of possible
areas of secondary contact. Analysis of mor-
phological traits also supports this view-
point, we found consistent differences in both
external (colouration of rhinophores) and inter-
nal (radula, the reproductive system) morphol-
ogy and also in the cnidosac ultrastructure (Figs
5-12). Differences found in the morphology of
the digestive system, i.e. radular characters and
cnidosac ultrastructure may suggest different
diets. However, we did not find any evidence of
ecological differences as the two species were
found on similar hydrozoan colonies (family
Sertulariidae), as well as E. sanjuanensis was
also found on Sertularella sp. (Roller, 1972).
Speciation within E. sanjuanensis — E. odh-
neri species complex may be explained by two
concepts with different hypotheses: allopatric
speciation or ecological radiation. Amphibore-
al molluscs can have very subtle differences in
morphology (Ekimova et al., 2019b), as both
abiotic conditions and marine communities are
quite similar (Vermeij, 1991). Distributional
ranges and estimated divergence times suggest
that three studied species could be allopatric
species formed following Pliocene and Pleis-
tocene climate changes and subsequent opening
and closing of the Bering Strait (Briggs, 1995;
Avise, 2000; Marinkovich, 2000; Gladenkov et
al., 2002; Gladenkov, 2006; Lyle et al., 2008;
Matthiessen et al., 2009; Laakkonen et al.,
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2021). Frequent events isolating populations in
similar habitats led to a multitude of recently
diverged sister species, occupying identical nich-
es in different locations (Carlton ef al., 1991;
Vermeij, 1991; Nakano, Ozawa, 2004; Ekimo-
va et al., 2019b). Depending on chance and
population sizes either no significant morpho-
logic divergence from ancestral lineages, or
high plasticity of traits may be expected. At the
same time, some morphological differences in-
dicate that other drivers might cause speciation
at least in case of E. malakhovi sp.n. and E.
odhneri. The latter species has larger body size
comparing to both E. malakhovi sp.n. and E.
sanjuanensis, and all three species display dif-
ferent morphology ofradula (Figs 6; 7B-D; 11).
It has been suggested that the evolution of
nudibranch molluscs is driven by specialization
on specific diet resulting in different feeding
modes (Cimino, Ghiselin, 1999; Wigele, 2004;
Burghardt et al., 2008; Gobeller, Klussman-
Kolb, 2011; Goodheart et al., 2017; Mikhlina et
al.,2020). It also has been suggested that evolu-
tionary prey shift promotes changes in the feed-
ing apparatus and, in particular, in the radular
morphology (Young, 1969; Valdés, 2004; Bel-
monte etal.,2015; Cellaetal.,2016; Korshuno-
va et al., 2017; Ekimova et al., 2019a, b).
Consequently, different radular morphologies
inclose species may suggest diet-driven ecolog-
ical speciation (Ekimova et al., 2019b). We do
not have enough evidence to distinguish wheth-
er these species were formed allopatrically and
later acquired morphological differences, or
diverged sympatrically on different food sourc-
es and later expanded to different areas. In
either case both morphologically and genetical-
ly E. malakhovi sp.n. is distinct from its both
sister species.
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