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ABSTRACT. Flabellina rubrolineata was believed to have a wide distribution range, being reported from
the Mediterranean Sea (non-native), the Red Sea, the Indian Ocean and adjacent seas, and the Indo-West
Pacific and from Australia to Hawaii. In the present paper, we provide a redescription of Flabellina
rubrolineata, based on specimens collected near the type locality of this species in the Red Sea. The
morphology of this species was studied using anatomical dissections and scanning electron microscopy. To
place this species in the phylogenetic framework and test the identity of other specimens of F. rubrolineata
from the Indo-West Pacific we sequenced COI, H3, 16S and 28S gene fragments and obtained phylogenetic
trees based on Bayesian and Maximum likelihood inferences. Our morphological and molecular results show
a clear separation of F. rubrolineata from the Red Sea from its relatives in the Indo-West Pacific. We suggest
that F. rubrolineata is restricted to only the Red Sea, the Arabian Sea and the Mediterranean Sea and to West
Indian Ocean, while specimens from other regions belong to a complex of pseudocryptic species.
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PE3YOME. Flabellina rubrolineata nonroe Bpems c4u-
Tajcs MIPOKO PpacIpoCTPaHEHHBIM HUPKyMTPOIHUEC-
KHM BHJIOM, paclpoCTpaHeHHBIM B CpeAn3eMHOM MOpe
(B pesynbrare Bcenenus), Kpacnom mope, Maauiickom
OKEaHE U CBSI3aHHBIM C HUM MOPSIX, B TPOTIMYECKUX U
cyOTponuuecKux Bo/Iax 3anaaHoi uactu Tuxoro okea-
Ha, TPUOPEKHBIX Bojlax ABCTpanuu U [ aBalickux oct-

poBoB. B nanHO# paboTe MBI IPUBOIUM OOHOBIICHHOE
TaKCOHOMHYECKOE OIMCaHHUE JAHHOTO BU/Ia 110 00pas-
11aM, CoOpaHHBIM BOJIN3U TUIIOBOTO MECTOHAX 0K ICHUSI
Buza B Kpacnom Mope. Mopdosorus Obuta n3ydeHa c
MIPUMEHEHHEM aHATOMHUYECKHUX BCKPBITUI U CKaHHUPY-
IOIEH DJIEKTPOHHON MUKpockonuu. it CpaBHEHHS
9THX 3K3EMIUBIPOB ¢ ocobsimu F. rubrolineata w3 npo-
Becr [MTaruduku 0611 IPOBEICH MOJICKYIIAPHO-(pHIOTe-
HeTUYecKuil ananus mo yetbipem mapkepam: COI, H3,
16S u 28S ¢ mpuMmeHeHHEM 0alfleCOBCKOTO METOIa U
METO/1a MAKCUMAJIBHOTO IipaBaonoooust. [Tomydennsie
PE3YNBTaThl CBUACTENBCTBYIOT, UT0 ocodu F. rubroli-
neata n3 KpacHOro Mopsi OTIH4at0TCst OT 00pa3oB U3
Wuno-Bect [Naundukn kak mo MopoIorH4eckKum, Tak
U TI0 MOJICKYJSIDHBIM JIaHHBIM. Takum 00pa3om, Ml
npesnonaraeM, uaro F. rubrolineata 0OUTaeT TONBKO B
Kpacuaom, ApasuiickoM, Cpeqiu3eMHOM MOPSIX U OJIH3-
JIeXAINX PETHOHAX, B TO BpeMs Kak B JPYTUX 00IacTIX
OH TIPEJICTABIEH KOMIUIEKCOM ICEBIOKPUITHYECKUX
BUJIOB.

Introduction

The implementation of molecular methods in
systematics and organisms identification has un-
covered a vast assortment of cryptic species and
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species complexes, from what were believed to be
single vicarious species with plastic morphology
[Martin, Bermingham, 2000]. In many cases ex-
tremely large distribution ranges may be a good
indicator for the discovery of cryptic species com-
plex. For nudibranch molluscs this situation is also
extremely common, as many widely distributed
species were divided into several cryptic or pseu-
docryptic species in different taxa: various Chromo-
doris species [Layton et al., 2018; Tibirica et al.,
20201, Diaulula sandiegensis (Cooper, 1983) [Lind-
say et al., 2016], Dendronotus frondosus (Ascan-
ius, 1774) [Stout et al., 2010; Ekimova et al., 2015,
2019], Spurilla neapolitana (Delle Chiaje, 1841)
[Carmona et al., 2014], Fiona pinnata (Eschscholtz,
1831) [Trickey et al., 2016], Hermissenda crassi-
cornis (Eschscholtz, 1831) [Lindsay, Valdés, 2016],
Aeolidia papillosa (Linnaeus, 1761) [Kienberger et
al., 2016], and many others. Opposite situation is
also plausible, i.e. fionid species Cuthona nana
(Alder & Hancock, 1842) was suggested to be a
species complex with Cuthona divae (Er. Marcus,
1961) inhabiting North East Pacific, Cuthona her-
mitophila Martynov, Sanamyan & Korshunova, 2015
described from North West Pacific and C. nana
which distribution range was restricted to North
Atlantic [Martynov et al., 2015]. However, dedicat-
ed analyses of the three species suggested that they
are conspecific and should be united under the
name C. nana [Cella et al., 2016; Chichvarkhin et
al., 2016].

Nudibranch Flabellina rubrolineata (O’Dono-
ghue, 1929) is one of the widest distributed species
within the family Flabellinidae s./. It was initially
described from the Suez region in the Red Sea
[O’Donoghue, 1929] and further reported from the
Mediterranean Sea [Gat, 1993; Yokes, Rudman,
2004], the Red Sea [Yonow, 2000, 2008], Indian
Ocean and adjacent seas [Gul, 2019; Sreeraj et al.,
2012a,b, 2013; Tibirica et al., 2017], the Indo-West
Pacific [Gosliner, Kuzirian, 1990; Gosliner, Willan,
1991; Martynov, Korshunova, 2012; Gosliner et
al., 2015; Yonow, 2017; Papu et al., 2020], sub-
tropical waters of Korea [Jung, Park, 2015], Japan
[Baba, 1955], and Australia [Wells, Bryce, 1993;
Edgar, 1997; Burn, 2006; Larkin et al., 2018].
However, in most recent nudibranch identification
guide for the Indo-West Pacific [Gosliner et al.,
2018] the range of F. rubrolineata was restricted to
the type locality (Red Sea) and adjacent areas (Med-
iterranean Sea, Arabian Sea). It was therefore sus-
pected that similar animals found in other localities
represent a complex of cryptic species, precipitat-
ing a necessity of taxonomic revision. At the same
time all publicly available sequences under the name
“Flabellina rubrolineata” belong to samples col-
lected from the Indo-West Pacific. Detailed mor-
phological descriptions (excluding the initial de-

scription by O’Donoghue [1929]) and scanning
electron micrographs of radula and jaws were also
made based on material from tropical waters [Gos-
liner, Willan, 1991; Korshunova et al., 2017]. There-
fore, the main goal of our study is to provide first
molecular data for Flabellina rubrolineata from its
type locality and to update its formal taxonomic
description.

Material and methods

Material

Specimens were collected during snorkeling and
scuba diving in two localities: 1. Red Sea, Egypt,
Hurghada, 09.05.2014, 4 specimens of F. rubrolin-
eata; 2. Arabian Sea, Gulf of Aden, Gulf of Tadjou-
ra, Djibouti, 06.12.2019, 1 specimen of F. rubrolin-
eata (Table 1). Each animal was relaxed and photo-
graphed using a Sony NEX-5N camera and then
fixed in 96° ethanol. Voucher specimens and DNA
samples are stored in the collection of Invertebrate
Zoology Department, Lomonosov Moscow State
University.

Morphological analysis

The external morphology of specimens was stud-
ied under a stereomicroscope. The buccal mass of
each specimen was extracted and soaked in protei-
nase K solution for 2 hours at 55°C to dissolve
connective and muscle tissues, leaving only the
radula and the jaws. The coated radulae and jaws
were examined and photographed using the scan-
ning electron microscope CamScan-S4 (Cambridge,
UK). The reproductive system of both species was
examined using the stereomicroscope.

Taxon sampling for molecular analysis

The molecular dataset assembled by Korshuno-
va et al. [2017] for the genus Coryphellina sensu
Korshunova et al. [2017] was used (24 sequences
available from GenBank). Also, available sequences
for species F. rubrolineata from GenBank were
also implemented in the analysis (Table 1). Co-
ryphella verrucosa (M. Sars, 1829), Edmundsella
pedata (Montagu, 1816), Flabellina affinis (Gme-
lin, 1791) and Flabellinopsis iodinea (Cooper, 1863)
were chosen as outgroups. Tritonia pickensi Ev.
Marcus & Er. Marcus, 1967 and Tritonia plebeia G.
Johnston, 1828 were chosen as distant outgroups.

DNA extraction, amplification and sequencing

DNA was extracted from small pieces of foot
tissue using PALL™ AcroPrep 96-well plates by
PALL Corp. [Ivanova et al., 2006]. Extracted DNA
was used as a template for amplification of partial
cytochrome ¢ oxidase subunit I (COI), 16S rRNA
(16S), histone H3 (H3) and 28S rRNA (28S) using
standard primers:



Flabellina rubrolineata from the Red Sea 185
Table 1. Specimens used in the present study with information on vouchers and GenBank accession numbers.
Tabnuma 1. M3ydeHHBIE 0cO0H C YKa3aHHEM PErucTpallMOHHBIX HoMepoB ['enbanka.
o . . GB accession numbers
Original ID Revised ID Voucher Location
col 168 H3 28S

Flabellina Flabellina IE-frl Arabian Sea, MT420426  MT419862  MT419777  MT419823
rubrolineata rubrolineata Djibouti
Flabellina Flabellina IE-f2 Red sea, Egypt ~ MT420427  MT419863  MT419776  MT419824
rubrolineata rubrolineata
Flabellina Flabellina IE-fi3 Red sea, Egypt ; MT419864 - MT419825
rubrolineata rubrolineata
Flabellina Flabellina [E-fr4 Red sea, Egypt ; MT419865 - MT419826
rubrolineata rubrolineata
Flabellina Flabellina
rubrolineata rubrolineata TE-fr5 Red sea, Egypt ) ) ) )
Flabellina Flabellina sp. 1 CAS177287 Philippines KY129061  KY128852  KY128646 -
rubrolineata
Flabellina Flabellinasp.1 ~ ZMMU Op-132 Vietnam MF523381  MF523437  MF523306  MF523504
rubrolineata
Flabellina Flabellina sp. 2 na Queensland, KJ001316 KJ018915 - -
rubrolineata Australia
Flabellina Flabellina sp. 3 ZFMK262 Lizard Island, MK091277  MK100963 - -
rubrolineata Australia
Z‘:ﬁell’”” Flabellina lotos ~ ZMMU Op-515 Japan MF523387  MF523462  MF523312  MF523528
Flabellina Flabellina CAS178322 Malaysia KY129053  KY128844  KY128638
exoptata exoptata
Flabellina Flabellina ZMMU Op-116 Vietnam MF523380  MF523438  MF523305  MF523505
exoptata exoptata
Flabellina Flabellina CAS179418 Sao Tome and KY129048  KY128839  KY128634 -
arveloi arveloi Principe
Flabellina Flabellina CAS179419 Sao Tome and KY129049  KY128840  KY128633 -
arveloi arveloi Principe
Conyphella ZMMU Op-520 White Sea MF523374  MF523412  MF523299  MF523488
verrucosa
Coryphella ZMMU Op-521 Barents Sea MF523375  MF523421  MF523300  MF523494
verrucosa
Edmundsella NTNU VM
Dedat 65498 Norway MG452603  MGA452648  MG452566 -
Flabellina MNCN15.05/53 .
affins Py Spain HQ616753  HQ616716  HQ616782 -
Flabelinopsis CASI181313a California KY129056  KY128847  KY128641 -
iodinea
Tritonia CAS175718 California HM162717  HMI62642  HMI162549
pickensi
Tritonia ZMMU Op-572 Norway KX788134  KX788122 - KX788132

plebeia
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HCO2198 (5’-TAAACTTCAGGGTGAC-
CAAAAAATCA-3’) [Folmer et al., 1994]

LCO1498 (5’-GGTCAACAAATCATAAAGATATT-
GG-3") [Folmer et al., 1994]

16SarL (5’- CGCCTGTTTAACAAAAACAT-3’) [Pa-
lumbi, 1996]

16SR (5'-CCGRTYTGAACTCAGCTCACG-3’) [Pu-
slednik, Serb, 2008]

H3AF (5’-ATGGCTCGTACCAAGCAGACVGC-3’)
[Colgan et al., 1998]

H3AR (5’-ATATCCTTRGGCATRATRGTGAC-3")
[Colgan et al., 1998]

28S C1 (5’-ACCCGCTGAATTTAAGCAT-3") [Lé et
al., 1993]

28S C2 (5’- TGAACTCTCTCTTCAAAGTTCTTT-
TC-3") [Lé et al., 1993]

Polymerase chain reactions were carried out in a
25-uL reaction volume, which included 5 pL of 5x
Taq Red Buffer by Eurogen Lab, 0.5 pL of HS-Taq
Polymerase by Eurogen Lab, 0.5 pL of ANTP (50
uM stock), 0.3 uL of each primer (10 uM stock), 1
pL of genomic DNA and 17.7 pL of sterile water.
The amplification was performed with an initial
denaturation for 1 min at 95°C followed by 35
cycles of 15 s at 95°C (denaturation), 30 s at 45°C
(annealing) (52°C in case of 16S marker) and 45 s
at 72°C (elongation) with a final extension of 7 min
at 72°C. Sequencing for both strands proceeded
with the Big Dye Terminator v3.1 sequencing kit by
Applied Biosystems, the same primers as for PCR
were used. Sequencing reactions were analyzed
using ABI 3500 Genetic Analyser (Applied Biosys-
tems) at N.K. Koltsov Institute of Developmental
Biology (Moscow, Russia). All new sequences were
deposited in GenBank (Table 1).

Phylogenetic analysis

Raw reads for each gene were assembled and
checked for improper base-calling using Geneious-
Pro 4.8.5 (Biomatters, Auckland, New Zealand).
Original data and publicly available sequences were
aligned with the MUSCLE [Edgar, 2004] algorithm
in MEGA7 [Kumar et al., 2016]. Protein-coding
sequences were translated into amino acids to veri-
fy coding sequences. The resulting alignments were
of 663 bp for COI, 412 bp for 16S, 327 bp for H3
and 343 bp for 28S. Indel-rich regions of the 16S
marker were removed using the default settings in
Gblocks [Talavera, Castresana, 2007]. Phylogenet-
ic analysis was conducted for all datasets concate-
nated. Sequences were concatenated by a simple
biopython script [Chaban et al., 2019]. The best-
fitting nucleotide evolution model was tested in the
MEGAT toolkit based on the Bayesian information
criterion (BIC) for each partition. The best-fitting
model for COI partition was GTR+G+I, for 16S
partition — HKY+G+I, for H3 and 28S partitions the
best model was K2+G. Phylogenetic reconstruction

was performed applying evolutionary models for
partitions separately. The Bayesian estimation of
posterior probability was performed in MrBayes 3.2
[Ronquist, Huelsenbeck, 2003]. Markov chains were
sampled at intervals of 500 generations. The analy-
sis was started with random starting trees and
2x107 generations. Maximum likelihood-based phy-
logeny inference was performed in HPC-
PTHREADS-AVX version of RaxML [Stamatakis,
2014] with ultrafast bootstrapping (UFBoot approz-
imination approach) [Minh et al., 2013] in 1000
pseudoreplicates under GTRCAT model of nucle-
otide evolution. Bootstrap values were placed on the
best tree found with SumTrees 3.3.1 from Dendro-
Py Phylogenetic Computing Library Version 3.12.0
[Sukumaran, Mark, 2010]. Final phylogenetic tree
images were rendered in FigTree 1.4.0 and further
modified in Adobe Illustrator CC2015.

Species delimitation

To confirm the status of recovered monophylet-
ic clades and singletons as distinct species we used
the Automatic Barcode Gap Discovery (ABGD)
method [Puillandre et al., 2012]. COI sequences
were aligned for ABGD analysis with the MUSCLE
[Edgar, 2004] algorithm in MEGA7 [Kumar et al.,
2016]. The analysis was run on the online version
of the program (http://wwwabi.snv.jussieu.fr/pub-
lic/abgd/abgdweb.html) with the default settings
except X value that was decreased to 0.5. Uncor-
rected p-distances were calculated using MEGA7
[Kumar et al., 2016] software.

Results
Phylogenetic analysis

We obtained 12 new sequences of different
Flabellinidae s./. species (Table 1). Sequence align-
ment of concatenated COI, 16S, H3 and 28S loci
included 1734 positions. The topology of result-
ing concatenated trees from Bayesian Inference
(BI) and Maximum likelihood (ML) analyses were
mostly congruent, but several relationships were
not supported in BI (Fig. 1). Species with papil-
late rhinophores from tropical waters (represent-
atives of the genus Coryphellina sensu Korshu-
nova et al. [2017]) clustered together in a mono-
phyletic well-supported group (PP=1; ML=99).
On both reconstructions specimens of F. rubro-
lineata from Philippines (CAS177287) and Viet-
nam (ZMMU Op-132) were recovered sister to
Flabellina lotos (Korshunova et al., 2017) from
Japan, however, these relationships did not re-
ceive high support. Flabellina rubrolineata col-
lected in the Indo-West Pacific (specific locality
is unknown) was recovered sister to these two
species (PP =1; ML = 100). Flabellina rubrolin-
eata from the Red Sea and the Arabian Sea
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A 1001— Flabellina rubrolineata ZMMU Op-132

Flabellina rubrolineata CAS177287 L

Flabellina sp. 1

100 Flabellina lotos ZMMU Op-515 @ Flabellina lotos
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100 Flabellina rubrolineata |E-fr1
Flabellina rubrolineata |E-fr4 Flabellina
100 100L Flabellina rubrolineata IE-fr2 rubrolineata
Flabellina rubrolineata IE-fr3 &

100 Flabellina rubrolineata ZFMK 262 @ Flabellina sp. 3

100 Flabellina exoptata ZMMU Op-116 ] Flabellina

9] 100 I Flabellina exoptata CAS178322 ‘ exoptata
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I Flabellina arveloi CAS179419 arveloi
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FIG. 1. Part of a molecular phylogenetic tree for the family Flabellinidae based on the concatenated dataset, showing phylogenetic
relationships of different specimens initially identified as Flabellina rubrolineata. Blue boxes on the right represent the
results of the ABGD test. For each species the revised ID is provided. A. Maximum Likelihood phylogenetic tree. Numbers
above branches represent bootstrap values (>90). B. Bayesian phylogenetic tree. Numbers above branches show posterior

probabilities (>0.95).

PUC. 1. ®parmeHT MoneKysipHO-(pUIIOreHeTHUeCKOTo iepeBa 1i1st cemetricta Flabellinidae, moctpoeHHOTo Ha OCHOBaHHU KOMOH-
HHMPOBAHHOT'O ]ATACETa, IEMOHCTpUpYIoLiee QHIOreHeTHIeCKHE OTHOIICHHS Pa3INYHBIX 0CO0CH, peIBapHTEIbHO OlIpeie-
TIeHHBIX KaK Flabellina rubrolineata. TomyObie 6:10KH cripaBa 0003HaYAIOT pe3yasTar aenumutanuorHoro ABGD tecra. st
KaXJJ0ro BU/Ia IaHO PEBH30BAHHOE Ha3BaHue. A. JlepeBo, IOCTPOEHHOE METOI0M MAKCUMAJIbHOTO IIPaBONoN00Hs. 3HAUSHNUS
HaJ[ BETBSIMH 0003Ha4aroT moaepku Oyrcrpena (>90). B. JlepeBo, HOCTpoeHHOE IIPU IIOMOIIH 6alieCOBCKOTO aIrOpUTMa.
3HavyeHus HaJ BETBAMH 0003HAYAIOT allOCTEPHOPHBIE BeposTHOCTH (>0.95).

clustered together in a highly supported clade
(PP = 1; ML = 100) and showed sister relation-
ships to the clade united Indo-West Pacific F.
rubrolineata and F. lotos. Another F. rubrolinea-
ta specimen from Australia, was recovered sister
to this large group (ML = 100) or showed unsup-
ported sister relationships to F. rubrolineata from
the type locality in the BI analysis. Overall, these
results indicate that F. rubrolineata from the Red
and the Arabian seas represents a distinct spe-
cies, which differs from specimens collected in
the Indo-West Pacific region and Australia.

Species delimitation

ABGD test of representatives of the genus Cory-
phellina sensu Korshunova et al. [2017] recovered
7 initial partitions (P =0.0010-0.1110). These groups
corresponded to clades and derived singletons re-
covered in the molecular phylogenetic analysis (Fig.
1). Uncorrected interspecific p-distance values (Ta-
ble 2) varied from 8.8% (between F lotos and
Flabellina sp. 2) to 17.06% (between F. rubrolineata
and Flabellina sp. 3). Intraspecific p-distances in
case of F. rubrolineata were only 1.17% and in
other species these values did not exceed 1%.
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Table 2. Uncorrected p-distances calculated in MEGA7 (%) for COI marker.

Tabmuma 2. HeckoppekTupoBaHHbIe p-aucTaHnny a1 Mapkepa COI, nocunrannsie B mporpamme MEGAT7 (B %).

No | Species | 1 | 2 | 3 [ 4 [ 5 | 6
1 Flabellina rubrolineata
2 Flabellina lotos 12.28
3 Flabellina sp. 1 13.55 8.18
4 Flabellina sp. 2 12.38 8.88 9.11
5 Flabellina sp. 3 17.06 1401 15.65 17.06
6 Flabellina arveloi 1542 14.02 1449 1238 17.76
7 Flabellina exoptata 16.59 1285 1472 13779 16.82 13.08
Taxonomic description oral tentacles covered by sparse white opalescent

Suborder Cladobranchia
Family Flabellinidae Bergh, 1889
Flabellina McMurtrie, 1831
Flabellina rubrolineata (O’Donoghue, 1929)
(Figs 2-4)

Material examined: IE-fr1, Arabian Sea, Gulf of Aden,
Gulf of Tadjoura, Djibouti, 11°41.219°N, 43°11.651’E, 13
m, on hydroids, 06.12.2019 (1 spm). [E-fr2-5, Red sea, Egypt,
27°13.122°N, 33°50.555’E, 1 m, on hydroids, 09.05.2014 (4
spms).

Description based on studied specimens. Ex-
ternal morphology (Fig. 2). Length (preserved) from
8 to 12 mm. Body slender, foot slender with long
anterior corners. Oral tentacles 2-3 times longer
than rhinophores. Rhinophores highly papillate, bear-
ing up to 50 papillae on their inner side. Cerata
arranged in distinct groups, up to seven groups per
row. First group largest, with 8-12 cerata in group.
Cerata cylindrical or finger-shaped, pointed distally.
Digestive gland diverticula cylindrical, fills about ¥2-
2/3 of ceratal volume. Well-defined discontinued
notal edge under ceratal groups. Anus pleuroproc-
tic, reproductive openings lateral, below first group
of cerata.

Coloration. Background color translucent-white
or milky-white. Digestive gland diverticula in cerata
from bright-orange and pinkish-orange (Fig. 2B-D)
to intense violet, almost black (Fig. 2A). Cnidosac
area covered by bright orange pigment with intense
lilac or purple subapical rings. Cerata and intercer-
atal areas usually covered by sparse white opales-
cent speckling. Prominent thick purple or lilac line
beginning between oral tentacles and continuing to
tail on dorsal side. Two other pigment lines of same
color located laterally under notal edge, continuing
from head to tail. All three lines merging on dorsal
side of tail. Rhinophores same color as body, with
lilac tips and light-orange patches underneath them,

powder with lilac subapical rings.

Buccal mass (Fig. 3). Jaws typical for flabelli-
nids, composed by two triangle plates with triangle
masticatory process. Masticatory process with nu-
merous sharp denticles, arranged in up to 8 rows
(Fig. 3 A, B). Radula triseriate, radular formula: 27-
34x1.1.1. Rachidian tooth elongated-triangular with
short conical central cusp, bearing from 5 to 8 large
denticles with deep furrows on both sides. Cusp
sharp, small, in one specimen bifurcated tip was
found (Fig. 3G). Cusp slightly compressed by adja-
cent denticles. Lateral teeth triangular with elongat-
ed cusp and 8-11 denticles on inner edge, in speci-
men [E-fr3 lateral teeth lack inner denticles (Fig.
3E, F). Outer surface with slight striation, and in
several specimens it possesses 2-3 reduced denti-
cles (Fig. 3 D, F). Base of teeth almost right angled
proximally, oblong distally, with attenuated proc-
esses varying in length from short (Fig. 3C, D) to
long (Fig. 3K).

Reproductive system (Fig. 4). Ampulla large,
sausage-shaped. Proximal seminal receptacle bilobed.
Vas deference loops and widens distally before en-
tering penial sac, presenting prostatic area. Mucous
gland lays distally into vagina, albumen and mem-
brane glands next to proximal seminal receptacle,
their connection to vagina is not clear. Proximal
seminal receptacle small, opened into vagina distal-
ly. Penis small, conical, unarmed.

Distribution. Red Sea, Arabian Sea, West Indi-
an Ocean [Gosliner et al., 2018; present study],
Mediterranean Sea (not native) [Gat, 1993; Yokes,
Rudman, 2004].

Remarks. Red and Arabian seas animals differ
clearly from Indo-West Pacific specimens identi-
fied as F. rubrolineata by molecular data. Morpho-
logically Red and Arabian seas animals possess
distinct coloration with translucent white body, pink-
orange to purple coloration of the digestive gland in
cerata, and bright-orange markings of cnidosac
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FIG. 2. Living specimens of Flabellina rubrolineata. A. 1E-fr1. B. IE-fr2. C. IE-fr3. D. IE-fr4.
PUC. 2. ITIpmxusuennsie pororpaduu Flabellina rubrolineata. A. 1E-frl. B. IE-fr2. C. IE-fr3. D. IE-fr4.

areas. Dorsal and lateral purple lines continue from
head to tail. Indo-West Pacific specimens usually
display a different external morphology: dorsal and
lateral lines often discontinuous [Coleman, 2001;
Gosliner et al., 2008], overall coloration may vary
from white and light-orange and pink [Korshunova
et al., 2017; Sreeraj et al., 2012a,b; Kaligis et al.,
2018] to intensive purple and violet [Coleman, 2001].
Regarding internal morphology, we failed to find
any consistent differences between our specimens
and Indo-West Pacific and Australian ones, whose
internal characters were illustrated in Gosliner and
Willan [1991] and Korshunova et al. [2017]. Those
specimens possess lateral teeth with very long proc-
ess attenuated basally, however this character was
found to be variable in Red Sea specimens (Fig. 3D,
F, H, K). Denticulation of the lateral teeth is also a
variable character (Fig. 3D, F). Also, no distinct
differences in configuration of the reproductive
system was found [Gosliner, Willan, 1991; Korshu-
nova et al., 2017; present study].

Discussion

As discussed in several recent works the alpha-
taxonomy of the family Flabellinidae s./. is contro-
versial and different generic divisions have been
proposed [Gosliner, Willan, 1991; Korshunova et
al., 2017; Furfaro et al., 2018; Gosliner et al.,
2018]. According to recent revision by Korshunova
et al. [2017], the genus Coryphellina O’Donoghue,
1929 was resurrected for the species Flabellina
rubrolineata and Indo-West Pacific flabellinids with
papillate rhinophores. However, Gosliner et al.
[2018] suggested retaining most of Flabellinidae s./.
diversity, except representatives of the families Sam-
lidae, Unidentidae and Apataidae in the genus Fla-
bellina McMurtrie, 1831 until a dedicated revision
would be undertaken. For ease of comparison and
comprehension in the present study we use a tradi-
tional version of Flabellinidae s./. taxonomy as pub-
lished in Furfaro er al. [2018]. Nevertheless, our
molecular analysis supports close phylogenetic re-
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FIG. 3. SEM micrographs of jaws and the radula of Flabellina rubrolineata. A. 1E-fr2, masticatory process of jaws. B. IE-fr3,
masticatory process of jaws. C. IE-fr2, middle radular portion. D. IE-fr2, lateral teeth, note short attenuated process. E. IE-
fr3, middle radular portion. F. [E-fr3, lateral teeth, note absence of inner denticles. G. IE-r3, rachidian tooth, note bifurcated
central cusp. H. IE-fr4, middle radular portion. I. IE-fr4, rachidian teeth. K. IE-fr4, lateral teeth, note long attenuated process.
Scale bars: A-C, E, H, K—30 um; D, F, G, — 10 pm.

PUC. 3. Mukpodotorpadun dentocteii u panynst Flabellina rubrolineata (COM). A. IE-fr2, xxeBarebHbIif OTPOCTOK YEITFOCTEH.
B. IE-f3, sxeBaTenbHblii oTpoctok yemocteil. C. IE-fr2, cpenunii yuactok panyisl. D. [E-fr2, natrepanshsie 3y6st. E. IE-fr3,
cpenuuii yaactok pamyisl. F. IE-fr3, marepansasie 3y0nl. G. [E-fr3, nenrpansrerii 3y0. H. [E-fr4, cpenHuii yaacTok pamyisl.
I. IE-fr4, nentpansusie 3yosl. K. IE-fr4, narepanshble 3yosl. Macurrabusre muHeiiku A-C, E, H, K—30 um; D, F, G, 1- 10 um.
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lationships of tropical flabellinids with papillate rhi-
nophores, which is congruent to Korshunova et al.
[2017] taxonomical scheme, as those species form
a well-supported monophyletic group apart of the
rest flabellinid diversity (Fig. 1).

Our molecular results show a clear separation of
F rubrolineata specimens collected in the Red Sea
and the Arabian Sea from other specimens identified
as F rubrolineata, collected from the Indo-West
Pacific and Australia (Fig. 1). These results support
the suggestion by Gosliner et al. [2018] that “true”
F rubrolineata is restricted to the Red and Arabian
seas and also non-natively occurs in the Mediterra-
nean Sea, while in other regions it represents a
complex of cryptic or pseudocryptic species. Ex-
ternally F. rubrolineata shows similar coloration
with unique combination of continuous dorsal and
lateral lines, translucent white body and purple pig-
ment of subapical areas and hepatic diverticula.
Internally our specimens show very variable featu-
res of the radula (Fig. 3) with reduced denticles on
lateral teeth, bifurcated central cusp of the rachidian
teeth and different length of the attenuated process.
Similar observations were given in the original de-
scription of F. rubrolineata by O’Donoghue [1929],
who mentioned abnormal denticulation of the ra-
chidian teeth and length of attenuated process of the
lateral teeth. This variability should be taken in
account for further studies of the F rubrolineata
species complex in other regions.

We were not able to compare the morphology of
F rubrolineata and Flabellina sp. 2 and Flabellina
sp. 3 since only their DNA sequences were pub-
lished in respective papers [Cheney et al., 2014;
Goodheart et al., 2018]. Regarding Flabellina sp. 1
from Vietnam and Philippines [Cella ef al., 2016;
Korshunova et al., 2017] it differs from Flabellina
rubrolineata in coloration pattern: Flabellina sp. 1
has orange-red patches on dorsolateral sides be-
tween ceratal groups and bands underneath cni-
dosac areas are red [Korshunova et al., 2017] in
contrast to white body and violet or lilac bands in F.
rubrolineata. At the same time internal traits like the
morphology of radula and the reproductive system
are similar in these two species. Specimens from
Papua New Guinea and Australia studied by Goslin-
er and Willan [1991] also had different coloration,
with opaque white patches on the dorsum and
purple to red dorsal and dorsolateral lines and sub-
apical ceratal rings. In addition, these specimens
have less cerata in each group than F. rubrolineata
from the Red Sea [Gosliner, Willan, 1991]. In any
case, all these specimens showed identical internal
morphology to F. rubrolineata, suggesting external
morphology is the most important diagnostic trait
for species separation within F. rubrolineata spe-
cies complex.

female gland mass

prostatic
vas deferens

ampulla

reproductive
opening

proximal seminal

receptaculum
distal i

seminal
receptaculum

female
gland mass

FIG. 4. Configuration of the reproductive system in Flabellina
rubrolineata (IE-fr2). Scale bar: 0.7 mm.

PUC. 4. Mopdonorust monoBoit cuctemsl Flabellina
rubrolineata (IE-fr2). Macmirabnast muneiika 0,7 Mm.

Both Flabellina sp. 2 and Flabellina sp. 3 were
found in Australian waters, and, according to imag-
es of “F. rubrolineata” from Australia [Coleman,
2001], species diversity in this region may be even
higher. Flabellina sp. 1 is restricted to the South
China Sea, being found in Southern Vietnam and
Philippines [Cella ef al., 2016; Korshunova et al.,
2017]. In addition, a large variety of “F. rubrolinea-
ta” color morphs are known from this area and
other regions of the Indo-West Pacific [Coleman,
2001; Gosliner et al., 2015; Yonow, 2017; Papu et
al., 2020]. While most of these morphs may repre-
sent several undescribed species, some of pink and
violet color morphs with discontinuous dorsal and
lateral lines may correspond to Coryphellina lotos,
which was recently described from Japan [Korshu-
nova et al., 2017]. Also, Risbec’s “variété violaceé”
of “Flabellina” ornata (Risbec, 1928) may corre-
spond to pink or violet morphs with continuous
longitudinal lines, since “variété violaceé” of “Fla-
bellina” ornata has distinct pink to violet coloration
and three continuous red lines [Risbec, 1928; Gos-
liner, Willan, 1991].
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