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Abstract: An undescribed species belonging to the family Eunicidae was detected in a sublittoral
habitat of the southern coast of Korea. This Korean eunicid species was initially thought to belong
to the genus Lysidice based on its general appearance, including the absence of prostomial lateral
palps and peristomial cirri. However, a more detailed characterization of the morphological features
of the maxillae and mandible coupled with mtCOI and 185 rRNA gene sequence analyses confirmed
that this species is a member of the genus Paucibranchia. The absence of lateral palps found in the
intact adult specimens with 153 segments is a unique feature not previously reported in species
belonging to Paucibranchia. Thus, the new species, Paucibranchia triantennata sp. nov., can be easily
distinguished from other known congeneric species. Except for the absence of lateral palps, P. trian-
tennata sp. nov. resembled P. conferta, P. gathofi, and P. patriciae in the shape of the prostomium, brief
location and shape of branchiae, and absence of compound spinigers. However, P. triantennata could
be clearly distinguished from these species by the shorter prostomial antennae, a large number of
subacicular hooks, and the morphological features of the maxillae and compound falcigers.

Keywords: new species; morphology; genetic comparison; mtCOI; 18S rRNA

1. Introduction

Polychaete species belonging to the family Eunicidae Berthold, 1827 [1] are found in
most marine benthic environments, including Europe, America, Asia, and Africa, and in-
habit the crevices of hard substrates, such as reefs, rocks, or sand [2,3]. These organisms
possess well-developed jaws and are mainly carnivores or omnivores in marine benthic
ecosystems [4]. Eunicid polychaetes are valued as high-quality baits for recreational and
commercial fishing and are also used as a nutritional resource and maturation diet in
crustacean and fish aquaculture. Therefore, these organisms are naturally caught or arti-
ficially farmed in various subtropical and temperate regions [5-7]. Particularly, some spe-
cies belonging to this family have been subjected to large-scale aquaculture or interconti-
nental trade due to their commercial demand [8]. However, these polychaetes have be-
come invasive species in some regions, causing ecological disturbances or unintended
disease transmission, and have, therefore, recently garnered increasing attention [8,9].

The family Eunicidae is morphologically characterized by the presence of well-de-
veloped jaws (i.e., maxillae and mandibles), prostomial appendages, and pectinate chae-
tae on the parapodial lobe. This family can be distinguished from closely related families
in the order Eunicida by the presence of five prostomial appendages (three antennae and
two lateral palps) without annuli at the base and asymmetric maxillae (right maxilla III is
missing) [10]. To date, 33 genera have been described within the family Eunicidae, 11 of
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which have been taxonomically validated, and the family includes approximately 460 spe-
cies [2]. These 11 valid genera can be classified according to detailed features of the max-
illae, prostomial appendages, peristomial cirri, branchiae, and the types of chaetae. Lysid-
ice (Lamarck, 1818) is the only genus with fewer than three prostomial appendages,
whereas all other genera have five appendages. In recent taxonomic studies, Marphysa
Quatrefages, 1866 [11] and Eunice Cuvier, 1817 [12], the most representative and speciose
genera in the family, have been subdivided based on detailed morphological characteris-
tics and genetic relationships [13-16]. At the species level, M. sanguinea [17] (including its
complex), a cosmopolitan species and a type species of the genus Marphysa, has been
newly reported as an endemic species in Asia, America, Europe, and Africa [18-20]. It is
also worth noting that many of these recent taxonomic studies are based on comprehen-
sive morphological and molecular analyses and are, therefore, highly reliable.

Despite global interest in the ecology, economics, and taxonomy of eunicid poly-
chaetes, taxonomic studies in Korea are extremely limited. There are 14 recorded species in
Korea. Very limited taxonomic descriptions and drawings are available for the 11 validated
species, and the absence of type specimens makes it difficult to confirm the taxonomic iden-
tity of these Korean eunicid species. Particularly, several Korean species, including
Marphysa sanguinea, have been used for numerous ecological studies without taxonomic ver-
ification since they were first reported with a brief description approximately 30 years ago
[21,22]. Recently, Choi et al. [23] and Kim et al. [22] reported previously unrecorded species
in Korean waters based on morphological and genetic characteristics and compared these
with closely related cryptic species. Nevertheless, the diversity of eunicid species in Korean
waters is very low compared to the total number of species in the family, and only one new
species (i.e., Leodice duplexa Choi, Kim, Kang and Yoon, 2017 [23]) has been reported to date.

Here, we identified a previously undescribed eunicid taxon in the subtidal zone of
southern Korea. The individuals belonging to this newly discovered eunicid species are
characterized by the presence of only three antennae on their rounded prostomium (with-
out lateral palps), the absence of peristomial cirri, and the presence of branchiae restricted
to the anterior chaetigers. These morphological features are not consistent with the diag-
nostic features of known Eunicidae genera. Therefore, this study aimed to confirm the
taxonomic position of this Korean taxon based on comprehensive morphological and mo-
lecular analyses. In this study, we evaluated the detailed morphological features of this
newly discovered Korean species, including the maxillae, parapodia, chaetae, and bran-
chia. Additionally, molecular analyses based on the partial mitochondrial COI and nu-
clear 185 rRNA regions were conducted, after which these molecular signatures were
compared to those of closely related taxa within the family.

2. Materials and Methods

Samples were collected from the sublittoral area near Chuja-do and Jeju-do, southern
Korea, using a 0.1 m? Smith McIntyre grab sampler (Figure 1). Sediment samples were elu-
triated over a 1 mm sieve using filtered seawater. The organisms remaining on the sieve
were transferred to a 1 L collecting jar containing a 7% MgClz solution as an anesthetic agent.
The relaxed specimens were fixed in a 5% buffered formalin solution within 2 h and then
preserved in 80% ethanol. The eunicids were then taken to the laboratory, where they were
sorted and identified to the species level under a zoom stereomicroscope (SMZ745T; Nikon,
Tokyo, Japan). If necessary, the specimens were stained with Shirlastain A stain solution
(SDLATLAS, Rock Hill, SC, USA) to observe their detailed morphological features. The spe-
cies-specific morphological features of the examined eunicid specimens were photographed
and measured using a camera (DS-Fi3; Nikon, Tokyo, Japan) attached to a stereomicroscope
coupled with the NIS-Elements BR software (version: 5.11.00; Nikon, Tokyo, Japan). Given
that most specimens were incomplete, the measurements were standardized by the length
through the 10th chaetiger (L10) and width at the 10th chaetiger, excluding parapodia
(W10). Holotype and paratypes were deposited at the Marine Biodiversity Institute of Korea
(MABIK) collection in Seocheon, Republic of Korea (Table 1).
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Figure 1. Map of the study area. The red dots indicate the collection sites, and the yellow circles are
the areas where samples were obtained.

Table 1. List of species names examined in this study, as well as their GenBank accession numbers,
collection sites, and associated references.

GenBank Accession Number

Species Name mtCOI (Locality) 185 rRNA (Locality) <C e ence
Paucibranchia triantennata sp. OM158712 (Republicof =~ OM230034 (Republic This study
nov. (MABIKNAO00157767) Korea) of Korea)

Paucibranchia triantennata sp. OM158713 (Republicof ~ OM230035 (Republic This study
nov. (MABIKNAO00157768) Korea) of Korea)

Paucibranchia triantennata sp. OM158714 (Republic of .

nov. (MABH<NA00157769)p Korea) e This study
Paucibranchia sp. JX559753(Philippines) - [13]
Paucibranchia fallax - GQ497505 (Italy)  [13]
Paucibranchia bellii KT307661 AF412789 (France) [24,25]
Paucibranchia disjuncta GQ497549 (Spain) GQ497504 (USA)  [13]
Marphysa californica GQ497552 (USA) GQ497507 (USA)  [13]
Marphysa brevitentaculata GQ497548 (Mexico) GQ497503 (Mexico) [13]
Marphysa sanguinea MH826266 (USA) GQ497502 (France) [13]
Marphysa regalis GQ497562 (Brazil) GQ497510 (Brazil) [13]

Palola siciliensis MW277869 (USA) GQ497514 (Spain) [13]

Palola viridis JN558586 (Vanuatu) 53497513 (Microne- 1+ 61
Nicidion angeli GQ497550 (Belize) GQ497506 (Belize) [13]
Nicidion amoureuxi GQ497538 (Belize) GQ497490 (Belize) [13]
Nicidion mutilata GQ497540 (Belize) GQ497492 (Belize) [13]
Leodice harassii KU697721 (Spain) AY525620 [27,28]
Leodice valens MH?242824 (USA) GQ497485 (USA)  [13]
Leodice rubra GQ497528 (Brazil) GQ497478 (Brazil) [13])
Lysidice collaris GQ497557 (Spain) GQ497516 (Spain)  [13]
Lysidice unicornis MW278399 (USA) ‘;‘:)412792 (Malay- o)
Lysidice ninetta KR916860 (Portugal) AF412793 (France) [25,29]




Diversity 2022, 14, 1131

4 of 14

Genomic DNA was extracted from three ethanol-preserved specimens. Body tissues
were partially dissected (ca. 1-2 segments) from the terminal part of the examined speci-
mens. In order to extract the genomic DNA, 1.5 mL microcentrifuge tubes containing 45
HL of 10% Chelex suspension (Bio-Rad Laboratories Inc., Hercules, CA, USA), 10 uL of
Proteinase K (10 mg/mL, iNtRON Biotechnology, Inc., Seongnam, Republic of Korea), and
dissected tissues were incubated at 56 °C for 3-12 h. The extracted genomic DNA was
used as a template to amplify the target regions. Polymerase chain reaction (PCR) was
performed on a TaKaRa PCR Thermal Cycler Dice® Gradient (TP600; Takara Co., Kusatsu,
Japan) using the polyLCO and polyHCO primer pair for mtCOI [30] and the 18A and 18B
primer pair for 185 rRNA [31]. The PCR mixtures contained 17 uL of deionized water, 1
uL of each primer (10 uM), 1 pL of DNA template, and PCR premix (20 uL; BIONEER Co.,
Daejeon, Republic of Korea). The temperature profile for the amplification of mtCOI con-
sisted of 94 °C/300 s; followed by 40 cycles at 94 °C/45 s, 46 °C/45 s, and 72 °C/60 s; and
finally, 72 °C/420 s. For the amplification of the 185 rRNA fragment, the temperature pro-
file consisted of an initial 94 °C/300 s step; followed by 35 cycles at 94 °C/60 s, 54 °C/60 s,
and 72 °C/60 s; and finally 72 °C/420 s. The purification and sequencing of the obtained
PCR products were performed at Macrogen Inc. (Seoul, Republic of Korea). Forward and
reverse sequences were edited using Chromas version 2.3 (Technelysium Pty. Ltd., South
Brisbane, Australia). Partial sequences of the mtCOI and 18S rRNA genes were aligned
with available sequences for related taxa obtained from the GenBank database
(www.ncbi.nlm.nih.gov/Genbank (accessed on 14 December 2022)) using the MEGA (Mo-
lecular Evolutionary Genetics Analysis) software (version 7.0) [32]. Table 1 provides in-
formation for all sequences used in the analyses. The aligned sequences were used to es-
timate genetic distances using Kimura’s two-parameter (K2P) model [33]. K2P distances
were used to evaluate intraspecific variation within the Korean specimens and interspe-
cific differences between closely related taxa. Phylogenetic relationships were inferred us-
ing the maximum likelihood method based on the General Time Reversible model [34].
Branch support was evaluated by 1000 bootstrap replicates. In this manuscript, the abbre-
viation MI to MV means maxillae I to V.

3. Results
3.1. Systematics

Family Eunicidae Berthold, 1827 [1].
Genus Paucibranchia Molina-Acevedo, 2018 [16].
Type species Paucibranchia bellii [35].

3.2. Generic Diagnosis

Prostomium is undivided or bilobed; three or five prostomial appendages are with-
out articulations. Peristomium is without peristomial cirri. Maxillary apparatus have four
paired maxillae plus an unpaired one (left side); MI has a developed and rounded falcal
arch, with the outer edge of the base straight and with a curvature in the basal inner edge.
Branchiae is restricted to a short anterior region. Dorsal cirri in the branchial region are
elongated, thicker, or the same size as the basal branchial filaments. Postbranchial cirri are
slender and long or longer than in pre-branchial chaetigers. Postchaetal lobes in the bran-
chial region are well-developed and longer than in the pre-branchial region. Ventral cirri
with a swollen base are only observed in the anterior region. Supracicular chaetae include
limbate and two types of pectinate chaetae. Subacicular chaetae include compound fal-
cigers, spinigers, or both. Compound chaetae have blades of different sizes in the same
chaetigers or blades of only one size. Subacicular hook bidentate, or unidentate. Pygidium
has two pairs of anal cirri without articulation.
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3.3. Material Examined

Paucibranchia triantennata sp. nov.

urn:Isid:zoobank.org:pub:878BE10A-27B7-45B2-A9A6-0362E12F A552

The holotype was MABIKNAO00157766, Republic of Korea, Chuja-do, Station S511
(33°50'07” N, 126°47’58” E); subtidal zone, 84 m depth; collected by Dae Hun Kim, Sep-
tember 2021. The Paratypes were MABIKNAO00157767, MABIKNA00157768, and MA-
BIKNA00157769, Republic of Korea, Chuja-do, Station YE05 (34° N, 125°30" E); subtidal
zone, 75 m depth; collected by Dae Hun Kim, June 2021. Eight additional specimens were
obtained from Station SS05 (33°39°45” N, 127°53’30” E; 109 m depth), SS10 (33°37’40” N,
126°48’32” E; 135 m depth), and SS11 and were used for DNA analysis and observation of
morphological features including the maxillary apparatus.

3.4. Species Diagnosis

Prostomium is undivided, with only three prostomial appendages. Lateral antennae
reach the first peristomial ring; median antenna reach the second peristomial ring. Branchiae
pectinate has up to five filaments in chaetigers 10-18. Dorsal cirri in the post-branchial region
are similar in size to the pre-branchial region cirri. Postchaetal lobes in chaetigers 2-21 are
well-developed and longer than chaetal lobes. Postchaetal lobes in chaetigers 22-36 are weakly
developed and similar in size to chaetal lobes. Ventral cirri with the swollen base present in
chaetigers 5-39; most developed in chaetigers 10-21. Compound spinigers are absent. Com-
pound falcigers with blades of two different sizes in the same chaetigers. Subacicular hook
bidentate, starting from chaetigers 21, have one or two hooks per chaetiger.

3.5. Description

Holotype intact, has 153 chaetigers, L10 = 2.5 mm, W10 = 0.6 mm, Total length = 34.7
mm. The anterior region has a convex dorsum and flat ventrum, without groove; the body
is widest at chaetiger 6, tapering after chaetiger 20.

Prostomium undivided, 0.46 mm long, 0.45 mm wide, frontally rounded, without
lateral palps and median groove (Figure 2B), with ventral groove (Figure 2C). Short pro-
stomial appendages are arranged in a semicircle, equidistant; lateral and median antennae
reach the first peristomial ring. Eyes present, are rounded and brown, located on the left
and right edges of the lateral antennae. Peristomium is wider than prostomium (approxi-
mately 1.27 times wider); separation between peristomial rings is distinct on all sides (Fig-
ure 2B). An inferior lip is not observed.
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Dorsal {:irrus

Figure 2. Paucibranchia triantennata sp. Nov: (A) holotype, intact specimen; (B) prostomium, dorsal
view; (C) prostomium, ventral view; (D) branchiae in chaetigers 12-18; (E) branchial filaments of
chaetiger 15; (F) maxillae; (G) mandible. Scale bars: 1 mm (A); 500 um (B-D); 100 um (E-G).

Maxillary apparatus has a maxillary formula=1+1,8+8,4+0,3 +5,1 + 1 (Figure
2F). Maxillary carriers are 1.5 times shorter than MI length. Ml is forceps-like. The closing
system is approximately six times shorter than the MI length. The ligament between MI
and MII is not sclerotized. MII is wide, the teeth are recurved, and the cavity opening is
oval, approximately three times shorter than the length of MII. Short MIII has triangular
teeth and attachment lamella slightly sclerotized (Figure 2F). The left MIV has a smaller
basal tooth, and the right MIV has teeth of similar size. Rectangular MV has a short-
rounded tooth. The mandibles and cutting plates are translucent, with approximately
seven growth rings (Figure 2G).
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Branchiae pectinate has up to five filaments present in chaetigers 11-17 (Figure
2A,D). The numbers of branchial filaments per chaetiger in anterior-posterior order are as
follows: 4, 4, 5, 5, 5, 5, 4. The basal branchial filament is two times longer than the dorsal
cirrus (Figure 2E).

The first parapodia are the smallest, most developed in chaetigers 2-21, becoming grad-
ually smaller. Conical dorsal cirri increase in size from chaetiger 2 and gradually decrease in
width and length from chaetiger 22. Dorsal cirri in the post-branchial region are similar in size
to the pre-branchial region cirri. Prechaetal lobes are observed as a transverse fold in all chae-
tigers (Figure 3A-D). Chaetal lobes in chaetigers 1-21 are rounded and shorter than postchae-
tal lobes, with aciculae emerging dorsal to the midline. From chaetiger 21, lobes are triangular
and longer than pre- and postchaetal lobes, with acicula emerging in the midline (Figure 3A—
D). Postchaetal lobes are well developed in chaetigers 2-21; digitiform in first four chaetigers,
bluntly conical from chaetiger 5 to chaetiger 21; thinner and elongated in the branchial region;
decreasing in chaetigers 22-39, with following lobes being inconspicuous (Figure 3A-D). Dig-
itiform ventral cirri are observed in chaetigers 14, with a swollen oval base and digitiform tip
in chaetigers 5-39, most developed in chaetigers 10-21, and gradually reducing in size poste-
riorly from chaetiger 22 (Figure 3A-D).

Y NS

Figure 3. Paucibranchia triantennata sp. Nov: (A) parapodium of chaetiger 4; (B) parapodium of chae-
tiger 15; (C) parapodium of chaetiger 25; (D) parapodium of chaetiger 58; (E) isodonts pectinate and
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narrow with long and slender teeth, chaetiger 3; (F) isodonts pectinate and narrow with short and
slender teeth; (G) compound falciger, long blade, chaetiger 12; (H) compound falciger, short blade,
chaetiger 61; (I) acicula, chaetiger 68; (J) subacicular hook, chaetiger 26; (K) subacicular hook, chae-
tiger 39. Scale bars: 100 pm (A-D); 20 um (G,H,J); 10 um (E,F H,1K).

Aciculae are blunt and amber-colored (Figure 3I). Only one acicula presents per chae-
tiger.

Limbate chaetae of two sizes are present in the same chaetiger and larger in the anterior
region, reduced in number around chaetiger 22. Two types of pectinate chaetae are present.
In the anterior chaetigers, isodonts are narrow with long and slender teeth, with 1-3 pecti-
nate chaetae per chaetiger and up to 5-6 teeth with oblique distal edges (Figure 3E). Median-
posterior chaetigers feature narrow isodonts with short and slender teeth, in addition to 4-
5 pectinate chaetae per chaetiger and up to 8-10 teeth with oblique distal edges (Figure 3F).
Compound spinigers are absent in all chaetigers. Compound falcigers are present in all
chaetigers. The anterior region exhibits blades of two sizes (44 um and 20 pm), with the
smaller ones being more abundant; all teeth are triangular, and the distal tooth is directed
upward and two times longer than the proximal one at longer blades. This tooth is similar
in size to the proximal one at smaller blades, and the proximal tooth is directed laterally. All
blades of the median-posterior chaetigers are of similar size, similar to the smaller blades of
anterior chaetigers (22 um). All teeth are triangular and similarly sized, distal tooth directed
upward, whereas the proximal tooth is directed laterally (Figure 3G,H). Subacicular hooks
are bidentate with a reddish basal end, distally translucent, starting from chaetigers 21, with
one or two hooks per chaetiger and rounded teeth; the distal tooth is slightly smaller than
the proximal tooth and directed upward, whereas the proximal tooth is directed laterally
(Figure 3],K). Pygidium has two pairs of anal cirri; the dorsal pair is as long as the last four
chaetigers, and the ventral pair is short, as long as the last chaetiger.

3.6. Morphological Variation

The examined specimens varied in the following features: L10 = 2.5-2.86 mm, W10 =
0.5-0.75 mm. The maxillary formula varied as follows: MII 8-9 + 8, MIII 4-5, MIV 3—4 + 5-6.
The proportion of the maxillary apparatus varied as follows: the maxillary carriers were 1.7—-
2 times shorter compared to the MI; the closing system was 67 times shorter compared to
the MI; the cavity opening was 3-3.2 times shorter compared to MII. Branchiae were present
from chaetigers 10-12 to chaetigers 16-18. The maximum number of branchial filaments
varied from 4 to 6. Ventral cirri with swollen base were present from chaetigers 4-5 to chae-
tigers 37—41. Subacicular hooks began to be observed in chaetigers 21-29.

3.7. Etymology

The proposed species name triantennata refers to the unique feature of the new spe-
cies, meaning three (tri) antennae (antennata).

3.8. Distribution and Ecology

Paucibranchia triantennata was sampled from three subtidal stations (water depth: 75—
135 m) in southern Korea in April, June, and September 2021. The surface sediment at the
station was mainly sandy mud. The salinity range at the sampling locations was approx-
imately 31-33.9.

3.9. Molecular Comparison

In order to verify the genetic distance between the examined individuals or species,
partial sequences of mitochondrial (mtCOI) and nuclear (185 rRNA) genes were used to
calculate K2P distances. The intraspecific distances in mtCOI (OM158712-OM158714) and
18S rRNA (OM230034-230035) of the Korean eunicid species were very low (0-1.1% and
0%, respectively). Our mtCOI gene comparison analyses indicated that the Korean eunicid
species examined in this study were genetically distinct from 18 eunicid species belonging
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to six genera (19.8-31.2%). Among these species, an undescribed Paucibranchia species from
the Philippines (JX559753) was the most closely related (19.8%) to the newly identified spe-
cies, whereas Lysidice ninetta from Portugal was the least related (31.2%). The reported ge-
netic divergence in the mtCOI gene among polychaete species from Korean waters is 12.3—
23.7%, and the interspecific genetic difference between the examined congeneric eunicid
species in this study was 23.1% [22,36,37]. Therefore, the genetic difference between the Ko-
rean species and the 18 examined eunicid species was clear at the species level. Based on 185
rRNA gene sequences, the Korean species was identical to two known species of Paucibran-
chia (GQ497505 and AF412789) and showed a 0.4% difference from P. disjuncta (GQ497504)
in the same genus. The mean genetic distances to the members of the remaining five genera
within the family Eunicidae were 0.3-2.8%; for Marphysa (0.3-0.4%) and Palola Gray in Stair,
1847 [38] (0.3%) species were more closely related; and for Lysidice (0.6-1.1%) and Leodice
Lamarck, 1818 [39] (1.3-2.8%) species were more distant. These genetic distances were con-
sistent with the relationships observed in the phylogenetic trees based on the mtCOI dataset
or concatenated dataset of mtCOI and 185 rRNA (Figure 4).

99 OM158712 Paucibranchia triantennata Paucibranchia triantennata

100
100 OM158714 Paucibranchia triantennata B

Paucibranchia triantennata
OM158713 Paucibranchia triantennata
JX559753 Paucibranchia sp.
KT307661 Paucibranchia bellii
GQ497549 Paucibranchia disjuncta
GQ497562 Marphysa regalis
GQ497548 Marphysa brevitentaculata
GQ497552 Marphysa californica

MHB826266 Marphysa sanguinea 100 [ Nicidion mutilata

GQ497550 Nicidion angeli Nicidion amoureuxi
100 [ GQ497538 Nicidion amoureuxi —————— Nicidion angeli
= GQ497540 Nicidion mutilata 51 ——— Lysidice collaris
GQ497557 Lysidice collaris a1 Lysidice unicornis
| @278399 Lysidice unicornis 73|: Lysidice ninetta
63 KR916860 Lysidice ninetta a7 Palola siciliensis
ii——MW277869 Palola siciliensis Palola viridis
JN558586 Palola viridis
KU697721 Leodice harassii

98 Leodice valens
79 MH242824 Leodice valens 4'55

Leodice rubra
GQ497528 Leodice rubra
OM688237 Nothria conchylega (Out-group)

Paucibranchia disjuncta
Paucibranchia bellii

Marphysa regalis
Marphysa brevitentaculata
Marphysa californica

Marphysa sanguinea

Leodice harassii

Northria conchylega (Out-group)

—
0.020

1

0.

0

Figure 4. Molecular phylogenetic analysis conducted via the maximum likelihood method (General
Time Reversible model): (A) phylogenetic tree using mtCOI, (B) phylogenetic tree using concate-
nated dataset of 18S rRNA and mtCOI. The alphanumerical identifiers in front of the species name
indicate the GenBank accession number. The taxon Northria conchylega, a member of the family
Onuphidae, is used as an out-group in these phylogenetic trees.

3.10. Remarks

Paucibranchia triantennata sp. nov. described in this study exhibited only three anten-
nae on the prostomium and lacked lateral palps, which distinguish it from other species
belonging to this genus. Among 19 known Paucibranchia species, P. triantennata sp. nov.
resembles P. conferta (Moore, 1911) [40]; P. gathofi Molina-Acevedo, 2018 [16]; and P. patri-
ciae Molina-Acevedo, 2018 [16], particularly due to its small body size, prostomium shape
(not bilobed), number of chaetigers with branchiae (5-7 chaetigers), number of branchial
filaments (4-10 per branchia), relative length of dorsal cirri in post- and pre-branchial re-
gions (similar in both regions), and absence of compound spinigers throughout the body.
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However, P. conferta and P. patriciae differ from P. triantennata sp. nov. in that they have
one size type of blade on the compound falcigers on the anterior body (two size types in
P. triantennata), longer prostomial antennae reaching up to the first and second chaetiger,
and fewer subacicular hooks per parapodium. Paucibranchia gathofi and P. triantennata sp.
nov. each have two blade sizes on their compound falcigers on the anterior chaetigers;
however, only one size of the blade was found on the compound falcigers on the posterior
chaetigers in the new Korean species. Additionally, the former is distinguished from the
Korean species by having fewer subacicular hooks per parapodium (1 vs. 1-2) and a dif-
ferent number of branchial filaments per chaetiger (6-10 vs. 4-6).

4. Discussion

We initially assumed that the undescribed eunicid species that we retrieved from
Korean waters belonged to the genus Lysidice based on its prominent morphological fea-
tures, such as the absence of prostomial lateral palps and peristomial cirri. Although the
Korean species of this study had branchiae only on the limited anterior chaetigers and all
currently described species belonging to the genus Lysidice species do not have branchiae,
the presence/absence of branchiae was considered a species-level difference, similar to the
variations observed in the genus Nicidion Kinberg, 1865 [41]. However, detailed morpho-
logical features (i.e., those requiring dissection) of the Korean eunicid species with three
prostomial appendages, such as the presence of a round and developed falcal arch on
maxilla I and the absence of a scoop-shaped mandible, did not match those of Lysidice.
This Korean species was rather similar to Paucibranchia, which has five prostomial ap-
pendages, in that the branchiae were restricted to a few anterior chaetigers, in addition to
presenting well-developed dorsal cirri and a postchaetal lobe of parapodia in the bran-
chial region, and in the detailed morphological features of maxillae and mandible. Our
molecular comparison results supported this morphological similarity despite the differ-
ence in the number of prostomial appendages between the two taxa. Particularly, the Ko-
rean eunicid species were genetically similar to Paucibranchia and Marphysa but were dis-
tinct from Lysidice. Among these closely related genera, Marphysa shows a more noticeable
morphological difference from Korean species because they have branchiae on most chae-
tigers distributed throughout the entire body. Based on the K2P distances, Korean speci-
mens were more genetically similar to Paucibranchia than to Marphysa, and they were also
assigned to the Paucibranchia clade in our phylogenetic tree.

The absence of lateral palps observed in the new Korean species can be considered a
temporary feature found in a specific juvenile stage (i.e., the “Lysidice stage” bearing only
the median and lateral antennae) of eunicid species. In order to confirm this, we evaluated
the morphological criteria that characterize adults in the records of previously reported
eunicid species. According to Herpin [42], if the total number of chaetigers exceeds 70 and
the minimum length up to the 10th chaetiger (L10) exceeds 2.2 mm, the individual is con-
sidered an adult. Furthermore, the juveniles of eunicids without lateral palps exhibited
only 40-60 chaetigers. In the case of M. sanguinea, a member of the genus Marphysa that is
closely related to the genus Pauchibranchia, the first occurrence of prostomial lateral palps
was confirmed in individuals with 60 segments, and the minimum length of an intact in-
dividual with typical morphological characteristics of an adult was 27 mm [43]. Among
the 12 examined Korean specimens, the only intact specimen was a holotype specimen
(with 153 chaetigers), and its total length and L10 were approximately 35 mm and 2.5 mm,
respectively. Furthermore, all Korean specimens consecutively collected in April, June,
and September from three different stations lacked prostomial lateral palps. Considering
the length of the entire body and L10, the total number of chaetigers, and the continuity
of appearance times, we confirmed that the Korean specimens were adults and that their
lack of lateral palps was a unique species-level characteristic among the members of the
genus Pauchibranchia. Variations in the number of prostomial appendages among conge-
neric eunicid species can also be found in the genus Lysidice. For instance, Lysidice unicornis
[44] has two fewer prostomial appendages than other species in the genus. Despite its
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smaller number of prostomial appendages, L. unicornis belonged to the Lysidice clade or
was most closely related to the two other Lysidice species examined in our molecular anal-
ysis (Figure 4). These genetic and morphological characteristics suggest that the newly
identified Korean species belongs to the Paucibranchia genus rather than a new genus.

Key to species of Paucibranchia
1. Only compound Spinigers................oooiiiiiiiiiiiii 2
- Only compound falCigers.............coooiiiiiiiiiiiiii 5
- Both compound spinigers and falcigers....................coo 12
2(1). Postchaetal lobes bluntly conical or (only) conical in pre-branchial chaetigers, com-
pound spinigers with blades of different sizes in the same chaetiger....................... 3
- Postchaetal lobes tongue-shaped in pre-branchial chaetigers, compound spinigers with
all blades of similar size in the same chaetiger................... P. kinbergi (McIntosh, 1910)
3(2). Compound spinigers with blades of two sizes, pectinate chaetae with oblique distal
edge in anterior chaetigers....................... 4
- Compound spinigers with blades of three sizes, pectinate chaetae with transverse distal
edge in anterior chaetigers.......................... .. P. gilberti Molina-Acevedo, 2018
4(3). Eyes present, chaetal lobes rectangular in pre-branchlal region, dorsal cirri in post-
branchial region almost three times longer than anterior ones.................................
............................................................................ P. disjuncta (Hartman, 1961)
- Eyes absent, chaetal lobes rounded in pre-branchial region, dorsal cirri in post-branchial
region two times longer than anterior ones....................... P. cinari (Kurt-Sahin, 2014)
5(1). Subacicular hooks with reddish basal end, distally amber or translucent................ 6
- Subacicular hooks translucent...................cooiiii 9
6(5). Postchaetal lobes digitiform in pre-branchial chaetigers, eyes absent, falcigers with
all blades of similar size in anterior chaetigers............ P. miroi Molina-Acevedo, 2018
- Postchaetal lobes bluntly conical in pre-branchial chaetigers, eyes present, falcigers with
blades of two or three sizes in anterior chaetigers...................ooiiiiiiiiiiiiiiiiinn 7
7(6). Dorsal cirri in post-branchial region 1.4 times longer than pre-branchial region, fal-
cigers with blades of three sizes in anterior region, pectinate with transverse distal edge
in anterior chaetigers................ R ...P. purcellana (Willey, 1904)
- Dorsal cirri in pre- and post-branch1a1 Chaetlgers of 51m11ar size, falcigers with blades of
two sizes in anterior chaetigers, pectinate with oblique distal edge in anterior chaeti-

2T 8
8(7). Falcigers with blades of two sizes in posterior chaetigers, one subacicular hook per
chaetiger, prostomium with lateral palps....................... P. gathofi Molina-Acevedo, 2018
- Falcigers with blade of one size in posterior chaetigers, one or two subacicular hooks
per chaetiger, prostomium without lateral palps.........c.cccccccueueeees P. triantennata sp. nov.
9(5). Aciculae with reddish basal end, distally translucent........... P. conferta (Moore,
1911)
- Aciculae translucent.............oooiiiii 10

10(9). Eyes absent, dorsal cirri in postbranchial region two times longer than prebranchial
region, ventral cirri with swollen base start from chaetiger 14.......................o.o.
.......................................................................... P. gemmata (Mohammad, 1973)

- Eyes present, dorsal cirri in pre- and postbranchial regions of similar size, ventral cirri
with a swollen base from between chaetigers 1and 7........................
11

11(10). Postchaetal lobes basally oval, digitiform distal end, tilted dorsally; falcigers with
blades of similar sizes in anterior region; pectinate with oblique distal edge in anterior
chaetiger.................. P. patriciae Molina-Acevedo, 2018
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- Postchaetal lobes bluntly conical, digitiform distal end or bluntly conical; falcigers with
blades of two sizes in anterior region; pectinate with transverse distal edge in anterior
chaetigers; branchiae from chaetigers 14-17 with up to 10-11 filaments......................

...P. adenensis (Gravier,
1900)

12(1). Compound spinigers present in all chaetigers...P. totospinata (Lu and Fauchald,
1998)

- Compound spinigers present only in anterior or median chaetigers; compound falcigers

present in all the chaetigers..................cooo 13
13(12). Subacicular hooks with reddish basal end, distally am-
DT e s P
andresi Molina-Acevedo, 2018
- Subacicular hooks translucent or entirely amber...................ooooiin . 14
14(13). More than four subacicular hooks per chaetiger.......................ooo, 15
- One or two subacicular hooks per chaetiger.......................... 16
15(14). Postchaetal lobes digitiform in pre-branchial chaetigers, with 5-6 subacicular
hooks per chaetiger in median region...................c.ooeenne. P. stragulum (Grube,
1878)
- Postchaetal lobes conical in pre-branchial chaetigers, with more than 10 subacicular
hooks per chaetiger in median region..................... P. carrerai Molina-Acevedo, 2018
16(14). Compound falcigers present from chaetigers 14-22.... P. oculata (Treadwell, 1921)
- Compound falciger present from first chaetiger................c..coooiii i, 17
17(16). Compound falcigers with blades of two sizes in anterior chaetigers................ 18

- Compound falcigers with blades of similar size in anterior chaetigers; dorsal cirri in pre-
and postbranchial region of similar length; postchaetal lobes bluntly conical in branchial
TEZIOTL. ... ettt e e P. fallax (Marion and Bobretzky,
1875)

18(17). Aciculae dark in anterior median region, postchaetal lobes tongue-shaped in pre-
branchial chaetigers, pectinate chaetae with oblique distal edge in anterior chaeti-
ZOTS. it P. bellii (Audouin and Milne-Edwards,

- Aciculae amber in anterior median region, postchaetal lobes basally and with digitiform
end in pre-branchial chaetigers, pectinate chaetae with transverse distal edge in anterior
chaetigers..........coooviiiiiiiiiii P. sinensis (Monro, 1934)
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