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Abstract: Dasybranchus geojedoensis sp. nov., obtained from the soft sublittoral bottom in southern
Korea, is described as a new species. This new species of Dasybranchus is easily distinguishable
from its congeners by the protruded parapodial lobes in the final few thoracic chaetigers.
Dasybranchus geojedoensis sp. nov. closely resembles D. bipartitus (Schmarda, 1861) in number
and position of abdominal branchiae but differs in position of genital pores and lateral organs, range
of thoracic tessellated chaetigers, and denticulation of the abdominal hooks. The partial mtCOI gene
sequences of the new Korean species were significantly distinct from those of undescribed species of
Dasybranchus from Australia. In this study, a key for known species of Dasybranchus is also provided.
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1. Introduction

The polychaetes belonging to Dasybranchus Grube, 1850 [1] occur from the intertidal to the
sublittoral, inhabiting sand with shell or reef fragments, sandy mud, and mud [2–5], where they are
selective deposit feeders and are an important food source for demersal species (e.g., blue crabs and
juvenile cods) [6–8]. The species of this genus have relatively large bodies (ca. 50–300 mm long and
2–10 mm wide) and are easier to spot in the field. However, their diversity has not been correctly
quantified to date [2–5]. The genus was first reported by Grube [9] based on Dasymallus caducus
Grube, 1846 from the Mediterranean Sea. Grube [1] later changed Dasymallus to Dasybranchus without
justification. Later, Eisig [10] redescribed the genus as having 14 thoracic segments (one achaetigerous
peristomium and 13 chaetigers with capillary chaetae only), abdominal segments with only hooded
hooks, and branchial tufts on the mid and posterior body. More recently, the genus was defined by
Green [3] based on the genital pores in the thorax/abdomen transition, the unexpanded parapodial
lobes of the abdominal segments, and the denticulation of the abdominal hooks. We follow this generic
definition in the present study.

The ambiguous taxonomic boundaries and the poor descriptions of some species have caused
taxonomic confusion within the genus [3,5]. For instance, Dasybranchus carneus Grube, 1870 [4] and
Dasybranchus rectus Treadwell, 1901 [11] have only 12 thoracic chaetigers, which do not match the
current definition, while the lack of essential information in their original descriptions prevents the
reexamination of their placement at genus level. Furthermore, the features of the abdominal hooded
hooks of D. caducus (the type species) differ between published records [3], and the description
of D. microchaetus (Schmarda, 1861) [12] from Sry Lanka has not been improved since the poor
original description.
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Although Dasybranchus has occasionally been mentioned in ecological studies, the only known
report of a species of the genus in Korean waters, D. caducus, was based on a brief taxonomic description
including two illustrations of the overall body shape and the abdominal hooded hooks [13]. Therefore,
the purpose of this study was to assess the taxonomic status of the species of Dasybranchus existing in
Korean waters based on both morphological and molecular features, as well as to compare them with
their closest congeners. Additionally, we are also providing a dichotomous key for all known species
of the genus.

2. Materials and Methods

Sublittoral samples were collected near Geojedo (South Korea) using a 0.05 m2 Van Veen grab
(Figure 1 and Table 1). Sediments were elutriated over a 1 mm sieve, and the retained organisms
were fixed in 10% neutral buffered formalin and latter preserved in 95% ethanol in the laboratory.
Morphological identifications were done under a zoom stereomicroscope (SMZ745T, Nikon, Tokyo,
Japan). Line drawings were created using a differential interference contrast microscope (Eclipse Ci-L,
Nikon, Tokyo, Japan) with a drawing tube and digital pen display (Cintiq 22HD, Wacom, Kazo, Japan).
Methyl green staining patterns (MGSP) were described and photographed. The specimens were
bathed in a saturated solution of methyl green and 70% ethanol for a minimum of one minute, and the
MGSP was determined after placing them into clean 70% ethanol for one minute. Scanning electron
microscopy (SEM) observations were performed as described by Jeong et al. [14]. Type materials were
deposited at the Marine Biodiversity Institute of Korea (MABIK), Seocheon, Korea.
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Table 1. List of sampling localities, species name, specimen type, Marine Biodiversity Institute of Korea
(MABIK) collection numbers, and GenBank accession numbers.

Location Latitude/
Longitude

Species Type Collection
Numbers

Accession Numbers

Nation District mtCOI Histone H3

Korea Geojedo 34◦43.08′ N
128◦35.13′ E

D. geojedoensis
sp. nov.

Holotype NA00141494
Paratype NA00141495 MT513740 MT513742
Paratype NA00141496 MT513741 MT513743

To extract genomic DNA from preserved specimens, 1.5 mL centrifuge tubes containing 90 µL
of 10% Chelex suspension (Bio-Rad Laboratories Inc., Hercules, CA, USA), 10 µL of Proteinase
K (10 mg/mL, iNtRON Biotechnology, Inc., Daejeon, Korea), and dissected tissues (about 1 mm in
diameter) were incubated at 56 ◦C, for 12 h. Polymerase chain reactions (PCR) were performed on a PCR
thermal cycler (TP600, Takara Co., Kyoto, Japan). To verify the genetic features of the Korean specimens,
partial sequences of mitochondrial (mtCOI) and nuclear (histone H3) genes were used. The primer pair
used for the mtCOI gene was polyLCO (5′-GAYTATWTTCAACAAATCATAAA GATATTGG-3′) and
polyHCO (5′-TAMACTTCWGGGTGACCAAARAATCA-3′) [15]; for the histone H3 gene, it was H3F
(5′-ATGGCTCGTACCAAGCAGACVGC-3′) and H3R (5′-ATATCCTTRGGCATRATRGTGAC-3′) [16].
The PCR mixtures contained 17 µL of deionized water, 1 µL of each primer (10 µM), and 1 µL of DNA
template and PCR premix (20 µL, Bioneer Co., Daejeon, Korea). The temperature profile was as follows:
94 ◦C/300 s (94 ◦C/45 s, 46 ◦C/45 s, and 72 ◦C/45 s) * 40 cycles at 72 ◦C/420 s for mtCOI; and 94 ◦C/180 s
(94 ◦C/45 s, 50 ◦C/60 s, and 72 ◦C/60 s) * 35 cycles at 72 ◦C/420 s for histone H3. Purification and
sequencing of the obtained PCR products were performed at the Macrogen Inc. facilities (Seoul, Korea).
The sizes of obtained sequences for mtCOI and histone H3 were 510 and 333 base pair, respectively.
The partial sequences of the Korean specimens were edited using Chromas software version 2.3
(Technelysium Pty Ltd., Brisbane, Australia) and were aligned with the sequences available in the
public database (http://www.ncbi.nlm.nih.gov/Genbank) using the Molecular Evolutionary Genetics
Analysis (MEGA) software version 7.0 [17]. The aligned sequences were used as datasets to generate
genetic distance estimates using Kimura’s two-parameter (K2P) model [18]. On the basis of the K2P
distances, intra- and interspecific genetic differences among the examined taxa were calculated.

3. Results

3.1. Systematics

Family Capitellidae Grube, 1862 [19]
Genus Dasybranchus Grube, 1850 [1]
Type species Dasybranchus caducus (Grube, 1846)

3.2. Generic Diagnosis

Prostomium rounded or conical, palpode, and eyespots present or absent. Thorax with 14 segments,
i.e., one achaetous peristomium and 13 segments with capillary chaetae only. Chaetiger 1 biramous.
Abdominal chaetigers with hooded hooks only. Branchiae retractile as simple filaments or branched
tufts arising from superior edge of neuropodia on median and posterior segments. Genital pores
beginning on posterior end of thorax. Lateral organs present on thorax and abdomen.

Dasybranchus geojedoensis sp. nov.
Figures 2A–D and 3A–F.

http://www.ncbi.nlm.nih.gov/Genbank
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Figure 2. Dasybranchus geojedoensis sp. nov. (shadings indicate methyl green staining patterns (MGSP)).
(A) Anterior end, left lateral view; (B) Same, dorsal view; (C) Abdominal chaetigers 64–66, left lateral
view; (D) Abdominal hooded hook, lateral view. Br, branchiae; cc, capillary chaetae; ch, chaetiger;
gp, genital pore; hh, hooded hooks; lo, lateral organ; mf, main fang; neu, neuropod; no, notopod;
per, peristomium.

3.3. Material Examined

Holotype: MABIKNA00141494 (incomplete, 84 chaetigers), sampled in Korea, Geojedo,
34◦43.085′ N, 128◦35.131′ E; subtidal zone of fish port, 13.7 m depth; collected by Jae-Seong Yun,
in April 2013. Paratypes as follows: two specimens, MABIKNA00141495 and MABIKNA00141496
(incomplete, 33–80 chaetigers), same locality, depth, date, and collector as holotype.

3.4. Species Diagnosis

Thoracic chaetigers 1–8 weakly tessellated. Abdominal hooks with four rows of teeth on the main
fang; three teeth in basal row, six in second and third rows, and eleven in superior row. Genital pores
in intersegmental furrows between chaetigers 10–11, 11–12, 12–13, and 13–14. Branchiae dendritic,
retractile, beginning from abdominal chaetiger 47, each tuft consisting of 7–9 branches.

3.5. Description

Holotype about 30 mm long and 2.4 mm wide for 84 chaetigers (terminal part missing).
Body elongate, dorsally round, ventrally flattened, widest in mid-thoracic chaetigers, light brown
in alcohol.

Prostomium almost concealed by peristomium, with blunt tip; nuchal organs and eyespots not seen.
Everted proboscis with numerous short papillae (Figure 3B). Peristomium achaetous, bi-annulated,
narrower than following thoracic segments, two times longer than first thoracic chaetiger (Figures 2A,B
and 3B,C).

The thorax had 14 segments including one achaetous peristomium and 13 chaetigers (Figure 2A,B),
all strongly biannulated, with distinct intra- and intersegmental furrows, intrasegmental furrows more
developed in posterior segments; peristomium and chaetigers 1–8 very weakly tessellated; following
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segments smooth (Figures 2A,B and 3B). First chaetiger biramous (Figure 2A). Thoracic noto- and
neuropodia with bi-limbated capillaries only; thoracic chaetigers with about 15–30 capillaries per fascicle
(Figure 2A,B). Parapodia inserted at intrasegmental furrows; notopodial lobes in chaetigers 12–13,
and neuropodial lobes in chaetigers 10–13, distinctly protruding above epidermis (Figures 2A,B
and 3C). Notopodia dorso-lateral, neuropodia lateral (Figure 2A,B). Lateral organ oval, inserted at
intrasegmental furrows between noto- and neuropodia in all chaetigers (Figure 2A). Genital pores
inserted at intersegmental furrows between chaetigers 10–11, 11–12, 12–13, and 13–14 (Figure 2A).Diversity 2020, 12, x FOR PEER REVIEW 6 of 10 
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Figure 3. Dasybranchus geojedoensis sp. nov. (A) Anterior abdominal segments, left lateral view
(red lines indicate dorsal edge of neuropodial chaetal fascicles, NA00141495); (B) Anterior thoracic
segments with proboscis, left lateral view (NA00141495); (C) Anterior end, left lateral view (showing
protruded parapodial lobes on chaetigers 10–13, NA00141494); (D) Abdominal branchiae, left lateral
view (NA00141494); (E) Abdominal hooded hooks in frontal view; (F) Same, lateral view. ch, chaetiger;
mf, main fang; neu, neuropodium; no, notopodium; per, peristomium; prob, proboscis.

Transition between thorax and abdomen clearly distinct (Figures 2A,B and 3C). First abdominal
segments tri- or multi-annulated, with only hooded hooks and parapodial lobes well separated from
each other, weakly inflated above epidermis; neuropodial lobes longitudinally more expanded than
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notopodial lobes (Figures 2A,B and 3C). Abdominal notopodia clearly separated dorsally, dorsolateral,
with 45–50 hooded hooks per fascicle (Figure 2A,B). Abdominal neuropodia separated by ventral
furrow, lateroventral, with 90–110 hooded hooks per fascicle (Figure 2A). Hooded hooks with distinct
node on shaft, main fang extending slightly beyond hoods, and four rows of small teeth above the main
fang; three teeth in the basal row, six teeth in the second and third row, and eleven teeth in the apical
row; teeth on the main fang gradually smaller apically; teeth of apical row irregularly arranged and
overlap each other (Figures 2D and 3E,F). Branchiae dendritic, retractile, beginning from abdominal
chaetiger 47; each tuft consisting of 7–9 branches (Figures 2C and 3D).

Methyl green staining distinct at most abdominal segments. Abdominal dorsum (including
notopodial lobes and anterior ring of each abdominal segment) strongly stained with light blue
(Figures 2A–C and 3A). Abdominal ventral part near neuropodial chaetal fascicles very weakly stained
(Figures 2A,C and 3A).

3.6. Etymology

The specific epithet refers to the type locality, Geojedo.

3.7. Distribution and Ecology

Dasybranchus geojedoensis sp. nov. is only known from the type locality on the southeastern Korea;
however, increased sample collection from other coastal areas could extend its distribution range.
The average salinity, dissolved oxygen, and temperature of the bottom water layer was 33 PSU, 8 mg/L,
and 12.5 ◦C, respectively. All obtained specimens were adult.

3.8. Remarks

Dasybranchus geojedoensis sp. nov. most closely resembled, Dasybranchus bipartitus (Schmarda,
1861) in the absence of distinct prostomial eyespots, the distinct gaps between notopodial lobes in the
anterior abdominal segments, the position of the abdominal segments with branchiae, and the number
of branchiae per fascicle (Table 2). However, the species clearly differ in the number of chaetigers
with genital pores (10–14 in D. geojedoensis vs. 9–15 in D. bipartitus), the range of tessellated thoracic
chaetigers (1–5 in D. geojedoensis vs. all in D. bipartitus), and the different denticulation of the abdominal
hooks (Table 2). Additionally, the thoracic lateral organs are indistinct in D. bipartitus [20] and distinct in
all thoracic segments in D. geojedoensis (Figure 2A). The clearly protruding parapodial lobes in the final
thoracic chaetigers are a unique feature of D. geojedoensis (Figures 2A and 3C). Dasybranchus geojedoensis
is easily distinguished from the D. caducus by the different segmental origin of the branchiae, the
positions of the tessellated thoracic segments and the genital pores, and the denticulation of the
abdominal hooded hooks (Table 2).

The MGSP can only be compared with that of D. eisigi Green, 2002 from Thailand, which showed
distinct staining patterns in the prostomium (dark green), chaetigers 1–14 (green), chaetigers 15–18
(dark green), and the remaining abdominal segments (dark green in the ventral portion). Conversely,
our new Korean species described in this study shows distinct staining only on the dorsum of the
abdominal segments (Figure 3A and Table 2).



Diversity 2020, 12, 290 7 of 10

Table 2. Summary of the main morphological characters for a comparison of Dasybranchus geojedoensis
sp. nov. with the closely related species. Ch, chaetigers.

Species Tessellated
Segments

Genital
Pores

Denticulation
of Hooded

Hooks

Branchiae
(Number) MGSP Habitat (Type

Locality) References

D. geojedoensis
sp. nov. Ch 1–5 Between

Ch 10–14

>26 teeth in 4
rows (3/6/6/ >

11)

from 47th
abdominal
chaetiger

(7–9)

Dorsum of
abdomen

stained light
blue

Subtidal, 13 m
depth, sandy

mud (southern
Korea)

This study

D. bipartitus Ch 1–13 Between
Ch 9–15

>17 teeth in 3
rows

(1–4/4–8/?)

from 40th
abdominal
chaetiger

(2–13)

Not examined Unknown
(South Africa) [9,12,20]

D. caducus Ch 1–9 Between
Ch 12–15

3–24 teeth in
1–3 row(s);

reexamination
required

from 20th
abdominal
chaetiger

(>20)

Not examined
Sandy mud

(Mediterranean
Sea)

[2,3]

D. eisigi Absent Between
Ch 11–15

7 teeth in 2
rows (4/3)

Not
examined

Ch 1–14
stained green,
Ch 15–18 and
venter of Ch
19–21 stained

dark green

Subtidal, 21 m
depth, sand
with shell
fragments
(Thailand)

[3]

3.9. Molecular Comparison

Genetic differences for the mtCOI (MT513740–MT513741) and histone H3 (MT513742–MT513743)
genes between the two examined Korean specimens were not detected. According the mtCOI,
D. geojedoensis showed a 52% of genetic distance from an undescribed species of Dasybranchus
(EU835658) from Australia.

4. Discussion

According to the most recent taxonomic studies on the species of Dasybranchus, morphological
details of the eyes, tessellated thoracic segments, anterior abdominal parapodia, lateral organs, genital
pores, hooded hooks, and branchiae are crucial characteristics [3,5,21]. Among them, the position of
the parapodial lobes in the anterior abdomen, the position of segments with genital pores or branchiae,
and the degree of development of lateral organs are the most diagnostic characteristics to distinguish
and describe a new species. However, some of them are incompletely reported in D. microchaetus,
D. serratus, D. carneus, and D. rectus. The latter two are even ambiguous at the genus level and differ
also in chaetal arrangement. Dasybranchus carneus has 12 thoracic chaetigers with only capillaries
in both parapodia, and lacks chaetae in the second segment (i.e., first chaetiger) [4], while D. rectus
has capillary chaetae on thoracic segments 2–13 (i.e., chaetigers 1–12) [11] unlike other congeneric
species, which have capillaries on the first 13 chaetigers. To clarify the taxonomic relationships and
the boundaries of this genus, a re-examination of these incomplete and ambiguous species would
be necessary.

Our study provides a detailed morphological description of D. geojedoensis sp. nov., including
the MGSP. With a single exception, the MGSP of the species of Dasybranchus are mostly unknown.
Staining patterns proved to be useful to distinguish species in various capitellid genera, even when
dealing with fragmented specimens [3,22–24]. Our study confirms the differences in the MGSP between
the two species of Dasybranchus, suggesting that it can be also used as an additional character in
identification keys for the species of this genus.

Our molecular comparison result (mean K2P distance, 52%) exceeds the commonly reported
interspecific difference of the mtCOI (13–23%) among capitellid species [14,22,25]. Although the mtCOI
and H3 genes are useful for distinguishing taxa at the species level, we were not able to locate any other
comparable sequences for recognized species of Dasybranchus in public databases. In addition, we
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were not able to obtain sequences from other genetic loci (i.e., 18S rRNA or 28S rRNA) that could have
been effective in determining the phylogenetic position of the new Korean species, and therefore our
molecular result provides only limited information. To more accurately resolve relationships within
Dasybranchus, both broader taxon sampling and additional genetic markers would be necessary.

The key to species of Dasybranchus (except D. microchaetus and D. serratus) is as follows:

1 Thorax with 12 chaetigers 2
- Thorax with 13 chaetigers 3
2 Prostomium without eyespots; all thoracic segments tessellated

D. carneus Grube, 1870
- Prostomium with eyespots; anterior thoracic segments tessellated

D. rectus Treadwell, 1901
3 Prostomium with eyespots; all thoracic segments smooth,

D. lunulatus Ehlers, 1887 [26]
- Prostomium without eyespots 4
4 Anterior abdominal notopodia dorsally far apart from each other 5
- Anterior abdominal notopodia dorsally close to each other 8
5 Branchiae beginning from near abdominal chaetigers 10–20 6
- Branchiae beginning from near abdominal chaetigers 40–50 7
6 Each branchial tuft with 15–20 filaments; genital pores between chaetigers 12–15

D. caducus (Grube, 1846)
- Each branchial tuft with 5–30 filaments; genital pores between chaetigers 9–25

D. platyceps Hartman, 1947
7 Anterior thoracic segments weakly tessellated; genital pores between chaetigers 10–14

D. geojedoensis sp. nov.
- All thoracic segments tessellated; genital pores between chaetigers 9–15

D. bipartitus (Schmarda, 1861)
8 All thoracic segments tessellated 9
- All thoracic segments smooth 10
9 Abdominal hooded hooks with teeth in three to four rows above main fang; each branchial tuft with
10–20 filaments

D. gajolae Eisig, 1887
- Abdominal hooded hooks with six teeth in two rows above main fang; each branchial tuft with 2–10
filaments

D. parplatyceps Kudenov, 1975
- Abdominal hooded hooks with three teeth in one row above main fang; each branchial tuft with 30 filaments

D. lumbricoides Grube, 1878 [27]
10 Abdominal hooded hooks with seven teeth in two rows above main fang

D. eisigi Green, 2002
- Abdominal hooded hooks with three teeth in two to three rows above main fang; each branchial tuft with
2–3 filaments

D. glabrus Moore, 1909 [28].
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