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ABSTRACT

Since 2020, specimens of the Paracondylactis species, which primarily inhabit soft sediments such as sandy
mudflats, have been collected from the intertidal zones of Korea’s western coast (Boryeong and Byeonsan) by
digging through the sand with a shovel. These specimens have smooth, very elongated, and cylindrical bodies. The
juvenile sea anemones attached to floating bamboo sticks, Chinese-made snack bags, and water bottles were found
in 2024 near the rocky shoreline of the western part of Jeju Island. It is thought that this species is native to Korea
from China, which is its type locality. By comparing mitochondrial COX3 sequences with those of relative species
and analyzing its external morphology and cnidae, this unrecorded species has been identified to be Paracondylactis
sinensis. With 96 tentacles, P. sinensis differs morphologically from the recorded species, P. hertwigi, which has 48.
It is also easily distinguishable from the latter by body color.
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INTRODUCTION

The genus Paracondylactis Carlgren, 1934 belonging to
the largest family, Actiniidae, of Actiniaria currently has
three species— Paracondylactis hertwigi (Wassilieff, 1908),
P. sinensis Carlgren, 1934, and P. singaporensis (England,
1987)—worldwide (Rodriguez et al., 2024). Among them, P.
hertwigi has been reported in Korea (Song, 1984). Paracon-
dylactis is widely distributed in the Indian Ocean (India and
Pakistan), the Indo-Pacific Ocean (Andaman Island, the East
China Sea, and Singapore), and the western Pacific Ocean
(Korea and Japan) (Carlgren, 1934; Song, 1984; England,
1987; Fautin et al., 2015; Gul and Hdussermann, 2017;
Choudhury and Sivaperuman, 2023). They live primarily in
tropical and subtropical regions of these oceans, but have also
been found in temperate regions, typically living in burrows in
soft sediments, such as mud sand, in the intertidal to shallow
subtidal zones (Song, 1984; Mitra and Pattanayak, 2010; Fau-
tin and Tan, 2016). In certain countries, such as China, P. sin-
ensis is consumed as food (Li et al., 2023). Paracondylactis
is characterized by having smooth, very elongated, and cylin-

drical bodies which are wide distally and narrow toward the
base, and it usually extends tentacles over muddy sand during
the night (Carlgren, 1934).

A species morphologically distinct from P. hertwigi previ-
ously reported in Korean waters was discovered during sur-
veys conducted in the sandy intertidal zones of the western
coast of Korea, encompassing Boryeong and Byeonsan, begin-
ning in 2020. In August 2024, small sea anemones identical to
those found on the west coast were collected from the rocky
coast of Jeju Island, attached to floating bamboo sticks, plastic
bottles, and snack bags. Through taxonomic and genetic anal-
yses with related species, a previously unreported species,
Paracondylactis sinensis, was identified and described herein
with its photographs of external features and cnidae. A total of
two Paracondylactis species have been described from Korean
anthozoan fauna as a result of this study.

MATERIALS AND METHODS

Since 2020, specimens of the Paracondylactis species have
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been collected from the intertidal zones of the Yellow Sea
(Boryeong and Byeonsan) by digging through the sand with a
shovel, as it mainly occurs on sandy mudflats. In 2024, small
sea anemones attached to floating bamboo sticks, plastic bot-
tles, and snack bags were collected at the rocky shoreline of
the western part of Jeju Island. Photographs of live anemones
attaching to substrata or burrowing in the sand were taken
using a digital camera (Tough TG-5; Olympus Digital Solution
Corporation, Tokyo, Japan) in order to record their ecological
features and morphological characteristics. The specimens
were anesthetized with menthol powder for approximately
four to six hours after collection. They were then preserved
in 99% alcohol (v/v) for molecular analysis and in 5% neutral
buffered formalin (v/v) for morphological examinations. Of
the total of 15 specimens, three (MABIK CN00081558-
CNO00081560) were deposited at the National Marine Bio-
diversity Institute of Korea in Seocheon. The remaining speci-
mens were stored separately at the Marine Biodiversity and
Conservation Laboratory at Woosuk University in Jincheon
and the Cnidaria Bioresources Bank of Korea, respectively.

To identify the sea anemones, a stereomicroscope (SteREO
Discovery. V8; Carl Zeiss, Jena, Germany) was used to ob-
serve their detailed morphological characteristics, including
the length and size of each body part, the number of tentacles,
and their color pattern. A light microscope (Axio Lab.A1; Carl
Zeiss) was also used to examine the types of cnidae found
in the tissues of each sea anemone part. A CMOS sensor
microscope digital camera (KCS-2000SS; Korea Lab Tech,
Seongnam, Korea) was used to take every detailed photo-
graphs. An image analyzer (OptiView; Korea Lab Tech) was
used to measure the size of the cnidae.

Using mitochondrial COX3 sequences, molecular identi-
fication was carried out to estimate the genetic distances be-
tween related Paracondylactis species, such as P. hertwigi and
P. singaporensis, and identical species collected from China
and Singapore. Following the manufacturer’s protocol, total
DNA was extracted from an ethanol-preserved specimen
using a DNeasy Blood and Tissue Kit (Qiagen, Hilden, Ger-
many). Partial COX3 sequences were amplified using primer
sets (COIIIF and COIIIR), which have been applied to molec-
ular phylogenetic studies of actiniarians (Geller and Walton,
2001; Glon et al., 2021). In 50 pL reactions, amplification was
performed using a MiniAmp thermal cycler (Thermo Fisher
Scientific Inc., Waltham, MA, USA) and the TaKaRa Ex Taq
(Takara Bio Inc., Kusatsu, Japan). The PCR conditions were
10 min at 94°C, 35 cycles of 94°C for 30 s, annealing at 47°C
for 40 s, and extension at 72°C, with a final extension step at
72°C for 10 min.

Neighbor-Joining (NJ) tree was built using the Molecular

Evolutionary Genetics Analysis (MEGA) software version 11,
and genetic distance analysis was performed using the Kimura
2-parameter model (Tamura et al., 2021). All 10 COX3 seq-
uences from Paracondylactis (including all three valid spe-
cies) and the outgroup Entacmaea quadricolor (Leuckart in
Riippell & Leuckart, 1828) were assessed. Five of these seq-
uences were from the present study, while the others were ob-
tained from GenBank. In NJ tree, the accession numbers for
each sequence were positioned next to the names of the spe-
cies.

SYSTEMATIC ACCOUNTS

Phylum Cnidaria Hatschek, 1888
Class Hexacorallia Haeckel, 1896
Order Actiniaria Hertwig, 1882
Family Actiniidae Rafinesque, 1815
Genus Paracondylactis Carlgren, 1934

Key to species of the genus Paracondylactis

1. Tentacles 48 in number .................................................... 2
— Tentacles 96 in number ...................................... P Sinensis
2. Without verrucae on the distalmost column -+ P. hertwigi

— With verrucae on the distalmost colummn-«««=-==«==ssseeseeeeeenes

“Paracondylactis sinensis Carlgren, 1934
(Tables 1, 2, Figs. 1-4)

Paracondylactis sinensis Carlgren, 1934: 26-28, fig. 15; Den
Hartog and Vennam, 1993: 625-631, figs. 40, 41; Fautin et
al., 2015: 50-51, figs. 6, 7; Gul and Hiussermann, 2017:
250, fig. 4; Choudhury and Sivaperuman, 2023: 123, fig. 1.

Paracondylactis dawydoffi Carlgren, 1943: 27-28, figs. 17,
18.

Paracondylactis davydoffi Carlgren, 1949: 55 [misspelling].

Paracondpylactis indicus Parulekar, 1968: 143, 145, pl. 2 fig.
10; Mitra and Pattanayak, 2010: 78-79, fig. A.

Paracondylactis sagarensis; Parulekar, 1990: 223, 226.

Material examined. Korea: 4 individuals, Chungcheong-
nam-do: Boryeong-si, Ungcheon-eup, Doksan Beach (36°13’
20"N, 126°31'40"E), 16 Nov 2020, Lee SJ, Lee KH, Hwang
SJ, intertidal zone; 2 individuals, Jeonbuk-do: Buan-gun,
Byeonsan-myeon, Norumok-gil, Gosapo Beach (35°39'40"N,
126°30'15"E), 15 Sep 2023, Lee SH, Bae JK, intertidal zone;
1 individual, Gyeokpo-ro, Haseom Island (35°39"20"N,
126°2926"E), 16 Sep 2023, Lee SH, Bae JK, intertidal zone;
8 individuals, Jeju-do: Seogwipo-si, Andeok-myeon, Gam-

Korean name: "*c&4=Za M dm| 2 (A13)
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Fig. 1. Living Paracondylactis species. P. sinensis: A, B, Sea anemones burrowing in sandy mud flat at night; C, Shrunken sea
anemone collected at Doksan Beach; D, Small sea anemones attached to floating bamboo stick; P. hertwigi; E, Sea anemone bur-
rowing in mud flat; F, Shrunken orange colored sea anemone attached to shell.

san-ri, Baksugijeong Beach (33°14'05"N, 126°21'30"E), 3 sible, significantly tapering toward base; 48 pseudospherules
Aug 2024, Lee SJ, Yu HJ, Lim MK, Kim SH, Hwang SJ, inter- at margin (Figs. 1C, 2A-C). Oral disc flat, sometimes pharynx
tidal zone. protruding slightly outside mouth, mouth with two siphono-
Description. Column smooth, long, cylindrical, highly exten- glyphs; considerably wider than pedal disc in adults (Figs.
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Fig. 2. Specimens of Paracondylactis sinensis. A, Expanded sea anemone showing pseudospherules (arrow) at margin of column
before fixation; B, Shrunken sea anemone with a bulging pedal disc; C, Well-relaxed and fixed specimen; D, Fixed small specimen.

ps, pseudospherules. Scale bars: A-C=5cm, D=1cm.

1C, 2A). Tentacles plump at base, tapered toward tips and
pointed; large adult individuals (over 60 mm in height) with
up to 96 in number arranged in five cycles, inner (14-85 mm
long) longer than outer (9-32 mm); small young individuals
(less than 6 mm in height) with 24-36, inner (3-4 mm long)
longer than outer (1-4 mm) (Fig. 2A, C, D). Pedal disc small,
usually not attached to hard substrate, sometimes swells (Figs.
1C,2B).

Size: large adult individuals up to 182 mm high from oral
disc to pedal disc, oral disc 19-35 mm in diameter, column
29-51 mm wide in upper part and 9-19 mm wide in narrow
part, pedal disc 10-25 mm; small young individuals less than
6 mm high, oral disc 5-7 mm in diameter, column 4-9 mm in
diameter, pedal disc 5-10 mm.

Cnidom: spirocysts, basitrichs, microbasic b-mastigophores,
microbasic p-mastigophores (Fig. 3). Distribution and detailed
measurements of cnidae in Table 1.

Color. When alive, the oral disc and tentacles are fairly
transparent, yellowish or slightly pinkish, and the body is tan
brown to dusty blue in hue (Figs. 1A-C, 2A).
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Ecology and habitat. This species of burrowing sea anem-
ones primarily inhabits the sandy mud flats of the intertidal
zones along the western coast in Korea (Fig. 1A-C). The sea
anemones expand their tentacles mainly at night, but occa-
sionally during the day. Young sea anemones, on the other
hand, seem to migrate by adhering to floating matters like
bamboo sticks and plastic bottles (Fig. 1D). It is assumed that
this species was introduced to Korea from China, its type
locality, especially since the juveniles collected in Jeju were
discovered attached to Chinese snack bags and water bottles.
Distribution. Western Pacific Ocean: Korea (Byeonsan, Bo-
ryeong, and Jeju); Indo-Pacific Ocean (Andaman Island, the
East China Sea, and Singapore): Indian Ocean (India and Paki-
stan).

Remarks. Carlgren originally described Paracondylactis sin-
ensis in 1934 using specimens collected in China, including
the Yangtze River basin, and widely observed from the Indian
to the western Pacific Oceans. Our specimens align with the
original description of P. sinensis on the basis of external cha-
racteristics. However, our specimens’ cnidae data were com-
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Fig. 3. Cnidae of Paracondylactis sinensis. A, Tentacle; B, Pseudospherule; C, Column; D, Mesenterial filament; E, Actinopharynx.
ba, basitrich; m b-m, microbasic b-mastigophore; m p-m, microbasic p-mastigophore; sp, spirocyst. Scale bar: A-E=10 pm.

pared with those of Den Hartog and Vennam (1993) because ent types of cnidae. Despite some variation in cnidae type,
the original description did not adequately describe the differ- the cnidae data from our specimens generally indicate cnidae
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Table 1. Comparison of size of cnidae of Paracondylactis sinensis, size in ym

Tissue and cnidae

Den Hartog and Vennam, 1993
(number of cnidae)

This study
(mean, number of cnidae)

Tentacles

Spirocysts

Basitrichs

Microbasic p-mastigophores
Pseudospherules

Basitrichs

Microbasic p-mastigophores
Column

Spirocysts

Basitrichs

Microbasic p-mastigophores
Actinopharynx

Spirocysts

Basitrichs

Microbasic b-mastigophores

Microbasic p-mastigophores
Mesenterial filaments

Basitrichs

Microbasic b-mastigophores

Microbasic p-mastigophores

17.0-40.0x 2.2-4.0 (many)
23.4-36.9x2.3-2.7 (70)
14.4-20.7 X 3.6-5.6 (40)

11.7-15.8x2.3-2.7 (40)
17.1x5.0 (1)

9.0-12.0x2.0 (rare)
11.7-20.7x2.3-2.7 (90)
16.7-21.6x4.5-5.9 (30)

Not observed
20.7-27.9x3.2-3.6 (50)
Not observed
17.1-26.1%x4.5-5.9 (27)

9.9-13.5x2.0-2.7 (40)
23.9-36.9x4.1-6.1 (60)
16.2-26.1x3.2-5.9 (70)

15.5-40.4%2.4-3.6 (25.0% 3.0, 68)
15.5-33.0x2.1-3.3(26.3%x2.6, 77)
Not observed

8.7-24.7x1.8-2.7 (13.6x 2.3, 46)
18.0-18.4x4.9-5.3 (18.2x5.1, 2)

18.9-32.0x2.5-3.9(24.6%x3.2, 9)
13.3-29.0%x2.2-3.7(18.4%x 2.9, 42)
Not observed

29.1-31.1x3.4-3.8 (30.1x 3.6, 2)

11.4-29.7x2.4-4.4 (22.9% 3.6, 52)
31.9-37.7x5.8-6.9 (34.9x6.3, 25)
20.3-25.3%4.8-6.0 (22.9%5.2, 25)

11.6-25.6x2.2-3.0 (15.8x 2.6, 11)
33.1-40.5x5.5-6.8 (36.0x 6.1, 20)
17.4-25.7x4.8-6.3 (23.4x5.4, 20)

Table 2. Genetic distances within and between species of the genus Paracondylactis and Entacmaea quadricolor (outgroup) based

on partial COX3 DNA in 630 bp length

. Within species of Among species of Between
Species . . . . GenBank

(No. of sequences) Paracondylactis Paracondylactis P. sinensis accession No

’ q (mean*SD) (min.-max.) (mean+SD) ’
P. hertwigi (1) n/c 0.011-0.023 0.023+0.006 PQ7992522

P. sinensis (6) 0.001+0.001 0.021-0.023 - PQ799248-PQ799251°

0Q363537
0OP903146
P. singaporensis (2) 0.000+0.000 0.011-0.021 0.021+0.006 0Q363529
0Q363539
Entacmaea quadricolor (1) n/c 0.044-0.051 0.044+0.009 0Q363532

n/c, not calculated.
®The sequences obtained in this study are indicated.

type and size comparable to those of P. sinensis (Table 1). In
the field, P. sinensis can be easily identified from the recorded
species, P. hertwigi, based on body color (Fig. 1E, F). Also,
it is distinguishable morphologically from the latter, which has
48 tentacles, in that it has 96 tentacles (Carlgren, 1934; Song,
1984). P. singaporensis, which has only been documented
from Singapore, differs from P. sinensis in that it has 48 ten-
tacles and verrucae on the distalmost column (Fautin and Tan,
2016).

DNA barcoding. The partial sequences (630 bp) of COX3
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from Paracondylactis species and one outgroup (Entacmaea
quadricolor) were used to analyze genetic distances between
and within species. The intra- and inter-specific genetic dis-
tances of the Paracondylactis species are shown in Table 2.
With the exception of the species for which only one seq-
uence was available in GenBank, intraspecific genetic dis-
tances were extremely low, with 0.1% in P. sinensis and 0.0%
in P. singaporensis. On the other hand, the range of 1.1% to
2.3% for the interspecific genetic distances between Paracon-
dylactis species were comparatively large. Furthermore, com-

Anim. Syst. Evol. Divers. 41(1), 75-82
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Paracondylactis sinensis PQ799248

Paracondylactis sinensis PQ799249

93
Paracondylactis sinensis PQ799250

Paracondylactis sinensis PQ799251
9%

Paracondylactis sinensis OP903146

Paracondylactis sinensis 0Q363537

P dylactis hertwigi PQ799252

97 Paracondylactis singaporensis 0Q363539

98
Paracondylactis singaporensis 0Q363529

0.01

Entacmaea quadricolor 0Q363532

Fig. 4. Neighbor-Joining tree constructed from COX3 sequences of Paracondylactis sinensis and related species. Numbers at the
nodes indicate the percentage occurrences among 1,000 bootstrap values. GenBank accession numbers are given next to the spe-

cies name, and newly sequenced species in this study are bolded.

pared to the outgroup Entacmaea quadricolor, the Paracon-
dylactis species showed genetic differences of 4.4-5.1%. The
interspecific genetic distance of the Paracondylactis COX3
gene is approximately ten times greater than its intraspecific
genetic distance, and it is two to five times smaller than that
of other Actiniidae genus. The COX3 gene thus appears to be
a powerful barcode region for distinguishing Actiniarian spe-
cies, as demonstrated by previous studies (Rodriguez et al.,
2014; Frazao et al., 2020). The NJ tree based on partial COX3
sequences indicates evidence that Paracondylactis sinensis
collected from Korea belongs to the same clade as Paracon-
dylactis sinensis published from China (type locality) and
Singapore (Fig. 4). Furthermore, it turned out that there was a
clear distinction between the three species of Paracondylactis:
P. hertwigi, P. sinensis, and P. singaporensis. Paracondylactis
sinensis was found to be somewhat different from the other
two species, with genetic distances of 2.3% and 2.1%, respec-
tively, approximately twice as great as the 1.1% genetic differ-
ence between these two species.
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