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Introduction 
The phylum Echinodermata comprises five major 

classes, one of which is class Crinoidea. All living cri-
noid species belong to subclass Articulata (Ausich and 
Messing, 1998), commonly known as sea lilies and 
feather stars, and called stalked crinoids and unstalked 
crinoids, respectively. The crinoids existing in modern 
marine environments belong to the order Comatulida, 
which is the dominant group of living unstalked crinoids 

(Messing, 1997). They have a body structure like a cup 
form and 5 to 200 arms (Towle, 1989). Many pinnules 
are located on the arms of the comatulids, and they use 
the movement of arms and pinnules for suspension-feed-
ing behavior.

The genus Tropiometra AH Clark, 1907 is the only 
one in the family Tropiometridae AH Clark, 1908 of 
the superfamily Tropiometroidea AH Clark, 1908, and 
comprises four species worldwide. In previous studies, 
the genus Tropiometra has never been reported in Korea 

(Won and Shin, 2002; Shin, 2001; 2002; 2004; 2005; 
2013; Kim, 2020). This genus is known to have an irreg-
ular distribution and is extremely limited locally. Tropi-
ometra macrodiscus (Hara, 1895) is a species belonging 
to the genus Tropiometra and has been confused in spe-
cies-level identification with Tropiometra afra (Hartlaub, 
1890) in many morphological characteristics. After it 
was first recorded in 1895, T. macrodiscus was recorded 
under T. afra for consideration as a subspecies or repor- 
ted as T. afra. In 1947, differences in the distribution 
range and morphological characteristics were used to 
determine the classification key to T. macrodiscus and T. 
afra (see Clark, 1947). Therefore, currently, T. macrodis-
cus and T. afra are classified as different species despite 
their similar morphologies.

In the case of species that are difficult to distinguish, 
DNA barcoding techniques have been extremely helpful 
in identifying the species (Hebert et al., 2003). In ani-
mals, the 658 bp mitochondrial cytochrome c oxidase 
subunit I (COI) is known as the most powerful DNA 
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barcode region for species identification (Folmer et al., 
1994; Hebert et al., 2003; Ratnasingham and Hebert, 
2007). The 658 bp COI region has been used for mo-
lecular phylogeny and DNA barcoding in the class Cri-
noidea (Ward et al., 2008; Summers et al., 2014; Nina 
and Gunalan, 2014), and more than 2,600 COI sequenc-
es of crinoids have been registered in the NCBI Gen-
Bank database (https://www.ncbi.nlm.nih.gov/). Among 
the crinoid COI sequences, Tropiometra species have 
34 sequences, and T. macrodiscus and T. afra have only 
one sequence each. Using these COI sequences for com-
parison with the sequences obtained in this study, we 
provide morphological descriptions of T. macrodiscus 

(Hara, 1985) collected in Korea along with detailed pho-
tographs.

The specimen collection was conducted by SCUBA 
diving to explore the native species from August 2010 
to January 2011, and two specimens were collected in 
Busan (34°53′25.0″N, 128°57′22.4″E) and Tongyeong 

(34°39′12.9″N, 128°34′42.5″E). The specimens were 
fixed in 95% ethanol and were stored at the Institute of 
Marine Life Resources, Sahmyook University.

The key characters, such as cirrus segments, pin-
nules (P1, P2, and P3), and the centrodorsal, were photo-
graphed using a camera (Nikon D7000, Tamron 60 mm 
macro lens). A quarter of the total cirrus was isolated for 
observation of the axillary morphology. Species identi-
fication was confirmed according to the description of 
morphological characteristics described by Hara (1895), 
Gislén (1922), and Clark (1947).

The COI sequences of 657 bp were amplified using 
the primers LCO1490_crinoid (5′-TGRTTTTTTTC-
TACDAATCATAAGG-3 ′) and HCO2198_crinoid 

(5′-TAAGAATATAAACYTCAGGATGACC-3′) modi- 
fied with the universal COI primer set (LCO1490 and 
HCO2198) (Folmer et al., 1994) with the AccuPower 
PCR PreMix kit in a total volume of 20 μL, according to 
the manufacturer’s instructions. One microliter of tem-
plate DNA, 0.5 μL of each primer at 10 pmol, and 18 μL 
distilled water were added to AccuPower PCR PreMix. 
Amplification was conducted with initial denaturation at 
94℃ for 3 min, 35 cycles of denaturation at 94℃ for 30 
s, annealing at 50℃ for 30 s, extension at 72℃ for 45 
s, and a final extension at 72℃ for 5 min. Each reaction 
was verified on a 1.5% EcoDyeTM Nucleic Acid Staining 
Solution (Biofact, Daejeon, Korea) stained agarose gel 
using 1X TBE buffer (Biosesang, Seongnam, Korea), 
and 100-bp DNA ladder (Elpis Biotech, Daejeon, Korea) 
were loaded at 2 μL to confirm the size.

The amplified PCR products were bidirectionally se-
quenced to obtain complete sequences (Genotech, Dae-
jeon, Korea). The COI sequences were edited using 
BioEdit (Hall, 1999) to assess the quality of sequencing, 
and sequence alignment was performed using Clustal X 
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(Thompson et al., 1997). Phylogenetic tree construction 
was conducted with the dataset produced according to 
the minimum length among the 15 COI sequences, incl- 
uding two T. macrodiscus and 13 crinoids (JX236097, 
GU327867, JX236095, GU480555, JX236082, JX 
236089, JX236083, KC626526, KC626581, KC626585, 
KC626589, KC626529, and KC626556). The COI se-
quences of 449 bp were analyzed, and the pairwise ge-
netic distances were calculated according to the Kimura 
2-parameter (K2P) model (Kimura, 1980; Collins et al., 
2012) with 1,000 bootstrapping in MEGA software ver-
sion 7.0 (Kumar et al., 2016) (Table 1). A neighbor-join-
ing tree was constructed using MEGA7.0 (Kumar et al., 
2016), and the stalked crinoid Holopus alidis (KC626556) 
was chosen as the outgroup (Fig. 2).

The present study describes a new record of T. macro-
discus (Hara, 1895) belonging to the family Tropiometri-
dae, the superfamily Tropiometridae, in South Korea. In 
the Korean fauna, the family Tropiometridae is reported 
for the first time, and the morphological characteristics 
of this species are described.

Systematic Accounts

Class Crinoidea Miller, 1821
Subclass Articulata Zittel, 1879
Order Comatulida AH Clark, 1908
Superfamily Tropiometroidea AH Clark, 1908
Family Tropiometridae AH Clark, 1908
Genus Tropiometra AH Clark, 1907

Tropiometra macrodiscus (Hara, 1895)
Antedon macrodiscus Hara, 1895: 115; Clark, 1908: 481; 

Hara and Okada, 1921: 33.
Tropiometra macrodiscus Clark, 1907: 349; Clark, 1908: 

316.
Tropiometra afra Clark, 1908: 315; 1912: 176; Gislén, 

1934: 6.
Tropiometra afra var. macrodiscus Gislén, 1922: 90; 1922:  

44, 51, 53, 78, 90.
Tropiometra afra macrodiscus Clark, 1947: 272. 

Material examined. Korea: One specimen, waters adja- 
cent to Busan (34°53′25.0″N, 128°57′22.4″E), Aug 3, 
2010, with SCUBA; One specimen, waters adjacent to 
Tongyeong (34°39′12.9″N, 128°34′42.5″E), Oct 20, 2011, 
with SCUBA.
Description. Specimen from Busan; a total of 10 arms, 
310 mm long. Centrodorsal width 12 mm, height 4 mm. 
Dorsal pole 6 mm in diameter. Centrodorsal, very thick 
disk with slightly sloping side, middle of dorsal pole 
clearly concave form. Cirrus sockets arranged in three 
irregular rows. Cirrus ⅩLⅤ, 32-42 segments, 35-50 mm 

long, stout and smoothly curved, non-spine develop- 
ment. Terminal claw blunt and short. P1 31 mm length, 
39 segments, slender, non-genital pinnule. P2 slightly  
stouter than P1, 34 mm in length, 40 segments. P3, similar  
to P2, 36 mm in length 44 segments. The entire body parts 
solid and non-flexible, even the pinnules or cirrus. The 
axillaries nearest to arms very stout, solid, and strong; 
the terminal parts of arms becoming slender. IBr1 longish 
rectangular shape. IBr2

 (axillaries) broadly pentagonal, 
low height, and almost triangular. Syzygies occurring 
between the brachial 3+4, 8+9, and 13+14. The spec-
imen was collected in Tongyeong; 10 arms, robust, and 
longish. Large stout body. All arms were broken and some 
regenerated, with a length of 210 mm. Centrodorsal width 
13 mm height 6 mm. Dorsal pole 5 mm in diameter. Cir-
rus sockets arranged in three irregular rows. Cirrus ⅩLⅢ, 
33-41 segments, 35-53 mm long and stout, smoothly 
curved. In cirrus segments, no opposing spines or dor-
sal spines. Terminal claws short and curved, and blunt 
never sharp. P1 33 mm in length, 39 segments, slender, 
and non-genital part. P2, 36 mm in length, 35 segments, 
slightly stouter than P1. P3, 38 mm in length, 37 segments, 
similar to P2. IBr1 longish oblong shape. IBr2

 (axillaries), 
similar with triangle-like pentagons with edges against 
adjacent axillaries, very short. Syzygies shown in 3+4 
and usually 8+9.
Size. Arms = 310 mm (Busan) and 210 mm (Tongyeong). 
Centrodorsal = 12 mm (Busan) and 13 mm (Tongyeong). 
Cirrus = 50 mm (Busan) and 53 mm (Tongyeong).
Color. Body yellowish dark brown in 95% ethanol, re-
generated parts bright yellow.
Distribution. Korea (Korea Strait), Japan (Sagami Bay, 
Ogasawara Is), China, Hong Kong.
Remarks. The large crinoids, T. macrodiscus and T. afra, 
are confused in species-level classification because of 
their similar morphological characteristics. When Ante-
don macrodiscus was first recorded (Hara, 1895), it was 
regarded as a unique species separated from A. afra at the 
species level. Hara (1895) only confused the specimens 
with Amphimetra miberti accepted as Amphimetra tessel-
late because of their morphological similarities, such as 
pinnules, brachials, and intersyzygial interval. The spec-
imens are distinguished by the number of cirri and the 
presence/absence of spines on cirrus segments. After the 
establishment of Tropiometra, A. macrodiscus was syn-
onymized into T. macrodiscus. Tropimetra macrodiscus 
specimens from the Sagami Bay in Japan were reported 
in April 1908, and these were identified as T. afra depend-
ing on the ambiguous morphological differences with 
the specimens collected in Australia (Clark, 1908). Clark 
placed T. macrodiscus under the synonymy of T. afra, and 
reported the specimen collected in the Korea Strait as T. 
afra (Clark, 1947). Gislén (1922) recognized the difference 
between the two species, but suggested that the several  
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Fig. 1. Tropiometra macrodiscus (Hara, 1895). (A) Lateral view; (B) Oral view; (C) Aboral view; (D) centrodorsal, axillaries; (E) pinnules; (F) 
cirrus. AX, axillaries; C, centrodorsal; CS, cirrus socket; RA, regenerated arm; GN, gonad. Scale bars = 10 mm.

A

B C

D E

F
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different features could be considered as variations that may 
be due to the intervening territory. At present, T. macro- 
discus and T. afra are understood to be different species 
with extremely different distribution ranges. However, 
T. macrodiscus specimens from the Sagami Bay report-
ed in Hara (1895) have stouter and larger forms than the 
specimens recorded as T. afra, and have longer and more 
numerous cirrus segments. These morphological differ-
ences according to the distribution range were empha- 
sized as the basis for the species-level classification, and 
these differences were identified as the main classification 
keys for the current Tropiometra classification.

We compared our specimen with previous descriptions 
of T. macrodiscus and T. afra. Our specimens clearly  
showed differences from T. afra described by Clark (1947)  
in characteristics that are the key to the morphological 
classification of crinoids: 1) long cirrus and arms, 2) more  
numerous cirrus segments and cirrus quantity, 3) pen-
tagon-shaped axillaries, and 4) no opposing spines on 
cirrus. In addition, our specimen differs slightly from T. 
macrodiscus described by Clark (1947), whereas it was in 
accordance with the description of T. macrodiscus Gislén 

(1922). Furthermore, the collection sites of the specimens 
we have were included in the Korean Strait known as the 
distribution range of T. macrodiscus (from Hong Kong 
northward to the Korean Strait and eastward to the Sagami  
Bay, Japan, and the Bonin Islands), distinct from the dis-
tribution range of T. afra (Philippines and southward to 
Bowen, Queensland, and to Fremantle and Geraldton, 
Western Australia). In the description of T. macrodiscus  

Clark (1947), the specimens from the Korean Strait showed  
that the length of the arms was not longer and the number  
of cirri was less than that of the other specimens. Our 
specimens were similar to specimens from China and  
Japan. Therefore, we presumed that our specimens were 
mature in accordance with obviously long arms and nu-
merous cirri, and we concluded that the T. macrodiscus 
specimens of Clark (1947) are possibly immature speci-
mens, i.e., the length of the arm is shorter than that of our 
specimens and the slightly fewer number of cirri.

In the phylogenetic analysis, 15 COI sequences from 
nine crinoids belonging to the family Tropiometridae 
were used for species molecular identification. Pairwise 
distances ranged from 0.0% to 26.1% within the nine 
Tropiometridae species. The intraspecific variation for 
T. macrodiscus (MT086599, MT086600 from Korea; 
JX236097 from Japan) and T. afra (GU327867 from Ja-
pan) ranged from 0.0% to 0.9% (Table 1). According to 
our molecular data, T. afra reported in Japan should be 
considered as same species, T. macrodiscus. The COI 
sequence of T. afra (GU327867 from Japan) was repor- 
ted by Rouse et al. (2013). Rouse et al. (2013) only deter- 
mined the molecular phylogeny status of extant crinoids, 
and we could not find any information on the morpholog-
ical description of the source of the sequence. The only 
additional information available in the paper is the collec-
tion site of the specimen. However, the paper was accep- 
ted on September 2012, and the corresponding author  
noticed descriptive notes by personal communication for 
T. afra macrodiscus in World Register of Marine Spe-

Fig. 2. Neighbor joining tree of the aligned 449 bp partial COI sequences for two Tropiometra macrodiscus and 13 crinoids obtained from 
GenBank. GenBank accession numbers of the species are provided. Bootstrap resampling values were supported at ≥70. Scale bar rep-
resents the genetic distance. 
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cies (Worms, https://www.marinespecies.org/) that the 
two subspecies, T. afra afra and T. afra macrodiscus, are 
distinct enough to separate species based on molecular 
data on 6 June 2013 (Unpublished data, accessed on 4 
November 2021). Moreover, Clark (1947) recorded that 
the significant classification key for T. afra distributed 
in Philippines and Australia, and T. macrodiscus distrib-
uted in Hong Kong, China, and Japan is the distribution 
range. Therefore, some questions remain regarding the 
specimens used in Rouse et al. (2013). The specimen 
collection site location belongs to the distribution range 
of T. macrodiscus, and it makes us to consider that their 
specimen might be T. macrodiscus, not T. afra.

The COI sequences of 657 bp obtained in this study 
were registered in the NCBI GenBank database (https://
www.ncbi.nlm.nih.gov/) under accession numbers 
MT086599 (Busan) and MT086600 (Tongyeong). Our 
results will be useful for examining the molecular phylo-
genetic relationships of crinoids and establishing genetic 
differences between T. macrodiscus and T. afra in the  
future.
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