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ABSTRACT

Two specimens (1770~1850 mm disc width) of Mobula thurstoni, belonging to the

family Myliobatidae, order Myliobatiformes, were first collected from the central coast of the Southern
Sea of Korea in September 2018. This species is characterized by an anterior margin of disc with
double curvature, a white-tipped dorsal fin, and the absence of a caudal spine. This species is
morphologically similar to Mobula kuhlii, but has an anterior margin of pectoral fins with a double
curvature and the dorsal coloration is bluish black rather than white. In addition, M. thurstoni was well
distinguished from M. kuhlii as determined by mitochondrial DNA 16S rRNA sequences with genetic
distances ranging from 0.030 to 0.069. The Korean name ‘Mae-kkeun-kko-li-jwi-ga-o-li’ is proposed

for the species M. thurstoni.
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INTRODUCTION

The family Myliobatidae belong to order Myliobatifor-
mes, is comprised of 40 species and seven genera world-
wide, 10 species and 6 genera in Japan, and 3 species and
3 genera in Korea (Nakabo, 2013; Nelson et al., 2016;
MABIK, 2020). The Korean species are Aetobatus flagel-
lum (Bloch and Schneider, 1801), Myliobatis tobijei Blee-
ker, 1854, Mobula japanica (Miiller and Henle, 1841).
They are distributed across tropical and temperate regions
found both on continental and insular shelves, and offshore
(Nelson et al., 2016), and their body consist of a rhomboi-
dal disc that is wider than it is long with the head elevated
above the disc and the eye and spiracles placed laterally on
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the head. They also have a whip-like tail that is thin and lon-
ger than the overall length of the disc (Nelson et al., 2016).
The family Mobulidae includes two genera, Manta Ban-
croft, 1829 and Mobula. These genera are separated by the
position of the mouth, which is located ventrally in Mobula
and terminally in Manta (Townsend and Kyne, 2010).
The genus Mobula is characterized by a pair of cephalic
fins in front of the head that assist in feeding activities.

In the present study, two specimens of Mobula thurstoni
were collected near Yeosu, Korea in 11 September 2018.
Herein, we describe the morphological characteristics of
these samples and add Mobula thurstoni to the list of Kor-
ean fish fauna.

MATERIALS AND METHODS

Two Mobula thurstoni specimens were collected by set
net from the coast of Yeondo (34°26'4.91"N 127°49'17.09"
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E), Yeosu, Korea, in 11 September 2018. Counting, mea-
suring, and identification procedures followed those of
Notarbartolo-di-Sciara (1987). Each body part was mea-
sured to the nearest 0.1 mm using digital Vernier calipers.
All proportional measurements are expressed as percentage
(%) of disc width (DW, mm). The specimens were deposi-
ted at the Marine Biodiversity Institute of Korea (MABIK).

To compare molecular data, total genomic DNA was ext-
racted from muscle tissue using 10% Chelex resin (Bio-
Rad, Hercules, CA) and a polymerase chain reaction (PCR)
was then performed for mitochondrial DNA 16S ribosomal
RNA sequence (16S rRNA) using an MJ Mini Thermal
Cycler PTC-1148 (Bio-Rad) in mixtures consisting of 1 pL.
of genomic DNA, 2 pL of 10 PCR buffer, 1.6 pL of 2.5
mM dNTPs, 0.5 uL. of each primer, 0.1 pL. of TaKaRa EX-
Taq polymerase (TaKaRa Bio Inc., Kyoto, Japan), and dis-
tilled water to bring the final volume to 20 uL. PCR pro-
ducts were amplified using universal primers: 16SAR-L
(5'-CGC CTG TTT ATC AAA AAC AT-3') and 16SBR-H
(5'-CCG GTC TGA ACT CAG ATC ACG T-3') designed
by (Ivanova et al., 2007). The PCR profile consisted of
initial denaturation at 95°C for 5 minutes, followed by 35
cycles of denaturation at 95°C for 1 minute, annealing at
50°C, extension at 72°C for 1 minute, and a final exten-
sion at 72°C for 5 minutes. The PCR products were puri-
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fied using a Davinch™ PCR Purification Kit (Davinch-K
Co., Ltd., Seoul, Korea). The DNA was sequenced with an
Applied Biosystems ABI 3730XL sequencer (Applied Bio-
systems, Foster City, CA) using an ABI PRISM BigDye™
Terminator Cycle Sequencing Ready Reaction Kit v3.1
(Applied Biosystems). We compared our molecular data
with those of the mtDNA 16S rRNA sequences from other
Mobula species obtained from the National Center for Bio-
technology Information. Sequences were aligned using
ClustalW (Thompson et al., 1994) in BioEdit, version 7
(Hall, 1999). The genetic divergences were calculated using
the Kimura 2-parameter (K2P) (Kimura, 1980) model with
Mega 6 (Tamura et al., 2013). Phylogenetic trees were con-
structed using the neighbor-joining method (Saitou and Nei,
1987) in Mega 6 (Tamura et al., 2013), with confidence
assessed based on 1000 bootstrap replications.

RESULTS AND DISCUSSION

Mobula thurstoni (Lloyd, 1908)
(New Korean name: Mae-kkeun-kko-li-jwi-ga-o-li)
(Figs. 1, 2; Table 1)
Dicerobatis thurstoni Lloyd, 1908: 179 (type locality:
India).

Fig. 1. A, Mobula thurstoni; MABIK SQ002885, 1850 mm disc width; B, MABIK SQ002886, 1770 mm DW. A, B, dorsal views; A’, B', ventral

views.
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Fig. 2. Mobula thurstoni, MABIK SQ002885 (1850 mm disc width); A, Ventral view of head; B, Dorsal view of dorsal fin (caudal fin cutting

state); C, Inside view of cephalic fin; D, Outside view of cephalic fin.

Mobula lucasana Beebe and Tee-Van, 1938: 299 (type
locality: San Lucas Bay, Baja California, Mexico).

Mobula thurstoni: Notarbartolo-di-Sciara, 1987: 36 (India);
Allen and Robertson, 1994: 37 (eastern Pacific); Randall,
1995: 51 (Oman); Thomson et al., 2000: 284 (Gulf of
California); Ehemann et al., 2018: 27 (Mexico); Zajonz
et al., 2019: 61 (Yemen); Psomadakis et al., 2020: 216
(Myanmar).

Material examined. MABIK SQ002885, MABIK
SQ002886, two specimens, 1770~1850 DW, collected by
set net, coast of Yeondo, Yeosu, Korea (34°26'4.91"N 127°
49'17.09"E), September 2018.

Description. Measurements are shown in Table 1. Primary
shape broad rhomboidal, wing-like disc, with disc much
wider than long. Disc thick towards center and thinner
towards edges with head protruding in front of disc. Mouth
very broad and located ventrally. Eye and spiracles on both
sides (Fig. 2A). Spiracle openings small and located below
pectoral fin base. Teeth bands present on both jaws. A pair
of nostrils located in front of mouth and can be identified
by a very small hole. The nostrils located between corners
of the mouth and rostrum. One pair of cephalic fins, rela-
tively short and curled outward, extend about 45 degrees
down and forward from anterior margin of disc with double

curvature. Dorsal fin small and a white-tip (Fig. 2B). Tail
whip-like, thin, long, soft, and begins behind dorsal fin.
Length of tail shorter than disc width. Caudal spine com-
pletely absent and skin entirely smooth.

Coloration. Dark blue to black above, dorsal cephalic fins
and pectoral fins tips light gray (Fig. 1). Light gray straight
line along spine to tip of dorsal fin running down middle
of body behind the head. Light gray from back of head to
middle of body to dorsal fin. Dorsal fin with distinct white
tip. Ventral surface mostly white and shiny silver color that
stretches from middle of disc to end of pectoral fin. Dark
blue in front of middle part of pectoral fins and a light gray
color around mouth. Inside of the cephalic fins light gray
white the outside white (Fig. 2C, D). Tip of rostrum dark
blue. Tip of the pelvic fins blue color.

Distribution. Yeosu, Korea (present study), Japan (Naka-
bo, 2013), Indonesia (White et al., 2006; Mukharror et al.,
2018), Philippines (Bessey et al., 2019), Mexico (Campbell
and Beveridge, 2006; Santillan-Lugo et al., 2017), Cape
Verde (Ratdo et al., 2017), Arabian Sea (Di Sciara et al.,
2017), Andaman Sea (Shirke et al., 2017), Atlantic Ocean
(Mas et al., 2015).

Remarks. The two specimens examined in this study
belong to the Mobulinae as the disc is much wider than
its length as well as the head protruding in front of the disc,
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Table 1. Morphometric measurements of the smoothtail mobula, Mobula thurstoni in comparison with previous records

Present specimens Lloyd, 1908 Mas et al., 2015 Shirke et al., 2017
Measurements
%WD %WD % WD %WD %WD

Disc width (mm) 1850 1770 1600 955 624
% of disc width
Disc length 514 49.7 45.6 48.0 51.0
Eye diameter 2.6 2.3 - - 22
Orbit height 23 2.0 - 1.5 24
Between antorbitals 17.6 17.6 - 16.5 212
Pre-orbital length 8.0 7.8 - 8.4 79
Spiracle length 1.0 1.0 - 0.1 0.1
Interspiracle distance 16.8 17.2 - 159 169
Tip of cephalic fin to spiracle 122 12.4 - 13.0 13.1
Mouth width 11.2 11.0 - 11.1 112
Upper toothband length 8.6 8.2 - 8.8 83
Lower toothband length 8.8 8.4 - 9.1 9.0
Preoral length 42 4.0 - 3.6 43
Tip of cephalic fin to mouth 11.0 10.7 - 11.6 114
Internarial distance 10.3 99 10.0 10.8 9.7
Anterior projection 35.7 36.7 - 33.8 34.6
Cephalic fin length 11.1 109 - - 12.1
Cephalic fin width 64 5.8 - - 4.6
Clasper length (left) 72 6.8 - - -
Clasper length (right) 84 8.8 - - -
Head length 13.3 11.9 - - 17.8
Ist gill slit length 50 4.7 - 5.1 49
2nd gill slit length 5.1 4.2 - 50 5.0
3rd gill slit length 53 4.1 - 54 5.1
4th gill slit length 49 43 - 50 5.1
5th gill slit length 3.6 32 - 32 37
Between Ist gill slit 11.7 11.1 - 11.7 11.5
Between 2nd gill slit 10.5 10.2 - 10.8 44
Between 3rd gill slit 92 85 - 9.0 93
Between 4th gill slit 6.9 6.5 - 6.8 7.5
Between 5th gill slit 4.8 4.5 - 50 5.1
Rostrum to pelvic fin 519 514 - 49.7 510
Rostrum to Ist gill slit 119 10.8 - - 184
Rostrum to 2nd gill slit 14.2 135 - - 10.3
Rostrum to 5th gill slit 22.7 212 - - 304
Pre-dorsal length 427 424 - - 43.1
Pre-cloacal length 432 415 - - 433
Dorsal fin base 5.7 52 - - 63
Dorsal fin height 4.1 3.6 - - 43
Pelvic fin length 10.2 9.8 - - 5.8
Tail length - 71.8 33.1 - 65.1
eyes and spiracles on both sides, and one pair of cepha- ched the original description of Mobula thurstoni (Lloyd,
lic fins (Nelson et al., 2016). They also are in the genus 1908) well as follows; anterior margin of disc with double
Mobula by having the position of the mouth located under curvature, caudal spine absent, dorsal fin with white tip,

the head (Yamaguchi et al., 2013). Additionally, they mat- dorsal coloration bluish black (Shirke ef al., 2017; White
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91 | Mobula thurstoni (KX151650)

99 | Mobula thurstoni (MABIK SQ002885)
- Mobula kuhlii (KX151651)

Mobula munkiana (KX151645)

L
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Fig. 3. A neighbor-joining tree based on partial mtDNA 16S rRNA region using Mobula thurstoni (MABIK SQ002885) and other species of
Mobula. Numbers at branches indicate bootstrap probabilities in 1,000 bootstrap replications. Scale bar equals 0.005 of Tamura and Nei’s dis-

tance (1993) with K2 parameter model.

et al., 2018). According to the original description of this
species, the length of tail is as short as 33.1% of the disc
width, whereas the present specimens showed a difference
in the tail length (71.8%, Table. 1). The spiracle length of
the specimens was also longer (1.0% DW) than the record-
ed spiracle length (0.1% DW in Shirke et al., 2017). In
addition, these specimens were shorter (11.9~13.3% DW)
than the recorded head length (17.8% DW in Shirke et al.,
2017). Such morphological differences require further
study of geographic variation. Nevertheless, these speci-
mens were consistent with M. thurstoni in primary fea-
tures, including spiracles opening below the pectoral fin
base, no spine behind dorsal fin, an anterior margin of disc
with double curvature, and the dorsal side of the disc was
dark brown (Lloyd, 1908; Shirke et al., 2017; White et al.,
2018).

M. thurstoni is most similar to M. kuhlii in external
shape (Miiller and Henle, 1841), but differs in the shape
of the anterior margin of the pectoral fins (with a double
curvature for M. thurstoni vs. straight or slightly convex
for M. kuhlii) and disc color of the dorsal side (bluish
black vs. greyish brown) (White et al., 2018). A single
species of M. japanica has been known from the Korean
waters to date, and the second species of the genus from
Korea, M. thurstoni, is easily distinguished from the former
by the presence of a caudal spine and by tail length (33.1~
71.8% of WD for M. thurstoni vs. 120~171.6% of WD for
M. japanica) (Paulin et al., 1982; Shirke et al., 2017). In
addition, our specimens also corresponded well with M.
thurstoni and fell as sister to M. kuhlii (99% bootstrap sup-
port) compared by mitochondrial DNA 16S rRNA sequen-
ces (Fig. 3). M. thurstoni was well distinguished from M.
kuhlii and also well separated from other congeners by gene-
tic distances (d) ranging from 0.030 to 0.069. We propose
the new Korean name, ‘Mae-kkeun-kko-li-jwi-ga-o-1i’, for
M. thurstoni because the common name of this species is
‘smoothtail mobula’.
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o : mrte & ujrtegdte) &£3= Mobula thurstoni 2704 (1770~1850 mm A¥HZ)7F 2018 9¢¥ A}
HE oAl A AolA AR om JHESG o] T2 7HEA=n] 9 $REo| o]F FFo|xL, A =g H|
HE2 F| 3g] AJFRE ZRA7L glom, SR =] ER R = AMolu, Jg|u FE£9 A|Mo] oFL FAS
4t} Mobula kuhlii®t 7V FE|A 2 GARIIARE, 7hEA =8u] HRE o]F 242 7 Aok A (vs.
A Kol ALY e F4E 7HKthit 5F AMo] o] Fg FAE Wk X (vs. IZA) oA & FLEHT} ET, ©]
T2 M. kuhlii®} 7| EZE2|o} 16S IRNA FGolA F424 A 0.030~0.0699] Zto|& Ho| LEE ST o] F9
A2 FPo= wjEnaH{rtee & Aeket.
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