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Morphological and genetic characteristics of Korean seahorse Hippocampus haema

(Teleostei, Syngnathidae) collected from the Pacific Ocean side of Japanese
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Abstract

Hippocampus haema Han, Kim, Kai & Senou 2017 has been found along the coast of the Sea
of Japan from Akita Prefecture to Yamaguchi Prefecture in Honshu, the Yatsushiro Sea in Kyushu,
and the southern coast of the Korean Peninsula. However, there were no records of this species
from the Pacific side of the Japanese Archipelago, with the exception of an example of a partial
mitochondrial DNA sequence recently deposited in the DNA data bank. We collected a seahorse
specimen from the seagrass bed at Koyadori Fishing Port in Onagawa Town, Miyagi Prefecture,
on the Pacific Ocean side on 29 August 2022. Based on morphological characteristics and
mitochondrial DNA analysis, this specimen was identified as H. haema. This study provided
detailed morphological information and the DNA sequences of the specimen and compared them
with previous morphological and DNA data on H. haema and the related species. The values for
the 16 morphological characters examined were within the range of previously reported values
for H. haema, except for the coronet height from the mid-point of the cleithral ring (CHMC).
Small but substantial number of nucleotide substitutions were found between this specimen and
previously reported H. haema in Japan, and phylogenetic analysis showed that this specimen
belonged to the Korean clade.

Key words: Syngnathidae; Hippocampus haema; Onagawa; Pacific Ocean; seagrass bed;
mitochondrial DNA; morphology; DNA sequences
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FEEE) H. coronus & . THREBRRLRE LS TYED

3 v Y7 4%l Syngnathidae D ¥ > /) A ¥
=& Hippocampus Rafinesque, 1810 Z H AN 5
11 fES R STV % (JRE 2013; Han et al.
2017; Short et al. 2018; Motomura and Uehara
2020), TNBbDHH, XY /A M H
coronatus, /1% H. sindonis, & A% H.
haema @ 3 FEX, 2> TILH—FE H. coronatus
EZEZ BTN (Z4 1956; Fi 1984)
TEHEAE L@ TYRARW (KD 1/2.33

B (BHE O 1/3 #EE) H. sindosis O 2 fi &4
5 HLf#E (Jordan and Snyder 1901; [ « faJ5
1938; #4 J5 1955; Lourie et al. 1999; f fE
2000; Lourie et al. 2004; HHEAE 2013) HH Y .
SFRFRINCEAT T REL L Tz, MG
(2000) 1%, X h=2> KU 7 DNA (mtDNA)
DOYFERHI AT LY | FIBEICAR T 59
e H. coronus \ZTEFED B & *HS L Bix
HINCH2 D 2 BNFET 5 2 L 2 WE L,
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Hanetal. (2017) I%. HASIE & i 5D H.
coronus FEARIZOWT | FEMI7ZRTZREIZE O bLiik
& mtDNA DOHEIEEELHI AT 21TV, 16k H.
coronatus & I TV 7 N—T O EEFE
PEST DI L a8 LTy Y /A P FH,
coronatus £ /~F % H. sindosis % FR0# L .
TG EITBEIC S TEREIC b iB FTRE 72
b X % H haema Han, Kim, Kai & Senou 2017
Z ARSI & g0 O & L TR L
Too ZOWHIZE D B A X VITHART 116 4
S0 (CHE) (SRS SNy S A b
TFEMF L o T,

EAZYVIE, ZY A N TITHATIHEE
PMENZ & NFE VIR WIS o3
Wiz A9 % Z & Tkl S 41 (Hanetal. 2017)
HAZIE (BKEERE2 6 LA RIZE D H AR
Fr & \AE) &R B (R FS L OVFE BRCER)
MHFLERS LTS (Han et al. 2017; 4%
2019; =I5 20205 HfE 5 2022), %72, Han
etal. (2017) |Z, mtDNA @ k7 @ —2A b (Cyt
b) FEIIZ IV T H ARSI & -5 OFEA
BRD 7 V—REERT 52 L a2t L,
H AB 55 D KSR D> B IIARFR O FRER D 72 D>
ST 2017 9 AT E SRR KU T R AT

VIR HEREE SN2 ATED mtDNA @ 128
rRNA (12S) ®4fK & tRNA-Val 3L 16S
rRNA (16S) O—H# DAL (B 1060 bp:
LC385100) 7% 2022 4% 12 A 21 Hf} T DNA 5
— BN TR STz, LinL, Cyth O
FBAMERD 72 To D, HARSIE & s
DELLDI L— RIZBT5DONIAHTH
Slz, FBEH DI, 2022 45 8 A 29 HIZHEIRIR
R 2B/ SR IEREN O T ~ 506 &
VA NI EERERE L, REN
RF72 5 ONZ mtDNA O FEESIN G, 2O
BARZE A XY LFEE L, KL Ti, [[
FEARDFEAM 72T HETEE DO1E ) & mtDNA O 16S,
12S, = L C Cyth OHEREFNZFLHEH L. 1
FTICHE SN A2 LIEREOREZ:
HNZDNA 7 —# L Ol #1772,

MELE ik
BEMA L REFIE
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7= (Fig. 1), Z OifadNIIE, ki RO
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Fig. 1. Geographic location of Koyadori Fishing Port and the localities where Hippocampus haema
distribution has been reported previously.
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TS (K 440m?) BRI NTED EED
X2 07 7 EFITB O T HEARREE O FEE
AR A HAgE LT 2022 4E 5 A 2B IEHIN
IZEREZAT - TV D, AAFFEICB T D EAR I,
ZO—E L U CHE8 A 29 HIZHEN L7,
BLAR IR IR i o FOBE R AR P M P A (e
W B3 2mx B3 1m BT Wlmx &
S Imx IE 2m; @ (FAmr Ay
=): HEW L4mm] (1 UV HD) 2 Hnie,
PRAE U - T A IOk S U CHFZE S (S i il
L. -20°C T—HrmliRfr L7z, £D#%, it
BEHOEEAZT X NH AT (OLYMPUS
OM-D EM-1 MarkIll) THf LT, 99.5 %=
& ) —/)VCREE LT,

Vi

TERBIZE DWW TR AR R (SL) Z 5+
L72%. Hanetal. (2017) {Z%t> T 10 #¥E0B
B L& 6RHHIEE 2 FH*72 (Tablel), ZHHD
JEE D5 b, SL, TaR, HL, CHGO, CHMC,
SnL, ED. TrL, TaL 2>\ Tl HEASKE
R L 7= Risk 5 H % IV T Image] (Rasband
1997-2012) (IZ KV EHAIL 72, hOBEIZDOW
Tk, EERFEMSE (OLYMPUS SZX16) 3L
A WEEREE (OLYMPUS DP26) % V>, Mg
fight >~ 7 ~ v =7 (OLYMPUS CellSens) (T &
DEEEB L ORI E T2, 2hb 16 TEE O
EIZ DWW T, Hanetal. (2017) 23572 5 ONC
SIHLTWDEAZY  ZY ) F 3,
T OfE L g LT,

DNA 4347

FEAR D RER T W 2 508 & LQuickGene DNA
tissue kit S & Mini80 (&5 5 H KURABO) (2 &
Y DNARHI %47 o 7=, L v MCIRAF S
NTWb~=aT7 Wit o7-, i Ehiz
DNAZT > 7L — k& L, mtDNA®DCyt b,
128, 16SIZ 2T, I EN D5y s &
PCRIEIZ X 0 #3iE L 72, PCREUGHR DRI
JHHDNA 1.0 L, 10 x Buffer (TOYOBO) 1.25

puL. dNTPMixture (TOYOBO) 1.25uL., 77
A ~— (50 uM) #4-0.25 uL. Blend Taq-Plus
(TOYOBO) 0.125uL & L, &M 13ul & 72
HEDITHEMKEMA T, &7 T4 ~—DH
R BLH ¥ K OYPCR O i 55 74 13X Han et al.
(2017) IZfE 7=, PCRIE TH#, 1 %7 W —
ZFESRIKENT X0 HHWE AT & e oD T %
FAE T i 22 AMPURE XP  (Bechman Coulter)
EROVCTERL, A 7L —F7 v ARSI
it L7z, A 7 vy —4 v ARG IEBigDye
Terminator Sequencing Standard Kit ver. 3.1 (Life
Technologies) % MV, SUSHROALAL & 1L 5
72 b N RIS ORRITIR T O~ =27
JVZHE S To, K584 | 3500 XL Genetic Analyzer
(Life Technologies) IZ LV ¥ ¥ 57 U —&EX
VKB 24T > THEERA 2R E LT, IRIE LT
HFERCAIZ, Hanetal. (2017;2018) 234 L
7o A2 Y OEF (Cyt b: KP744863—
KP744882; 16S: KP744883-KP744902; 12S:
KP744903-KP744922) LIt L7z, o7z
ODOT TA AL MIIIMEGAX (Kumar et al.
2018) |Z& F£41 5 ClustalW (Thompson et al.
1994) &Mz, £/, Zb OHFRERSIR
L UtHanetal. (2017;2018) (2L 2% /A b
3 H. coronatus (Cyt b: KT167545-KT167548;
16S: KT167549-KT167552; 12S: KT167553—
KT167556) . 7~} % H. sindonis (Cyt b:
KT167539-KT167540; 16S: KT167541-
KT167542;12S: KT167543-KT167544) &, {th
DWFIEE DHREIC L B> 2% H mohnikei
(KT780446) (Zhangetal.2015a), 7 12w <
7 < H. kuda (AP005985) (Kawahara et al. 2008) |
H. reidi (KJ123692) (Wang et al. 2016). H. ingens
(KF680453) (Zhangetal. 2015b) ¥ FLE%1
BLOT U N A= L Toayvot
Syngnathus schlegeliD ¥z F5Fi 51 (AP012318)
(Songetal. 2014) % & CT3HE D HRALS
it L7y FRmuMe 2 /R L7z, K2PHEdE
E#LET /L (Kimura 1980) (2 X 2 fc %1 ERE
DFHE 7 b NI BERE & 15 (Saitou and Nei
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1987) 1T & % R OHEEIZIIMEGA X

(Kumar etal. 2018) % /=, HBIL7=Z7 L
— R OFAIEFENEIL1000E] D 7 — F 2 K
T AT & - TR L 7=,

Fig. 2. Hippocampus haema (specimen: KOY-0341)
collected from Koyadori Fishing Port on 29 August
2022.

e

TERBHY AR

THAEEA (KOY-0341: Fig. 2) (BT 5FHE
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M BBLONFEZYEXBTLEETHD
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FRIZWS #F L TEY, CHGO iINTF# > &
RIRETHXY A b ITLD HEBLNINE
Mol Z Einh, ZOfERITe A2 LIEE
SNz, O REE O H Hanetal. (2017)
DOFLH L2t A XY DEOFPHANIZIL £ - 7=
2, BARICKT DEHE P A i s LT
THEO B S OFE (CHMC) 13X 62.3 % & Han

etal. (2017) PA/RUT72ME (34.1-54.6 %) £V
HbREDoTz, 2B, EARAOMEREIZ S\ TIX
RHFTH -7,

DNA 3%
Boiize A2 VA (KOY-0341) @ Cyt
b (746 bp: LC750326) . 16S (551 bp: LC750327) .
12S (694 bp: LC750328) DX ELRLAINZDUVT,
Hanetal. (2017) (2K D HA (Z#E) Lug[E
(Bunsan, Soan Island, Boseong., Tongyong)
DIEARDOHEFEF (Cytb: 702 bp; 16S: 551 bp;
128: 694 bp) L IZT T A > A2 b LCHEE
L7-#E R % Table 2 12”7, HEARRKTHRS
L. 16S L 12S TIXENENI A M E 2
A P CHEBHBENAE T TOER, EARTK
TIEWVIREO b oo Tz, —F, Cyth T
1310 ¥ b THRAEEHSE LT TEB Y, KOY-
0341 EFEED 12 #EARD B OHIEE LT 0
F721E 1 T K2P fEEE (CE%fE + SD) A3
0.035 £ 0.062 % ThH-o7=DIZHk L, HAD 8
PEA L OO EREIT 3-5 8T K2P IE
BEAY 0.521 £ 0.100 % & 72 o7z, 728, KOY-
0341 & DNA 7 — X XU 7 IZ8 GRS LTz
BRI SKAIE TR STV R O v A &V HE
ARIZHT 5 128 OEEREF (LC385100) DfH
WX ZEREDFBO bV~ 72, KOY-0341 &
Hanetal. (2017) @b A Z YV IERR L OO
L2 ) A N AR AT 5 3 fEik O
BB T — & Z kA U CUERR L7243 1 R st
% Fig. 3R T, B AXY BV )4 hv T,
NFEYDERIZENENENT — A K
Ty ME (99%) THFFShD 7 L— R&jE
L7, B A X VIEARD H B Hanetal. (2017)
ORE LIciE & A AROIERIZ, ThZEh
92 %L 44 %DT— A~ T v FETHAEID
HEAMZIER L, AMEEATH 5 KOY-
0341 [IFEE D 7 L— RIZE F47z, 723, Cyt
b DHEIEFLH T — 5 D I THERK L7253 1%k
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2 ) F v A RAEICB T D RO
HEHIRNZ DN TIX, R LR IREEH
T5HZ LKLY ATRE L 72 5, Choietal. (2006)
1. #Y A kv aFERE (sensulato) O JREMEE
O/ MERERE (SL) 1% 53.9mm & #A LT
BY ., RFEETEARD SL 1% 31.3 mm & /I
ST T OITHEZ BT E 2o T v HEE DN &
W, ARFFE TR 16 IBEERE D 5 b BEE
R DA PR A R & L2 THRE O R
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Fig. 3. Neighbor-joining tree showing the relationships among species of Hippocampus including H. hamae
collected from Koyadori Fishing Port (specimen: KOY-0341) based on mtDNA sequences. This tree was
constructed using sequences concatenated the three gene regions (Cyt b: 699 bp, 16S: 556 bp, and 12S: 661
bp) as partitions. Numbers near nodes indicate probabilities the result of 1000 bootstrap replications test.

Scale bar is 2 % genetic distance.
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SOEE (CHMC) ZFir< 15 JPE OfiIZ, Han
etal. (2017) O L7zt X XY OO
WT&H > 7223, CHMC OfE T Hanetal. (2017)
DORLTEMEE Y S 50T KE Do 7=, Lourie
etal. (2004) 1%, % /A b FJREOEALK
RlofEo T L. FICH A TITTER A FL i
< R mNRH 52 & Z2HERML TW\D,
KIEFEARNT N O RLBMEE T D - 72728
22D XD ZRENHAE T TV D AR E,
Han et al. (2017) [ZHA ORHTEESPE)
EEE (MR L OFREE) O A XY D
AT mtDNA DRFEAFERY | AT HAS
B & R R OO [ CIRABAYIC A0 LTV B AT
HEME A 7RI L7z, Hanetal. (2017) 23 AR5
ZHRTCHARBNEG O e A Z Y FEARI TS PE D
BT, BARFIEGDO e A &Y O IR 2R
LTWD EEFFEVEY, L, NEEGARE
TEREE S NI ATRAAREA O Hg F B4 78 5
D7 L— RIZE LTz 2 & IFBEBRIEORER T
bbH, 2V A M IARBOMMITIEFKIZZ
L, ZOBHARBIIBO LA ADETSE
WNTZRENEZ Y, HADRETIET 57
D, WL THBENIENEEZEZBND, L
2 L AT O HERRY 53 AT DERFHS® DNA ~—7
— % AW SRS AR, O FE £ 7o 13 FE
FEIC R BN DFEI M Z — 2 DIRITIC LD |
RHRBE 2 Z BB L T D 2 EAVRIE X
LTV 5 (Teske et al. 2005, 2007; Lourie et al.
2005; Woodall et al. 2011; Boehm et al. 2013; Li et
al. 2021), ZE WO EERNE LTEZ LN
TWD DX, MADRBEZERY (RALEECUE
EZHRR L) ITBEHOT, ZOERWICAaK
REE L FWRICE > Tk ESnhs o7
TA4TTHY, BEOZY A IR
HCEBICHEZEIN TS (Powell 2000;
Kanou and Kohno 2001; Vandendriessche et al.
2006; Luzzatto et al. 2013,2014) , X FEEEFRIIE
BoWEz@o TARNELZIL BT 508, £0
—EITEEE RN R E LB, AL A
9% (Yabe et al. 2021), Hifith, AEDO—

T HRAR T & 72 o AR & = Rl 71T
BoTH FL., ZNEE2E0REROEICE
ALTWNDZ EIRIBEINTND (Abe et al.
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