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Abstract

The big-belly seahorse, Hippocampus abdominalis has been known to be limitedly
distributed in the temperate seas of Australia and New Zealand. However, a single
individual (197.14 mm in total length) of big-belly seahorse was collected using a fish
trap from Pohang, Gyeongsangbuk-do, Republic of Korea on August 5, 2023. This
is the first record of occurrence of the big-belly seahorse in the wild of Korea. We
compared our single wild-captured individual with two aquarium-reared big-belly
seahorse individuals from Jeju Island, using morphological and molecular methods.
The big-belly seahorse specimens were well-matched with our wild-captured
individual in terms of the numbers of dorsal fin rays (25-26), trunk rings (12—13),
and tail rings (44—45). In addition, molecular analysis based on 609 bp of the
mtDNA COI sequences showed a perfect match of 99.8—100%. Our wild-captured
individual is likely to be escaped from the aquarium in Jeju Island and transported
to Pohang by oceanic current. This record is noteworthy in providing potential of
survival of the big-belly seahorse in the wild of Korea, suggesting that monitoring
of the population of big-belly seahorses in the wild of Korea is necessary.

Key words: non-native species, Pohang, northwestern Pacific, new discovery

Introduction

Seahorses belong to the genus Hippocampus (Syngnathiformes, Syngnathidae)
and there are 57 species worldwide (Lourie et al. 1999; WoRMS 2025).
Seahorses must be conserved due to their high commercial value and
declining populations. Dried seahorses are used as medicinal ingredients in
traditional medicine and Traditional Chinese Medicine, and live specimens
are also maintained as ornamental species in aquaria (Woods 2007; Kumaravel
et al. 2012). Furthermore, habitat destruction, overfishing, and bycatch are
increasing their extinction possibility, leading to a listing in the 2002
CITES Appendix II, and making them a globally protected species (Lourie
et al. 1999; Koldewey and Martin-Smith 2010; Cohen et al. 2017).
Collecting and importing/exporting any wild seahorse species is strictly
regulated, and only farmed seahorses are allowed for trade. Notably, the
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big-belly seahorse (Hippocampus abdominalis Lesson, 1827) has been
successfully farmed in China, Australia, and New Zealand; a success has
been achieved on Jeju Island, Korea (Hong and Zhang 2003; Woods 2007;
Shin et al. 2011). Aquaculture is essential for replacing the wild populations
and ensuring a stable fish supply. However, introduced species occasionally
escape into the wild due to aquaculture and adapt to the new environment;
these can potentially impact native organisms (De Silva et al. 2009).

The big-belly seahorse is a temperate species inhabiting waters ranging
from 8 °C to 24 °C, with a restricted distribution in Australia and New
Zealand in the southwestern Pacific Ocean (Woods 2003; Nickel and Cursons
2012). This species is primarily observed in nearshore environments such
as bays, harbors, and estuaries, where it attaches to substrates such as
seaweed (Nickel and Cursons 2012). Seahorses have limited mobility and
disperse via currents, which allows them to travel long distances during
larval stages (Woods 2000). However, H. abdominalis prefers temperate
waters and has never been reported in the Northern Hemisphere. In this
study, we report the collection of a specimen of this species at the coast of
Pohang, Korea. We provide detailed descriptions of its morphological
characteristics and molecular traits.

Materials and methods

Sampling and morphological analysis

A single seahorse individual (197.14 mm in total length) was collected
from Pohang, Gyeongsangbuk-do, Republic of Korea (36°02'31.8"N,
129°22'58.4"E, Figure 1) on August 5, 2023 using a fish trap, and two
reared big-belly seahorse individuals were provided from aquarium in Jeju
Island. Our wild-captured seahorse individual was identified as a big-belly
seahorse (Hippocampus abdominalis) following Kuiter (2001). Morphological
characteristics followed Kuiter (2001), Lourie et al. (2004), and Han et al.
(2017). Measurements were taken to 0.1 mm using a vernier caliper. A total
of 5 counts and 11 measurements were obtained. The measured values
were converted into percentages of head length (HL) and trunk length (TrL).

DNA extraction and PCR amplification

Tissues were obtained from the right side of tails. DNA extraction kit
(AccuPrep Genomic DNA Extraction Kit, Bioneer, Daejeon, Korea) was
used to extract genomic DNA. A universal primer set was used FishF2 (5'-
TCGACTAATCATAAAGATATCGGCAC-3') and FishR2 (5-ACTTCA
GGGTGACCGAAGAATCAGAA-3") by Ward et al. (2005) for analyzing
mtDNA COI sequences. A polymerase chain reaction (PCR) was performed
using a thermal cycler (Bio-rad MJ mini PCT-1148; Biorad, Hercules, CA,
USA) as follows: pre-denaturation at 95 °C for 5 m; PCR reaction 35 cycles
(denaturation at 95 °C for 30 s, annealing at 52 °C for 30 s, extension at 72 °C
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Figure 1. Sampling location of Hippocampus abdominalis from Korea. Red star (% ):collection location in Pohang, East Sea, PKU
63101; Yellow circles (®): aquarium of Jeju Island, donated specimens PKU 22876-22877. The wild-captured bigbelly seahorse
can be either transported through oceanic currents from the aquarium in Jeju Island to Pohang or derived from wild-reared

individuals from the southern waters of Korea.

for 45 s); final extension at 72 °C for 7 m. BigDye (R) Terminator v3.1 cycle
sequencing kits (Applied Biosystems, Waltham, MA, USA) of ABI PRISM
3730XL analyzer (96 capillary type) were used for sequence amplification.
The obtained sequences were submitted to the National Center for
Biotechnology Information (NCBI) and given registered numbers (PKU
63101, PP680775; PKU 22876, PP680777; PKU 22877, PP680776). The
data that support the findings of this study are openly available in NCBI at
https://www.ncbi.nlm.nih.gov. H. abdominalis (KY066104) and H. kuda
(MG816695) of the ingroup (Syngnathidae) were compared with our
specimens and Fistularia commersonii (OQ386372) belonging to the
Syngnathiformes was used as an outgroup.

Molecular analysis

The sequences were arranged and edited using Clustal W software
(Thompson et al. 1994) and BioEdit v7 (Hall 1999). A neighbor-joining
tree was constructed by MEGA 11 (Tamura et al. 2021) to compare their
genetic relationship. Genetic distances were calculated by Kimura 2-parameter
(Kimura 1980) based on 1,000 bootstraps.
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Figure 2. Photographs of Hippocampus abdominalis. A-B: wild-captured specimen from Pohang, PKU 63101; C-D: reared
specimens from the aquarium of Jeju Island, PKU 22876-22877; photos by Yu-Jin Lee.

Results

Hippocampus abdominalis Lesson, 1827
(New Korean name: keun-bae-hae-ma) (Figure 2)
Hippocampus abdominalis Lesson 1827: 127 (type locality: New Zealand); Kuiter 1993: 97 (south-

eastern Australia); Stewart 2015: 1055 (New Zealand); Lourie et al. 2016: 13 (southeast
Australia; New Zealand).

Morphological description

The collected specimen and two reared specimens were identified following
Kuiter (2001). They matched perfectly with H. abdominalis (dorsal fin rays
25-28; pectoral fin rays 15-16 [mod 15]; anal fin rays 4; subdorsal rings 3-4 +
1-2; trunk rings 12-13; tail rings 44-45). Measurements and counts are
presented in Table 1. Head length in trunk length 56.0%; dorsal fin base
length in trunk length 39.9%. Snout length in head length 39.4%; snout
depth in head length 12.5%; eye diameter in head length 15.5%; interorbital
length in head length 8.0%; postorbital length in head length 48.5%.

Body compressed; head and eyes small; eye and cheek spines prominent;
profile of snout to coronet curved; anterior coronet spine blunt; posterior
coronet triangular, low and blunt; head filaments fleshy; snout elongated;
mouth small; nape curved; abdomen profile round and deep; pectoral fin
reaching to second trunk ring; the origin of dorsal fin located 9™ trunk ring;
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Table 1. Counts and measurements of Hippocampus abdominalis.

Present study Present study

Lesson, 1827 Kuiter, 2001

PKU 63101 PKU 22876-22877
Number of specimens 1 1 — 2
Counts
Dorsal fin rays 25 26 25-28 25-26
Anal fin rays 4 - - 4
Pectoral fin rays 15 15 15-16 15
Trunk rings 13 12 12-13 13-14
Tail rings 44 47 44-45 44-45
Measurements
Total length (mm) 197.1 - 60-180 86.7-93.3
In head length (%)
Snout length 394 - 31-37 424458
Snout depth 12.5 - - 11.3-11.6
Eye diameter 15.5 - - 20.2-20.7
Interorbital length 8.0 - - 8-10.1
Post orbital length 48.5 - - 38.8-42.3
In trunk length (%)
Head length 56.0 - 62-77 49.6-50.2
Dorsal fin base length 39.9 — — 42.8-46.4

anus located at the posterior of dorsal fin; small tail tubercles present; tail
prehensile; skin filaments absent; body covered with consecutive rings and
bony plate.

Body coloration of fresh specimens

Wild-captured specimen: body dark brown; abdomen light brown or
yellow; head and body with dark spots; tail with pale white bars; dorsal fin
with black edges and yellow stripe.

Reared specimen: body yellowish-brown or light brown; body with dark
spots; dorsal fin with dark stripes; tail with white stripes.

Molecular data

In all, 606 bp of COI gene sequences were obtained after alignment. They
were well-matched with H. abdominalis isolated from Australia (KY066104).
The genetic distance with congeneric species, H. kuda (MG816695), was
15.2%. The molecular results supported our morphological analysis (Figure 3).

Discussion

The big-belly seahorse (Hippocampus abdominalis) has been known to be
endemic to Australia and New Zealand in the Southern Hemisphere
(Woods 2003), but a single big-belly seahorse individual (197.14 mm TL)
was collected off the coast of Pohang, Korea (Northern Hemisphere), using
a fish trap. Most of the morphometric characteristics of our wild-captured
big-belly seahorse closely matched the original description by Lesson
(1827), except for the number of tail rings (44 in the collected specimen vs.
47 in the original description) and the presence of anal fin rays (4 vs. none).
However, Kuiter (2001) later reported tail ring numbers of 44-45 and four
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Figure 3. A neighbor-joining tree was constructed with the 606 bp COI gene sequences. Three
specimens from Korea were well-matched with H. abdominalis from Australia (KY066104)
registered in NCBI. Bootstrap values are indicated above the branches. The scale bar indicates
the genetic distance.

anal fin rays for H. abdominalis, which well matched with our findings.
Comparisons with Kuiter (2001) revealed slight differences in snout length
and head length relative to body length: our specimen had a longer snout
(39.4 vs. 31-37) and a shorter head (56.0 vs. 6-77). In addition, reared
specimens from the aquarium of Jeju Island had morphometric traits
consistent with a wild specimen but significant differences in snout length
and head length, likely due to growth variation between young (reared)
and adult (wild) individuals.

Seahorses have minimal mobility, which limits dispersal (Woods 2000).
However, the big-belly seahorse can be transported hundreds of meters per
day as it drifts attached to seaweed for 2 to 4 weeks during the planktonic
larval stages (Woods 2000; Martin-Smith and Vincent 2005; Vincent et al.
2005). Despite this, H. abodominalis cannot move across the equator from
the Southern Hemisphere to the Northern Hemisphere because it cannot
tolerate high temperatures (habitat water temperature range: 8-24 °C)
(Woods 2003; Nickel and Cursons 2012). Furthermore, since H. abdominalis
primarily inhabits coastal areas, its natural range expansion is difficult
without human intervention (Nickel and Cursons 2012).

In Korea, H. abdominalis has been reared near Seongsanpo, Jeju Island,
for aquaculture purposes. Comparative analyses with reared specimens
have revealed that the counts and morphometric traits of H. abdominalis
well-matched molecular results. Pohang has an annual average seawater
temperature of approximately 11.5-25.3 °C, which falls within the suitable
temperature range for H. abdominalis (Sea Temperature Info 2025). It is
possible that some individuals remain undetected, and since their
spawning and growth temperatures appear to correspond with the marine
environment of Pohang, they may have the potential to reproduce and
establish a self-sustaining population. Notably, H. abdominalis has been
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introduced to Korea for aquaculture for over a decade. According to Lovett
(1969), H. abdominalis takes approximately 3—-4 years to grow beyond 19 cm,
indicating that the individual found (197 mm) is at least three years old.
Therefore, our wild-captured specimen is presumed to have escaped from
the aquarium in Jeju Island and subsequently drifted to Pohang, located
approximately 400 km away in the southern East Sea of Korea. This region
consists of rocky coastal waters where warm and cold currents converge,
creating a suitable habitat for H. abdominalis (Yoo et al. 2006; Choi et al.
2010). Further biological investigation is needed to confirm whether the
species has settled in the Korean waters. In Pohang, three native seahorse
species (Hippocampus haema Han, Kim, Kai & Senou, 2017; Hippocampus
mohnikei Bleeker, 1853; Hippocampus trimaculatus Leach, 1814) are
known to inhabit the area. They can be distinguished by differences in the
number of dorsal fin rays (25-28 in 11-14 in H. haema vs. 17-21 in
H. trimaculatus vs. 15-16 in H. mohnikei) (Han et al. 2017; Vinod 2024).
These species primarily feed on amphipods, copepods, and mysids,
potentially competing for food and habitat with H. abdominalis, which has
a similar diet. Although only a single wild specimen was discovered in this
study, careful monitoring is necessary to assess the potential interactions,
hybridization risks, and other ecological impacts on the native seahorses in
Korea. Since there have been no reports of such introduced marine fish
species in Korea, this case is considered highly important as the first record.
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