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Two New Species of Isoetes (Isoetaceae) from
Jeju Island, South Korea

Hong-Keun Choi*, Jongduk Jung, and Changkyun Kim
Department of Biological Science, Ajou University, Suwon 443-749, Republic of Korea

We name and describe two new species, Isoetes jejuensis and I. hallasanensis, from Jeju Island, South Korea. These taxa are
compared with related species in East Asia, including I. coreana and I. sinensis. The rugulate megaspore ornamentation of 1.
jejuensis differs from those other Isoetes species. Furthermore, I. hallasanensis varies from I. asiatica in its microspore orna-
mentation and chromosome number, although both species have an echinate megaspore ornamentation. These new species
are tetraploid (2n = 44), whereas I. coreana is hexaploid (2n = 66).
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The number of named species of Isoetes throughout the
world has increased due to more intensive searches for
plants in the field and because of the re-evaluation of taxa
using modern diagnostic techniques (Taylor and Hickey,
1992). Therefore, many taxa have recently been described,
including those in East Asia (Wang et al., 2002; Romero et
al., 2004; H. Liu et al., 2005). In Korea, only three species
were previously recorded: I. japonica A. Braun (Park, 1942),
I. coreana Chung & Choi (Chung and Choi, 1986; Jung,
2001), and I. sinensis (Palmer) var. sinensis (Takamiya, 2001).
However, Korean [soetes species are near extinction and are
listed as endangered species due to habitat loss, an increase
in agricultural land use, and an invasion of exotic species,
phenomena also witnessed in other countries (X. Liu et al.,
2005; Kim et al., 2008). During our systematic and conser-
vational studies of the genus Isoetes in South Korea, we
found two unknown species that are morphologically similar
to I. coreana and I. sinensis, but differ in their megaspore
ornamentations or chromosome numbers.

Although the worldwide monograph of genus Isoetes was
done by Pfeiffer (1922), this taxonomic treatment is out-
dated because of recently described taxa. Therefore, we
compared our two new species with regional species from
China, Taiwan, and Japan (Table 1). Ten species are distrib-
uted in that area, but the new ones do not coincide with the
previously reported taxa because they have rugulate
megaspores (I. jejuensis) or echinate micro- and megaspores
(I. hallasanensis).

Morphology. As diagnostic characters, we continue to
use the number of corm lobes and shape of ligules, pres-
ence or absence of velum, and presence or absence of
peripheral fiber strands in the sporophyll to distinguish
among Isoetes species (Takamiya et al., 1997). Most of those
from East Asia, including the two new species I. jejuensis
and [ hallasanensis, typically have three-lobed corms
whereas |. asiatica has a two-lobed corm (Table 1). Further-
more, the deltoid shape of the ligule and the presence of
velum are unique in I. asiatica (Takamiya et al., 1997). The
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peripheral fiber strand is a mechanical tissue situated under
the epidermis in the sporophyll. Isoetes jejuensis and I. hal-
lasanensis have them at four sites (Figs. 1B and 2B) whereas
no such strand is found in I. taiwanensis, I. asiatica, or I. yun-
guiensis (DeVol, 1972a, b; Takamiya et al., 1997; Wang et
al., 2002).

The morphology of Isoetes species from East Asia is highly
conserved, compounded by homoplasy and allopolyploid
speciation (Takamiya et al., 1997; Taylor et al., 2004).
Therefore, it is difficult to distinguish species by many mor-
phological characters. This could be why we did not deter-
mine the key characters for delimitation of I. jejuensis or I.
hallasanensis based on their external appearance.

Spore ornamentation. Spores of I. jejuensis and I. halla-
sanensis were obtained from specimens collected at the
Dongbakdongsan, Bukjeju-gun and at 1100 Highland Wet-
land, Seoguipo city, Jeju Island, respectively. Observations,
measurements, and photomicrographs were made with a
Jeol JSM-6380 scanning electron microscope and Olympus
BX40 microscopes.

Four types of megaspore ornamentation have been
recorded for the [soetes species of East Asia (Table 1): tuber-
culate, reticulate, echinate, and cristate (terminology for spore
ornamentation follows that of Hickey, 1986). Although the phy-
logenetic significance of spore ornamentation in those spe-
cies is controversial (Hickey, 1986; Rydin and Wikstrom,
2002), it was a useful diagnostic character when we identi-
fied and compared the two new species with other taxa of
Isoetes.

The rugulate megaspores of I. jejuensis obviously differ
from other East Asian species (Fig. 1G-I and Table 1). Megaspore
ornamentation of I. hallasanensis is echinate-tuberculate in
the proximal view and echinate in the distal view (Fig. 2G-I).
Although it is similar to 1. asiatica, a diploid species, it differs
because of its microspore ornamentation, with I. hallasanen-
sis being echinate (Fig. 2J) and I. asiatica levigate (Takamiya
et al., 1997; Table 1).

Chromosome Number. Plant materials for chromosome
counts were collected from Dongbakdongsan, Bukjeju-gun
and 1100 Highland Wetland, Seoguipo-city from Jeju
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Figure 1. Isoetes jejuensis H.-K. Choi, C. Kim & J. Jung. A, Habit of plant. B, Cross section of sporophyll at middle length; arrowheads indicate
peripheral fiber strands. C, Stomata. D, Cross section of corm. E, Ligule. F, Habitat(Namjeju-gun, Jeju Island, South Korea). G-I, Megaspore. G,
Lateral view. H, Distal view. I, Ultrastructure of surface. J, Lateral view of microspore. K, Ultrastructure of microspore surface. L, Somatic chro-
mosomes in mitotic root tip. Scale bars: A=5cm; B,E=1mm; C,G, H=100 um; D=1cm; |,L =5 pum;J) =10 pm; K= 2 pm.

Island, and cultivated in an artificial pond at Ajou University.
Mitotic chromosome numbers were determined as
described by Kott and Britton (1980). Both new species are
tetraploid, with chromosome numbers of 2n = 44 (Figs. 1L
and 2L). Of the 10 species of Isoetes earlier reported from
East Asia, 4 are diploids (2n = 22: I. yunguiensis, I. hypso-
phila, I. taiwanensis, and I. asiatica), 1 is tetraploid (2n = 44:
I. sinensis), 3 are hexaploid (2n = 66: I. coreana, I. orienta-
lis, and I. japonica), 1 is heptaploid (2n = 77: I. Xmichi-
nokuana), and 1 is octoploid (2n = 88: I. pseudojaponica)

(Table 1). Molecular data are now being used to investigate
the close relationships among basic diploid and polyploid
Isoetes species from East Asia (Taylor et al., 2004). Thus, our
new tetraploid species may provide keys to clarifying this
speciation process and the dispersal mechanism among Iso-
etes species of East Asia.

Key to the Taxa of Isoetes in East Asia

Ta. Corms 2-lobed; sporangium covered by velum -
........................................................................... . asiatica
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Figure 2. [soetes hallasanensis H.-K. Choi, C. Kim & J. Jung. A, Habit of plant. B, Cross section of sporophyll at middle length; arrowheads indi-
cate peripheral fiber strands. C, Stomata. D, Cross section of corm. E, Ligule. F, Habitat. G-1, Megaspore. G, Lateral view. H, Distal view. I, Ultra-
structure of surface. J, Lateral view of microspore. K, Ultrastructure of microspore surface. L, Somatic chromosomes in mitotic root tip. Scale
bars;: A=5cm; B,E=1mm; C,G,H=100pum; D=1cm; |, L=5um; ) =10 um; K= 2 um.
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dense .......................................................... I. jerenSiS
6b. Megaspore ornamentation echinate and ultrastruc-
LUFE fIDFOUS: -+ v reereeerrerereereeernrerereneas I hallasanensis

The following is a distinct description of two previously
unnamed species of Isoetes:

Isoetes jejuensis H.-K. Choi, C. Kim & J. Jung, sp. now.
TYPE: South Korea. Jeju Island: Namijeju-gun, 33° 23 N, 126°
48 E, ca. 4 km NE of Pyosunmyun, elev. 125 m, 5 Aug. 2000,
J. Jung 2000157 (holotype, AJOU; isotype, AJOU). Figure 1.
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Table 1. Comparison of diagnostic morphological characters and chromosome numbers among Isoetes species from East Asia

. . 4 Chromosome  Voucher Literature
i :
Species No. of corm lobes ~ Megaspore (um) Microspore (um) number (2n) locality Cited
I. jejuensis 3 rugulate (325-425) echinate (26-32) 44 South Korea In this study
I. hallasanensis 3 echinate (356-464) echinate (26-31) 44 South Korea In this study
|. coreana 3 cristate (355-484) echinate (31-38) 66* South Korea Chung and Choi, 1986
I cristate-reticulate . .

I. yunguiensis 3 (340-430) levigate (20-25) 22 China Wang et al., 2002
I. orientalis 3 reticulate (350-450) tuk()1e;c_;|9a)te—echmate 66 China H. Liu et al. 2005
I. hypsophila 3 reticulate (ca. 320) perforate (15-18) 22 China Palmer, 1927
1. sinensis 3 cristate (330-462) echinate (19-20) 44 China Palmer, 1927
1. taiwanensis 3 (rarely, 4 or 5) tuberculate (310-390) echinate (ca. 25) 22 Taiwan DeVol, 1972a
I. asiatica 2 echinate (413-563) levigate (21-33) 22 Japan Takamiya et al., 1997
I. japonica 3 (rarely, 2)  reticulate (300-563) levigate (25-38) 66 Japan Takamiya etal., 1997
I. Xmichinokuana 3 reticulate (338-539)  echinate (25-38) 77 Japan Takamiya et al., 1997
I. pseudojaponica 3 reticulate (375-600)  echinate (26-38) 88 Japan Takamiya et al., 1997

fClassification of megaspore ornamentation follows that of Hickey (1986).

*Terminology for microspore ornamentation follows their original descriptions.
“The chromosome number for I. coreana was determined in this study as 2n=66 (Photo not shown)

Korean name: Je-ju-mul-bu-chu.

Megasporae rugatae, canae, 325-425 um diam., hemispha-
erium proximalis rugatum, hemisphaerium distalis rugatum,
crista radialis undulata, crista aequatoria rudimentaria, ultra-
structura densa. Microsporae echinatae, brunneae, 26-32
pm longae. Chromosomatum numerus 2n = 44.

Plant amphibious. Corm 3-lobed, 10-20 mm diameter.
Sporophylls ascending or inclined, white basally, green
above, half-terete, 9-26 cm long, 1.5-2.5 mm wide at mid-
length, base alate. Stomata anomocytic, 58-88 um long, 28-
40 um wide, with 5-7 peristomatic neighboring cells. Velum
absent. Ligule hastiform or sub-triangular, 2-4 mm long, 2-
2.5 mm wide. Sporangium wall clear. Megaspore rugulate,
grey, 325-425 um diameter, proximal and distal hemisphere
rugulate, radial ridge undulate, equatorial ridge rudimentary,
ultrastructure dense. Microspore echinate, brown, 26-32
pum long. Chromosomes: 2n = 44.

Distribution: This species occurs on clay soils in shallow
ponds and swamps (elev. ca. 125 m; Fig. 1F) in the low land
of Mt. Halla at Bukjeju-gun and Namijeju-gun of Jeju Island,
South Korea.

Etymology: The epithet is derived from the name for Jeju
Island, the province from which the new species was col-
lected.

Paratype. South Korea. Jeju Island. Namjeju-gun, Nam-
won-eup, 5 Aug. 2000, J. Jung 2000154, 2000155 (AJOU).

This species can be distinguished from other East Asian
Isoetes species by its rugulate megaspore ornamentation.

Isoetes hallasanensis H.-K. Choi, C. Kim & J. Jung, sp.
nov. TYPE: South Korea. Jeju Island: Seoguipo city, 33° 21
N, 126° 27 E, ca. 6.7 km W of top of Mt. Halla, elev. 1070
m, 13 Jul. 2006, H.-K. Choi 20061380 (holotype, AJOU;
isotype, AJOU). Figure 2.

Korean name: Hal-la-mul-bu-chu.

Megasporae echinata, canae, 356-464 pm diam.,
hemisp- haerium proximalis echinatum et tuberculatum,

hemisphaerium distalis echinatum, crista radialis et crista
aequatoria undulata, ultra-structura fibrosa. Microsporae
echinatae, brunneae, 26-31 pm longae. Chromosoma-
tum numerus 2n = 44,

Plant amphibious. Corm 3-lobed, 10-18 mm diameter.
Sporophylls ascending, white basally, green above, half-ter-
ete, 5-19 cm long, 1.5-2.5 mm wide at mid-length, base
alate. Stomata anomocytic, 44-77 um long, 23-34 um wide,
5-7 peristomatic neighboring cells. Velum absent. Ligule
hastiform or sub-triangular, 3-4 mm long, 1.5-2 mm wide.
Sporangium wall clear. Megaspore echinate, grey, 356-464
pum diameter, proximal hemisphere echinate and tubercu-
late, distal hemisphere echinate, radial- and equatorial ridge
undulate, ultrastructure fibrous. Microspore echinate, brown,
26-31 um long. Chromosomes: 2n = 44.

Distribution: This species grows on sandy-clay or clay soils
of shallow streams in a high-mountain area (elev. ca. 1100
m; Fig. 2F) at Seoguipo city on Jeju Island, Korea.

Etymology: The epithet is derived from the name for Mt.
Halla, on which the new species was found.

Paratype. South Korea. Jeju Island. Seoguipo city, 3 May
2007, C. Kim 200784 (AJOU), 30 Aug. 2007, C. Kim 200798
(AJOU).

This species differ from all other East Asian Isoetes
except I. asiatica because of its echinate megaspores.
However, it can be distinguished from I. asiatica by its ech-
inate microspores and sporophyll with peripheral fiber
strands.

Like all other Isoetes species in Korea, I. jejuensis and .
hallasanensis are extremely rare and highly endangered.
Populations of I. jejuensis and I. hallasanensis have been
found at only two and one site, respectively, where they
comprise fewer than 20 individuals. These small and iso-
lated communities might be the result of fragmentation
and habitat destruction through human activities. There-
fore, protection of the remaining plants is essential, and
additional populations must be searched for in the future.



358 Choi et al.

ACKNOWLEDGMENT

We thank Professor Hyunchur Shin of the Department of
Biology, Soonchunhyang University, Korea, for his discus-
sion of the results. We also thank two anonymous reviewers
for their critical comments and suggestions. This work was
supported by grants from the Ministry of Environment as
parts of the Eco-Technopia 21 project (KIEST 052-071-049)
and the survey of indigenous biological resources of South
Korea (2007).

Received June 2, 2008; accepted July 1, 2008.

LITERATURE CITED

Chung YH, Choi H-K (1986) Isoetes coreana, a new species from
Korea. Kor ) Plant Tax 16: 1-12 (In Korean with English abstract)

DeVol CE (1972a) Isoetes found on Taiwan. Taiwania 17: 1-7

DeVol CE (1972b) A correction for Isoetes taiwanensis DeVol. Tai-
wania 17: 304-305

Hickey R (1986) Isoetes megaspore surface morphology: Nomen-
clature, variation, and systematic importance. Amer Fern J 76:
1-16

Jung J (2001) Taxonomic studies of /soetes L. in Korea. M.S. Thesis.
Ajou University, Suwon (In Korean with English abstract)

Kim C, Na HR, Choi H-K (2008) Genetic diversity and population
structure of endangered Isoetes coreana in South Korea based
on RAPD analysis. Aquat Bot 89: 43-49

Kott LS, Britton DM (1980) Chromosome numbers for Isoetes in

J. Plant Biol. Vol. 51, No. 5, 2008

northeastern North America. Can J Bot 58: 980-984

Liu H, Wang Q-F, Taylor WC (2005) Isoetes orientalis (Isoetaceae),
a new hexaploid quillwort from China. Novon 15: 164-167

Liu X, Wang J-Y, Wang Q-F (2005) Current status and conservation
strategies for Isoetes in China: A case study for the conserva-
tion of threatened aquatic plants. ORYX 39: 335-338

Palmer TC (1927) A Chinese Isoetes. Amer Fern ) 17: 111-113

Park M (1942) Isoetes japonica in Korea. J Jpn Bot 18: 547 (In Jap-
anese)

Pfeiffer NE (1922) Monograph of the Isoetaceae. Ann Missouri Bot
Gard 9: 79-232

Romero MI, Amigo ], Ramil P (2004) Isoetes fluitans sp. nov.: The
identity of Spanish plants of ‘I. longissimum’. Bot ] Linn Soc
146: 231-236

Rydin C, Wikstrom N (2002) Phylogeny of Isoetes (Lycopsida):
Resolving basal relationships using rbcL sequences. Taxon 51:
83-89

Takamiya M (2001) Isoetes sinensis var. sinensis in Korea (Isoeta-
ceae: Pteridophyta). Fern Gaz 16: 169-170

Takamiya M, Watanabe M, Ono K (1997) Biosystematic studies on
the genus Isoetes (Isoetaceae) in Japan. IV. Morphology and
anatomy of sporophytes, phytogeography and taxonomy. Acta
Phytotax Geobot 48: 89-122

Taylor WC, Hickey R] (1992) Habitat, evolution, and speciation in
Isoetes. Ann Missouri Bot Gard 79: 613-622

Taylor WC, Lekschas AR, Wang QF, Liu X, Napier NS, Hoot SB
(2004) Phylogenetic relationships of Isoetes (Isoetaceae) in China
as revealed by nucleotide sequences of the nuclear ribosomal
ITS region and the second intron of a LEAFY homolog. Amer
Fern ) 94: 196-205

Wang QF, Liu X, Taylor WC, He Z-R (2002) Isoetes yunguiensis (Iso-
etaceae), a new basic diploid quillwort from China. Novon 12:
587-591



