
INTRODUCTION

Cladocerans are small-sized crustaceans that
occur in all freshwater habitats and can be abun-
dant enough to form conspicuous swarms. They
occupy a key position in freshwater communities
both as important herbivores eating algae and
bacteria and as a major prey item of f ish, birds
or other predators (Dodson and Frey, 1991). Nu-
merous investigators have been interested in
these animals through the various f ields of bio-
logy including taxonomy, ecology, environmental
toxicology, embryology and developmental bio-
logy, physiology and biochemistry, and genetics,
etc. (see Yoon, 1993).

In the cladoceran taxonomy it had been tradi-
tionally accepted that the most species could be

world-widely distributed through the dispersal
by means of the ephippium. 

However, since Frey (1973) introduced new me-
thods and the f irst serious evaluation of the the-
ory of cosmopolitanism, many vigorous studies to
reexamine previous works have been performed
over various cladoceran taxa. It has been shown
that many previous descriptions often concerned
either species complexes or intraspecif ic units,
and is believed that most described species need
revision (see Korovchinsky, 1996). 

Simocephalus Schödler is one of the common
group of daphniid cladocerans found in littoral
aquatic vegetation all over the world. Members
of the genus have frequently been investigated
as the subjects in the various limnological and
ecological studies (Ferrari et al., 1991; Brock et
al., 1992; Bertilsson et al., 1995; Koksvik, 1995;
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한국산 시모물벼룩속 (새각강, 이지목, 물벼룩과) 종들의 분류학적 검토와 요술시모물벼룩
(Simocephalus mixtus )의 재기재. 윤성명*∙김 원1 (조선 학교 사범 학 생물교육과, 1서울
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1981년 5월부터 1999년 6월까지 남한의 97개 지소의 다양한 담수역에서 채집된 표본들에 근거하
여 요술시모물벼룩 (Simocephalus mixtus Sars)을 재기재하 으며, 한국에서의 시모물벼룩속 종들
의 과거 기록들을 검토하 다. 이 종은 최근까지 극동아시아 지역에서 긴눈시모물벼룩 (S. vetulus
(O.F. Müller)) 및 S. vetuloides Sars와 분류학적으로 혼동되었거나 오동정되었던 종이다. 본 종은
갑각의 후배각이 낮고 넓게 돌출하 고, 갑각의 등쪽 가장자리의 뒷부분이 팽창하 으며, 머리의
부리에 가까운 배쪽 가장자리 부위가 깊게 함몰되어 있고, 길쭉한 모양의 단안을 가지며, 후복부
발톱의 기부에 빗모양의 가시군이 없다는 점에서 근연종들과 구별된다. 
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Lauridsen et al., 1996). Though having long his-
tory, the taxonomy of the genus had remained
unsatisfactory before the recent work by Orlova-
Bienkowskaja (1998). She redescribed and revis-
ed more than 60 previously recorded species and/
or subspecies of the genus Simocephalus, and
described two new species by the reexamination
of previous works and materials. Through this
study a lot of previously recorded species were
synonymized and regarded as the invalid ones,
and some were turned out to be the species
groups. Presently 20 species of the genus are
known as the valid ones in the world (Orlova-
Bienkowskaja, 1988). 

In the Far East total four Simocephalus spec-
ies were recorded from Far Eastern China (Ch-
iang and Du, 1979), Japan (Ueno, 1927a; Mizuno
and Takahashi, 1991), and Korea (Yoon and Kim,
1987; Kim, 1988). Among them invalid records of
S. vetulus (O.F. Müller, 1776) were included in
the present point of view (Orlova-Bienkowskaja,
1988). Most of all the previous works were lack-
ing precise descriptions and detailed drawings of
the species, insuff icient to tell their status exac-
tly. The Far Eastern Simocephalus is therefore
in need of the reinvestigation including the rede-
scriptions of recorded species. 

When studying cladoceran fauna, the senior
author of the present study found out that S.
mixtus Sars, 1903, new to Korean fauna, was
widely distributed in Korea. He also suspected
that most records of S. vetulus in the Far East
were probably the erroneous ones of S. mixtus.
In the present paper S. mixtus from Korea is re-
described, and the taxonomy of the genus Sim-
ocephalus in the Far East is discussed.

MATERIALS  AND  METHODS

The materials of Simocephalus were collected
from the various freshwater habitats such as
rice-fields, lakes, rivers, streams, and reservoirs
of 97 localities in south Korea during the period
from May 1981 to June 1999 (Fig. 1). Collections
were made with a conical plankton net and a
dipnet (both 155 µm in mesh size). Samples were
f ixed with 10% formalin, and preserved in 4%
formalin. 

The samples were inventoried to determine the
presence and the reproductive state of the spec-
ies under a Olympus stereomicroscope. Each
specimen was transferred to a drop of glycerol in

a reversed slide for subsequent study. Tempo-
rary mounts of whole specimens in glycerol were
used for the measurements and the drawings of
intact animals and their parts. Whole bodies
were dissected with tungsten needles to examine
antennules, antennae, carapaces, trunk limbs,
postabdomens, postabdominal claws, and other
parts. Drawing and measuring were made with a
Olympus compound microscope attached by the
drawing tube system. All specimens examined
are deposited in the senior author’s collection. 

More than 20 parthenogenetic female speci-
mens were examined in every samples collected
from 97 localities of the present study. The
appendix includes the station number, its loca-
lity and other informations. Collectors were not
referred when the specimens were collected by
the authors themselves.

RESULTS  AND  DISCUSSION

1. Redescription of species

Simocephalus mixtus Sars, 1903 요술시모물벼
룩 (신칭) (Figs. 2, 3)

Simocephalus mixtus Sars, 1903, p. 174, Pl. 6,
Figs. 4, 4a; Orlova-Bienkowskaja, 1998, p. 11,
Fig. 23.
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Fig. 1. Localities from which the specimens were collect-
ed.



Simocephalus vetulus (non O.F. Müller, 1776):
Ueno, 1927a, p. 281; 1927b, p. 160, Fig. 2; Chiang
and Du, 1979, p. 125, Fig. 80; Du and Mizuno,
1981, p. 62, Fig. 25; Negrea, 1983, p. 138, Fig.
55H (part); Yoon and Kim, 1987, p. 184, Fig. 4a-
d; Kim, 1988, p. 55, Figs. 19, 20; Mizuno and
Takahashi, 1991, p. 143. 

Simocephalus elizabethae (non King, 1853):
Manuilova, 1964, p. 148, Fig. 50.

Simocephalus vetuloides (non Sars, 1898): Chi-
ang and Du, 1979, p. 126, Fig. 81; Michael and
Sharma, 1988, p. 75, Fig. 21e.
Material Examined: Numerous specimens of
parthenogenetic females collected from every 97
localities listed in the ‘Appendix’.
Parthenogenetic female: General shape (Fig.
2a). Body bilaterally compressed, almost oval in
outline of lateral view. In lateral view, head
short and wide, distinctly separated from body
by indentation at dorsocephalic suture; ventral
margin deeply concave. Dorsal margin of cara-
pace strongly expanded posteriorly. Dorso-pos-
terior caparace angle distinct. Color yellowish or
red-brown.

Carapace (Figs. 2a-c). Surface reticulated; reti-
culation consisting of oblique stripes somewhat
intersecting in most parts of carapace, and of
irregular polygons along marginal area (Figs. 2a,
c). Dorsal margin arched in middle, strongly
expanded posteriorly, smoothly connected anteri-
orly to that of head shield, and distinctly indent-
ed near posterior end forming prominent dorso-
posterior carapace angle with posterior part of
ventral margin; dorso-posterior carapace angle
short and very wide. Ventral margin nearly stra-
ight and posterior margin evenly curved. Dorsal,
posterior and ventral margins ornamented with
denticles; denticles on region from midway of
dorsal margin to dorso-posterior carapace angle
strong and naked, arranged in 2 rows, while
those on posterior and ventral margins very
weak and indistinct, f inned with wide transpar-
ent membrane, and arranged in 1 row along
margin (Figs. 2a, c). Inner surface with row of
plumose setae on ventral margin, followed by
row of minute spinules groups on posterior mar-
gins, and with 3~5 serrated denticles near ven-
tro-posterior carapace angle (Fig. 2c). 

Head (Fig. 2a). Comparatively small and short;
length about 1/5 of carapace length. Anterior and
dorsal margins evenly curved, ventral margin
deeply depressed near rostrum; width increasing

conspicuously into proximal part. Rostrum long
and pointed. Frons rounded, right-angled and
without denticles. Eye large, shifted ventrally
and f illing apart in short distance from anterior
margin. Ocellus elongate, arrow-shaped. 

Antennule (Fig. 2d). Tubular, having 9 aesthet-
es unequal in length at distal end and 1 sensory
papilla arising from tubular mound on anterior
proximal side. 

Antenna (Fig. 2e). Small, slightly shorter than
half of carapace length. Antennal formula 0(0)-
0(1)-1(0)-3(0)/1(0)-1(0)-3(0); approximate leng-
th ratios of exopod segments relative to basipod
length 0.10, 0.35, 0.30 and 0.20, endopod seg-
ments 0.40, 0.30, and 0.25. Basipod having 1
sharp and long spine on outer lateral side near
distal end and with 3 plumose sensory setae; two
of which originating from outer lateral side near
base of segment, while other one present on di-
stal end between 2 rami of endopod and exopod.
Each of all segments covered with transverse
rows of f ine setules along whole length, and with
transverse row of small spinules at distal end.
Exopod and endopod segments with clumps of
hairs on inner surfaces. 

Trunk limbs. Five trunk limbs of general forms
of genus (f igures not given). 

Postabdomen (Fig. 2f ). Large, slightly tapering
into postabdominal claw; dorsal margin some-
what protruding in middle and indented distally;
ventral margin expanded proximally; distal mar-
gin strongly depressed to forming large anal bay
on dorsal half, and making prominent supra-
anal angle with distal part of dorsal margin. Dis-
tal margin provided with 2 rows of anal teeth
increasing in size distally; each row comprising
10~13 curved teeth, distal 3~5 of which orna-
mented with f ine setules and others smooth; cur-
vature somewhat increasing in distal teeth; area
near bases of anal teeth with groups of minute
setules. Dosal and dorso-lateral surface covered
with clusters of very f ine spinules. Abdominal
setae very short, slightly longer than postabdo-
minal claws. Abdominal processes well develop-
ed, 2 in number; f irst process sparsely setulosed
while second nearly naked. 

Postabdominal claw (Fig. 2g). Large, bent dor-
sally at about proximal 2/3 of length, without
basal pecten of spines. Dorsal margin from base
to tip having row of minute spinules arranged
along concave dorsal edge. Ventral surface with
semicircular row of f ine spinules near base. Ven-
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tral margin smooth, without any ornamenta-
tions. 
Variation: Variabilities, especially on the shape
of  carapace,  according  to  age  could  be  easily
found (Fig. 3). In immature parthenogenetic
females, the brood pouch is small and the dorsal
carapace margin is nearly straight. The promi-
nence on the dorso-posterior carapace angle is
not distinct. Mature females have a distinct dor-

so-posterior carapace angle prominence. The
shape of brood pouch in mature female depends
on the number of eggs and on the developmental
stage of embryos. This much effect the whole
shape of individuals. The head grows slower
than the carapace. Ocellus is always elongate,
but the size and the shape are more or less vari-
able to individuals within populations, without
the relation to age. 
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Fig. 2. Simocephalus mixtus Sars, lateral view of parthenogenetic female. a, habitus; b, carapace surface near dorso-
posterior carapace angle; c, inner view of carapace near ventro-posterior carapace angle; d, antennule; e, antenna;
f, postabdomen; g, distal part of postabdomen. Scales: a = 0.5 mm; b-g = 0.1 mm.



Size: Length range (from anteriormost part of
head to posteriormost part of carapace) of ma-
ture parthenogenetic females carrying eggs is
1.11~2.04 mm. 
Remarks: This species was usually recorded
under the name of S. vetulus (O.F. Müller) or S.
vetuloides Sars in the Far East (Ueno, 1927a, b;
Chiang and Du, 1979; Du and Mizuno, 1981;
Yoon and Kim, 1987; Kim, 1988; Mizuno and
Takahashi, 1991). Though most previous descrip-
tions and drawings are incomplete, they make it
possible to recognize the species from diagnostic
features such as short and wide dorso-posterior
carapace angle prominence, distally protruding
dorsal margin of the carapace, deep depression of
the ventral head margin near the rostrum, and
the elongate ocellus.
Distribution: Asia including the Far East (Ru-
ssia, Korea, China, Japan), Eastern Europe, Nor-
th Africa, North America. 

2. Taxonomic review and ecological note

In Korea, Yoon and Kim (1987) f irst described
Korean populations of two Simocephalus species,
S. vetulus (O.F. Müller, 1776) and S. exspinosus
(Koch, 1841), and Kim (1988) presented the
taxonomic key for Korean cladocerans including
additional species, S. serrulatus (Koch, 1841).
After these, only S. vetulus was dealt in several
limnological studies (Yoo and Lim, 1991; Ha et
al., 1995; Kim, 1996; Lim et al., 1997), further
taxonomic study has not been made. So total thr-
ee Simocephalus species are reported in Korea.
Among them, S. vetulus is known to be common
and widely distributed over various types of lotic
and lentic freshwater habitats, while other two
species are very rare and usually restricted to
the lentic habitats of ponds and reservoirs (Yoon
and Kim, 1987; Kim, 1988). All of above three
species are also recorded from China and Japan,
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Fig. 3. Variability of Simocephalus mixtus Sars in parthenogenetic female. a-e, population collected from a small
reservoir in Kwangju; f, population from the rice-f ields in Yongin, Kyǒnggi-do; g, population from the Kanjung
reservoir in Wanju, Chǒllabuk-do. 



and another species, S. vetuloides Sars, 1898, is
recorded from China in the Far East (Chiang and
Du, 1979; Mizuno and Takahashi, 1991).

Because based on the theory of cosmopolitani-
sm, previous works in Korea were not made
carefully and including many erroneous informa-
tions as those in other countries were. Recently
it was proved that many Simocephalus species
had been incorrectly described under different
names and a lot of different species were errone-
ously recorded under the same name in the
world (see Orlova-Bienkowskaja, 1988). Among
three species recorded from Korea, S. vetulus has
long been known as the representative of world-
widely distributed species, but it’s practical geo-
graphic range seems to be restricted to Europe
and North Africa (Orlova-Bienkowskaja, 1988).
So the previous reports of S. vetulus from the Far
East including Korea are questionable and un-
substantiated.

Only a few characters such as the shape of the
frons of head, the ornamentation of postabdomi-
nal claw, and the protuberance of the dorsal
margin of carapace have been used for discrimi-
nating Simocephalus species in the Far East
(Chinag and Du, 1979; Yoon and Kim, 1987;
Kim, 1988; Mizuno and Takahashi, 1991). All the
previous descriptions and drawings are very
short and somewhat doubtful. Previous authors
overlooked several important characteristic fea-
tures found on the carapace and the head, while
exaggerated some variabilities like the number
of anal teeth in the present point of view. Such
problems included in the monograph of China
(Chiang and Du, 1979), the representative work
in this region, were recently pointed out by seve-
ral authors over various cladoceran taxa includ-
ing Simocephalus (Korinek, 1987; Orlova-Bien-
kowskaja, 1988; Korovchinsky and Mirabdullaev,
1995). Though having insuff icient informations,
the previous reports in the Far East show a re-
markable characteristic feature of S. exspinosus
and S. serrulatus, respectively. That is, the basal
pecten of postabdominal claw in S. exspinosus
and the frons having denticles in S. serrulatus
are well noticeable (Chinag and Du, 1979; Yoon
and Kim, 1987; Kim, 1988; Mizuno and Takaha-
shi, 1991). 

According to recent work by Orlova-Bienkows-
kaja (1988), each of above features is one of the
most useful characteristics in discriminating the
species from other related species, respectively.

From this with the consideration of other general
shapes presented, previous records of the two
species are acceptable. The previous reports also
show that the species recorded as S. vetulus has
a noticeable feature of the short and wide dorso-
posterior carapace angle prominence. Another
record of S. vetuloides from China shows the
same feature. The two species could not be dis-
tinguishable from each other in any parts of des-
criptions and drawings except in the outline dif-
ference of the dorsal margin of carapace (Ueno,
1927b; Chiang and Du, 1979; Du and Mizuno,
1981; Yoon and Kim, 1987; Kim, 1988; Mizuno
and Takahashi, 1991). Considering the variabi-
lity for the shape of dorsal carapace margin
according to age in Simocephalus species, there
is a high possibility that the two species are the
same one. 

In the present study, the authors examined the
Korean Simocephalus materials that have a
short and wide prominence on the dorso-pos-
terior carapace angle. The materials included a
part of previous authors’ specimens dealt as S.
vetulus (Yoon and Kim, 1987; Kim, 1988). They
superficially seemed to be composed of two differ-
ent groups in the protrusion of dorsal carapace
margin, the vetulus-type and the vetuloides-
type referred to Chiang and Du (1979), but any
other distinguishable features between the two
were not found. So the authors investigated the
variability, especially on the shape of carapace,
in the present study (Fig. 3). It was found that
above two types of individuals were usually mix-
ed up within every large population samples exa-
mined. It also appeared that the differences of
individuals were mostly the ref lections of differ-
ent growth stages. In immature parthenogenetic
females, the brood pouch was small and the dor-
sal carapace margin was nearly straight. The
prominence on the dorso-posterior carapace an-
gle was relatively not distinct (Figs. 3a-d). But
mature female had a distinct dorso-posterior
carapace angle prominence. The shape of brood
pouch in mature female depended on the number
of eggs and on the developmental stage of embr-
yos. It much effected the whole shape of indivi-
duals (Figs. 3e-g). All the Korean materials were
eventually turned out to be S. mixtus Sars. This
result strongly supports that previous records of
both S. vetulus and S. vetuloides are erroneous
ones of S. mixtus in the Far East.

Simocephalus mixtus was f irst described from
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the Sudjil-gol river in Mongolia by Sars (1903).
It was characterized by smooth and rounded
frons of head, elongate ocellus, and protruding
dorsal carapace margin in the original descrip-
tion (Sars, 1903). After the f irst description, S.
mixtus had frequently been considered to be a
synonym of S. vetulus or that of S. elizabethae
(King, 1853) (Manuilova, 1964; Negrea, 1984).
Recently Orlova-Bienkowskaja (1988) revealed
that S. mixtus differs from both S. vetulus and S.
elizabethae with examining the type materials.
S. mixtus is now regarded as one of the most
widely distributed Simocephalus species in the
world (Orlova-Bienkowskaja, 1988). 

Diagnostic features of S. mixtus are presently
known as follows: (1) frons of head is smooth,
without denticles, (2) ventral head margin near
the rostrum is strongly depressed, (3) ocellus is
elongate, (4) dorso-posterior carapace angle pro-
minence is distinct, but short and wide, (5) dor-
sal margin of carapace is protruding posteriorly,
and (6) postabdominal claw is lacking the pecten
of denticles. S. mixtus especially has a close re-
semblances with S. vetulus, but it differs from
the latter by the larger prominence on the dorso
-posterior carapace angle, the strong depression
on the ventral head margin near the rostrum,
and the large protrusion of the dorsal margin of
carapace in mature female. S. vetuloides is also
closely related to S. mixtus in having that the
dorsal carapace margin is expanded posteriorly.
But it is differentiated from the latter by the
high and narrow prominence on the dorso-pos-
terior carapace angle. Previous record of S. vetu-
loides in China (Chiang and Du, 1979), which
shows a large but short and wide prominence on
the dorso-posterior carapace angle, is therefore
turned to be a erroneous one of S. mixtus. On the
other hand, S. mixtus can be easily distinguish-
able from S. exspinosus by having the naked
postabdominal claw without pecten, and from S.
serrulatus by having the smooth frons of head
without denticles (Manuilova, 1964; Negrea,
1984; Orlova-Bienkowskaja, 1988). 

The Korean materials are well accorded with
those of other countries reported recently (Orlova
-Bienkowskaja, 1988). Any remarkable differ-
ences or variations could not be observed except
that of carapace shape mentioned above. Especi-
ally the structures of all the trunk limbs are the
typical ones of the genus. Only minor variability
of the ocellus in the elongation and the shape can

be found (Fig. 3). It seems to be an accidental
variation to individuals within populations, with-
out the relation to age. 

In conclusion, the above results show that only
three species, S. mixtus, S. exspinosus and S.
serrulatus, are presently acceptable in the Far
East. However, there is a possibility that another
species remains to be known because the taxono-
my of Simocephalus is still very poor and needed
further study in this region. 

Among three species, S. mixtus is one of the
most common species among the littoral clado-
cerans in various freshwater habitats including
rice-f ields, swamps, bogs, streams, ponds, lake
waters, reservoirs and rivers in Korea (see Ap-
pendix). It much prefers small waters to large
ones, and usually lives in the aquatic vegetation
in large water bodies. 

It can be found throughout all seasons except
the period of freezing in the permanent water
bodies (see Appendix). Individuals of the species
often swarm in large water bodies such as reser-
voirs and rivers in warm season. 

ABSTRACT

Simocephalus mixtus Sars was redescribed and
illustrated from Korea. It had been frequently
confused with S. vetulus (O.F. Müller) and S.
vetuloides Sars in the Far East. Redescription
was based on the materials collected from vari-
ous freshwater habitats at 97 localities in South
Korea during the period from May 1981 to June
1999. Previous records of Simocephalus species
from Korea were examined. S. mixtus is well dis-
tinguishable from other related species by hav-
ing short and wide dorso-posterior carapace an-
gle prominence, distally protruding dorsal mar-
gin of carapace, deep depression of the ventral
head margin near the rostrum, elongate ocellus,
and postabdominal claw lacking the basal pecten
of denticles.
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APPENDIX.

Station list
Inch’ǒn: sta 1, rice-f ields at Tǒksǒng-ri, Pulǔn-myǒn, Kanghwa-gun, Apr. 24, 1991, H.B. Kong; sta 2, rice-f ields at

Shinhyǒn-ri, Pulǔn-myǒn, Kanghwa-gun, Apr. 26, 1991, M.K. Shin; sta 3, rice-fields at Chungsan-dong, Yǒngjong Is.,
Ongjin-gun, Mar. 22, 1996, C.Y. Chang.

Kyǒnggi-do: sta 4, rice-fields at Kunha-ri, Wǒlgot-myǒn, Kimp’o-gun, Sep. 10, 1990, K.S. Min; sta 5, Imjin-gang at
Myǒndong-ri, Munsan-ǔp, P’aju-gun, May 6, 1988, C.Y. Chang; sta 6, a small reservoir at Chǒngok-ri, Chǒngok-ǔp,
Yǒnch’ǒn-gun, May 6, 1988, C.Y. Chang; sta 7, Hant’an-gang at Changt’an-ri, Ch’ǒngsan-myǒn, Yǒnch’ǒn-gun, May 6,
1988, C.Y. Chang; sta 8, rice-fields at Changhyǒn-ri, Chinjǒp-myǒn, Namyangju-shi, May 5, 1991; sta 9, rice-fields at
Mukhyǒn-ri, Hwado-ǔp, Namyangju-shi, Jun. 6, 1989, C.B. Kim; sta 10, Han-gang at Choan-ri, Choan-myǒn,
Namyangju-shi, Jul. 15, 1984, C.Y. Chang; sta 11, Han-gang at Yangsu-ri, Yangsǒ-myǒn, Yangp’yǒng-gun, Aug. 11,
1991; sta 12, Han-gang at Yanggǔn-ri, Yangp’yǒng-ǔp, Yangp’yǒng-gun, Apr. 24, 1994; sta 13, rice-f ields at Chubuk-
ri, Yangji-myǒn, Yongin-shi, May 20, 1996; sta 14, rice-fields at Pyǒngjǒm-ri, T’aean-ǔp, Hwasǒng-gun, Apr. 28, 1996;
sta 15, rice-f ields at Such’ǒng-dong, Osan-shi, Apr. 21, 1991; sta 16, rice-f ields at Sǒj’ǒng-dong, Songt’an-shi, Apr. 21,
1991; sta 17, Kosam reservoir at Kosam-myǒn, Ansǒng-gun, Jul. 21, 1986.

Kangwǒn-do: sta 18, Kongji-ch’ǒn, Ch’unch’ǒn-shi, Aug. 16, 1990; sta 19, a pond in Kangwon Univ., Ch’unch’ǒn-shi,
Oct. 31, 1981, I.H. Kim; sta 20, P’aroho, Gandong-myǒn, Hwach’ǒn-gun, Jun. 22, 1986; sta 21, rice-fields at Shinnam-ri,
Nam-myǒn, Inje-gun, May 22, 1996; sta 22, a swamp at Paektam valley in Sǒrak-san, Aug. 28, 1994; sta 23, a swamp
near Songjiho, Chukwang-myǒn, Kosǒng-gun, Jul. 18, 1996, I.H. Kim; sta 24, rice-fields at Namae-ri, Hyǒngnam-
myǒn, Yangyang-gun, May 24, 1981, I.H. Kim; sta 25, Kyǒngp’oho, Kangrǔng-shi, Jun. 22, 1986; sta 26, rice-f ields at
Chibyǒn-dong, Kangrǔng-shi, May 24, 1986, I.H. Kim; sta 27, Namdaech’ǒn, Kangrǔng-shi, Jun. 1, 1981, I.H. Kim; sta
28, a stream at Yongp’yǒng, Hǒinggye-myǒn, Pyǒngch’ang-gun, Jun. 26, 1986, I.H. Kim; sta 29, rice-fields at Kyo-dong,
Samch’ǒk-shi, May 2, 1991; sta 30, rice-fields at Imwon-ri, Wondǒk-ǔp, Samch’ǒk-shi, Jun. 8, 1986, I.H. Kim; sta 31,
rice-f ields at Nǔkku-ri, Togye-ǔp, Samch’ǒk-shi, May 5, 1987; sta 32, a stream at Mugye-ri, Sǒwon-myǒn, Hoingsǒng-
gun, Jul. 20, 1986, I.H. Kim.

Ch’ungch’ǒngbuk-do: sta 33, rice-f ields at Kuhak-ri, Pongyang-ǔp, Chech’ǒn-shi, Jun. 24, 1986, I.H. Kim; sta 34,
rice-f ields near Myǒngamji, Ch’ǒngju-shi, Jun. 14, 1986, I.H. Kim.

Taejǒn: sta 35, Gapch’ǒn at Guam-dong, Yusǒng-gu, May 3, 1999; sta 36, Gapch’ǒn at Chǒnmin-dong, Yusǒng-gu,
May 3, 1999; sta 37, a stream at Hakha-dong, Yusǒng-gu, Aug. 25, 1990, C.Y. Chang.

Ch’ungch’ǒngnam-do: sta 38, Ansǒ reservoir, Ch’ǒnan-shi, Jun. 4, 1988, K.S. Min; sta 39, Muhanch’ǒn at Changjae-
ri, Kwangshi-myǒn, Yesan-gun, Sep. 15, 1996; sta 40, Ilho reservoir, Wǒnbuk-myǒn, Taean-gun, May 24, 1996; sta 41, a
pond at the Ch’ǒllip’o Tree Garden, Sowǒn-myǒn, Taean-gun, Oct. 7, 1985; sta 42, rice-f ields in Wǒnsan Is., Och’ǒn-
myǒn, Poryǒng-shi, Aug. 1, 1986; sta 43, rice-fields at Pomul-ri, Chǒngam-myǒn, Kongju-shi, Apr. 28, 1996; sta 44,
rice-fields at Chungjang-ri, Kyeryong-myǒn, Kongju-shi, Aug. 25, 1990, C.Y. Chang.

Chǒllabuk-do: sta 45, Kanjung reservoir, Yongjin-myǒn, Wanju-gun, Apr. 20, 1991; sta 46, Mangyǒng-gang at Nak-
p’yǒng-ri, Pongdong-ǔp, Iksan-shi, May 4, 1999; sta 47, Mangyǒng-gang at Yongjǒng-dong, Chǒnju-shi, May 4, 1999;
sta 48, rice-fields in Sǒnyu Is., Kunsan-shi, May 6, 1986.

Kwangju: sta 49, Yǒngsan-gang at Yonggang-dong, Puk-gu, Apr. 24, 1996; sta 50, a small reservoir at Ch’ǒngok-dong,
Tong-gu, Apr. 17, 1996. 

Chǒllanam-do: sta 51, rice-fields at Songam-ri, Yǒmsan-myǒn, Yǒnggwang-gun, Aug. 6, 1996; sta 52, rice-fields at
Yawǒl-ri, Yǒmsan-myǒn, Yǒnggwang-gun, Aug. 6, 1996; sta 53, rice-fields at Punhyang-ri, Nam-myǒn, Changsǒng-
gun, May 18, 1996; sta 54, rice-fields at Yǒnch’ǒn-ri, Nam-myǒn, Tamyang-gun, Apr. 17, 1996; sta 55, Kwangjuho, Kosǒ
-myǒn, Tamyang-gun, Nov. 27, 1995; sta 56, Yǒngsan-gang at Yǒngsanp’o, Naju-shi, Apr. 28, 1997; sta 57, rice-fields at
Kaesin-ri, Yǒngam-ǔp, Yǒngam-gun, Jul. 28, 1988, K.S. Min; sta 58, Wǒlnam reservoir, Sǒngjǒn-myǒn, Yǒngam-gun,
Jul. 22, 1994; sta 59, a bog in Sohǔksan Is., Shinan-gun, Aug. 26, 1987, C.B. Kim; sta 60, rice-f ields atǔpnae-ri, Chindo-
ǔp, Chindo-gun, Jun. 4, 1996; sta 61, Osan reservoir, Kogun-myǒn, Chindo-gun, Nov. 1, 1994; sta 62, rice-fields at
Hyangdong-ri, Kogun-myǒn, Chindo-gun, Jun. 5, 1996; sta 63, rice-fields at Songho-ri, Songji-myǒn, Haenam-gun,
Jun. 2, 1990; sta 64, a pond at Wando Fishery High School, Wando-ǔp, Wando-gun, Jul. 8, 1986, I.H. Kim; sta 65, rice-
fields in Shinji Is., Wando-gun, Jun. 15, 1996; sta 66, Haktong reservoir, Todǒk-myǒn, Kohǔng-gun, Jan. 30, 1991, C.Y.
Chang; sta 67, rice-f ields at Hoijǒng-ri, Pǒlgyo-ǔop, Posǒng-gun, Sep. 18, 1989; sta 68, rice-f ields at Chusam-dong,
Yǒch’ǒn-shi, Apr. 25, 1990; sta 69, rice-fields at Seguji, Tolsan Is., Yǒch’ǒn-shi, Apr. 26, 1990.

Taegu: sta 70, Kǔmho-gang at Tongho-dong, Tong-gu, Jun. 19, 1999; sta 71, Kǔmho-gang at P’aldal-dong, Puk-gu,
Jun. 19, 1999.

Kyǒngsangbuk-do: sta 72, a bog at Yǒnji-ri, Uljin-ǔp, Uljin-gun, May 7, 1987, M.O. Song; sta 73, Sǒngryugul, Uljin,
May 14, 1988, K.S. Min; sta 74, rice-fields at Soro-ri, Ch’unyang-myǒn, Ponghwa-gun, May 5, 1987; sta 75, rice-f ields
at Kang-dong, Yǒngju-shi, Jul. 4, 1986, I.H. Kim; sta 76, Map’ǒngch’ǒn at Wǒlmak-dong, Ch’ǒngsong-ǔp, Ch’ǒngsong-
gun, May 27, 1988, C.Y. Chang; sta 77, a well at Kǔmsan-dong, Haep’yǒng-myǒn, Sǒnsan-gun, Apr. 17, 1991, C.Y.
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Chang; sta 78, Hayangch’ǒn at Hayang-ǔp, Kyǒngsan-shi, Sep. 20, 1996; sta 79, rice-f ields at Naeri-ri, Chinryang-
myǒn, Kyǒngsan-shi, Sep. 20, 1996; sta 80, Kǔmho-gang, Kǔmho-ǔp, Yǒngch’ǒn-shi, Jun. 19, 1999; sta 81, Pomun
reservoir, Kyǒngju-shi, May 29, 1988, C.Y. Chang.

Pusan: sta 82, rice-f ields at Songjǒng-dong, Haeundae-gu, Apr. 3, 1994; sta 83, Naktong-gang at Noksan-dong,
Kangsǒ-gu, Aug. 10, 1987, M.O. Song; sta 84, Maekto-gang at Myǒngji-dong, Kangsǒ-gu, Aug. 7, 1986; sta 85, a spring
at Nulch’a-dong in Kadǒk Is., Kangsǒ-gu, Sep. 23, 1987.

Kyǒngsangnam-do: sta 86, rice-f ields at Mangch’ǒn-ri, Hanrim-myǒn, Kimhae-shi, May 29, 1991; sta 87, rice-fields
at Shinbang-ri, Tong-myǒn, Ch’angwǒn-shi, May 29, 1991; sta 88, Up’onǔp, Ibang-myǒn, Ch’angnyǒng-gun, Jun. 26,
1988, M.O. Song; sta 89, Chilnalnǔp, Pǒpsu-myǒn, Haman-gun, Apr. 4, 1989; sta. 90, a swamp at Kaho-dong, Chinju-
shi, Jul. 6, 1986, I.H. Kim; sta 91, rice-fields at Manch’i-ri, Ilun-myǒn, Kǒje-shi, May 5, 1989; sta 92, rice-f ields at
Och’ǒn-ri, Sǒlch’ǒn-myǒn, Namhae-gun, Jul. 20, 1990.

Cheju-do: sta 93, rice-fields at Yongsu-ri, Hangyǒng-myǒn, Namjeju-gun, Feb. 10, 1987; sta 94, a swamp at Posǒng-
ri, Taejǒng-ǔp, Namjeju-gun, Nov. 1, 1986, I.H. Kim; sta 95, rice-fields at Tumo-ri, Taejǒng-ǔp, Namjeju-gun, Apr. 26,
1990, K.S. Min; sta 96, a swamp near Ch’ǒnjiyǒn, Sǒguip’o-shi, Feb. 10, 1987; sta 97, a bog in U Is., Feb. 2, 1987.

APPENDIX. Continued.


