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INTRODUCTION

Moina is one of the very interesting group of organisms found in temporary pools and saline lakes. Members
of the genus have frequently been used as experimental animals in physiolgical studies as well as in studies
of embryology and genetics in many countries. About twenty species of the genus are known in the world.

In Korea, three species (M. macrocopa, M. micrura, M. weismanni) have been recorded in this genus.

This study was supported by grant from the Korea Science and Engineering Foundation (KOSEF 901-0405-005-2).
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Fig. 1. Localities from which specimens of the present study were collected.
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Among them, M. micrura was not examined taxonomically but reported only in researches concerning lim-
nological conditions {Cho and Oeh, 1972; Cho and Mizuno, 1977; Kim, 1978; Mizuno et al., 1980). Other
two species were examined taxonomically (Yoon and Kim, 1987; Kim, 1988), but those taxonomic studies
were based mainly on parthenogenetic female, and consequently studies on male and ephippial female were
insufficient.

The present study was carried out to clarify the taxonomic status of the species of the genus Moina
occurring in various habitats in Korea. As a result of the study three species were identified. Of these, one
species, M. dffinis, was found to be new to Korea. Including this unrecorded species, we presented a key
to four species of the genus Moina occurring in Korea. We also described and illustrated males and ephip-
pial females known poorly in Korea as well as parthenogenetic females of the three species identified in
this study.

MATERIALE AN MEZTECTE

Materials were collected from various freshwater habitats such as ricefields, bogs, streams, swamps,
rivers and reservoirs at 65 localities (Figure 1) in South Korea during the period from July 1983 to July 1891.

Collections were made with a dipnet or a conical plankton net of no. 10 (or no. 25) mesh aperture.
All samples were preserved in 70% ethanol. Drawing and measuring were made with the aid of a camera
lucida. All specimens examined are deposited in the Department of Molecular Biology, Seoul National
University. ,

An abbreviation ‘ephi.’ in the ‘Material examined’ section means ephippial female. The classifcation of
family level was based on Bowman and Abele (1982). The appendix includes the station numbez, its locali-

ty and other informations. The collectors were refered when the specimens were not collected by authors.

[V £l bt VAl i I e Ve e SUE M\ iahkal
SYESTZN AT CACCCIUNTE
o’ . . - Bt Y SO
Key o the species ¢f the genus Moing ¢f Reoree

1. Head without distinct supraocular depression; anterior seta on penultimate segment of trunk limb I of

female with series of teeth on outer surface. M. macrocopa
- Head with distinct supraccular depression; anterior seta on penultimate segment of trunk limb I of
female feathered or only with fine setules. 2
2. Long hairs present on head and shell of female. 3
- Long hairs completely absent on female; setae on posterior margin of shell grouped -- M. micrura
3. Setae on posterior margin of shell ungrouped and of equal size. M. affinis
- Setae on posterior margin of shell grouped and of unequal size. M. weismanni
Class Branchiopoda Latreille, 1817 W Ed A e
Subclass Diplostraca Gerstaecker, 1866 oF3} o} 7}

Order Cladocera Latreille, 1829 A 7zt =
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Family Moinidae Goulden, 1968 RovEw & 3}
Genus Moina Baird, 1850 ReluEHE &

1. Moina macrocopa (Straus, 1820) FolyEW 2 (Figure 2,3)

Daphnia macrocopus Straus, 1820 [cited from Goulden, 1968 (p. 22)].

Moina macrocopa - Sars, 1903 (p. 178, PL. 7, fig. 3); 1916 (p. 320, Pl. 35, figs. 1,1a); Keilhack, 1909 (p. 47, figs.
113-115); Ueno, 1927 (p. 283, Pl. 25, figs. 13,13a-13d); 1940 (p. 348, figs. 82,90,91,102); Rylov, 1935 (p. 133, Tab.
18, fig. 191); Cheng and Clemente, 1954 (p. 107, Pl. 3, figs. 7,7a-7d); Sramek-Husek, et al., 1962 (p. 253, Fig. 92);
Manuilova, 1964 (p. 159, Fig. 58); Scourfield and Harding, 1966 (p. 25); Flossner, 1972 (p. 204, Fig. 97); Goulden,
1968 (p. 22, Figs. 5-7); Khan et al., 1978 (p. 81, Pl. 5, fig. 29); Mamaril and Fernando, 1978 (p. 136, figs. 123-127);
Van de Velde and Dumont, 1978 (p. 359); Chiang and Du, 1979 (p. 153, Fig. 102); Du and Mizuno, 1981 (p. 66, fig.
33); Margaritora, 1983 (p. 81, Figs. 50/A,B, 52/A, 53/B, 54/A, 55/A); Negrea, 1983 (p. 180, Fig. 73); Yoon and Kim,
1987 (p. 190, Fig. 6/c-g); Kim, 1988 (p. 58, figs. 32-34); Michael and Sharma, 1988 (p. 89, Fig. 27/a-d).

Moina macrocopa macrocopa Smirnov, 1976 (p. 215, Figs. 196-199).

Material examined: sta 2, 13 (6 ephi.) $ ¢ .58 % ;sta 3, 11(3 ephi.) 9,388 ;stad,222;
sta5,152 2 ;sta 6,212 25sta7,112 2 ;staB8,729;s5ta9,14 2 2;sta 10,11 (5ephi)R 2,28 3 ;
stal2,292,28C;stal3,12;stald, 992 ;stal6,8 2 %;stal9, 18;sta 20,299 ;sta 22, 8
29;:sta23,112%;sta24,52%;sta28 829,288 ;sta29,792,1 3 ;sta33,6%9%;sta
34,1522 ;sta35,17 (6 ephi) 232 ;sta36,112 % ;sta37, 14 (6ephi. )2 R, 788 ;stadd, 7292 ;
stad5,112 2,383 ;stad8,8(3ephi)2 2,488 ;stab2,1222;stab4, 182 2,7 &3 ; sta 55,
722,285 ;sta56, 8% % ;sta 60,2 2 2;stab2,12 ;stab3, 12 .

Female: Body (Figure 2a) 1.0 to 1.3 mm long (excluding abdominal setae), thick, heavy and oblong
with head rounded in lateral view; head not distinctly separated from shell; surface of head and shell covered
with hairs.

Head broadly rounded, without any distinct supraocular depression. Eye located near tip of head, of
moderate size and composed of pigment spot surrounded by small crystalline bodies.

Antennule (Figure 2b) large, robust, and covered with fine setae somewhat longer on posterior medial
margin; sensory seta long and originating from lateral margin of midpoint of antennule.

Antenna (Figure 2c) consisting of large basipod, three-segmented endopod and four-segmented exopod.
Basipod having one short spine on outer lateral side near distal end and with three sensory setae; two of
which originating from posterior margin near base of segment, while other one present on distal end bet-
ween two rami. First two segments of antennal endopod each having one long swimming seta on their
distal end, while distal segment with three long setae and single short spine. Four-segmented exopod hav-
ing long swimming setae only on two distal segments, while short proximal first segment without setae
and second segment with only one short spine; third segment having one long seta and distal-most seg-
ment with three long setae and one short spine. All segments of antenna covered with many rows of fine
setae; medial rows of setae long.

Shell (Figure 2d) semi-transparent, covered with hairs; hairs denser and longer near anterior half of shell,
but shorter and sparser towards posterior margin. Ventral margin of shell having one row of about sixty
setae beginning at antero-ventral border, extending along entire ventral margin; setae slightly longer anteriorly,
shorter posteriorly. After this row, much shorter ungrouped setae present along posterior margin. Postero-
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Fig. 8. Moina macrocopa (Straus), female(a-j) and male(k-m): a, female, lateral view; b, antennule; ¢, antenna;
d, left shell; e, labrum; f, mandible; g, maxillule; h, postabdomen, lateral view; i, postabdomen, distal

part; j. ephippium; k, male, lateral view; |, antennule; m, trunk limb L (Scales: a,c,d,jk= 0.2mm;

b,e,f,hl,m= 0.4mm; g,i= 0.8 mm)
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Fig. 3. Moina macrocopa (Straus), female: a, trunk limb I; b, trunk limb II; ¢, trunk limb II[; d, trunk limb IV;
e, trunk limb V. (Scales: 0.4 mm)

dorsal angle with small hook at near end of row.

Labrum (Figure 2e) tongue-like, with narrow apical setaceous protuberance; fine setae present on pro-
truding areas .

Mandible (Figure 2f) arched and shoe-shaped; bulky masticatory area with about ten transverse rows
of teeth.

Maxillule (Figure 2g) small, with four curved setae; outer seta short and its distal half serrated with spin-
nules while other setae long and feather-like.

Trunk limb I {Figure 3a) no longer filtering limb; proximal first and second segments fused,; first segment
without gnathobase but with epipodite; second segment having five long plumous setae and two short anterior



Yoon and Kim-Taxonomic Study of Genus Moina 95

setae serrated finely; third segment having one plumous posterior seta and one anterior seta with series
of teeth on outer surface; distal-most segment with three terminal setae, one of which serrated on outer
surface and others plumous.

Trunk limb II (Figure 3b) arched, without filter comb as in limb I. Proximal first segment having one small
hooklike seta on middle inner margin and one short plumous seta on basal part of inner margin, and with
gnathobase bearing long row of setae on distal part; two inner maginal setae, one of which apart proximally
a little from other setae, long, segmented and feathered with long hairs on one side of distal segment; four
outer marginal setae stout, unsegmented and serrated with fine spines; other middle setae segmented and
feathered on both sides of distal segment. Four long posterior and one short anterior plumous setae pre-
sent along second to third segment of limb II. Distal-most segment of limb Il long, and having one terminal
seta segmented and feathered with long hairs on distal segment.

Trunk limb I (Figure 3c) and IV (Figure 3d) very similar in shape each other; each of them with one
large filter comb composed of long row of plumous setae on endopod, but comb of limb III a little shorter
than that of limb IV; exopods of these two limbs large and flabelliform, with five long and one short setae
feathered with long hairs.

Trunk limb V (Figure 3e) considerably reduced in complexity and consisting of endopod and large
flabelliform exopod; four to five plumous setae present, and row of hairs present on round margin of en-
dopod and exopod.

Postabdomen (Figure 2h,i) broad and long with conical distal part occupying only one-fourth of total
length; dorsal margin with long hairs and rows of fine setae; about nine lateral teeth present, of which distal
one bident and others feathered; proximal arm of bident tooth as long as feathered one while distal arm
about one and a half times longer.

Claw (Figure 2i) with one to five minute teeth on ventral base; dorsal surface with one row of fine setae
of which basal ones larger, and proximal group of these setae similar to pecten but distinct pecten not
present; three to five short setae present between base of bident tooth and claw.

Ephippial female smaller than parthenogenetic female, but of same general form. Ephippium (Figure 2j)
brown and completely covered with polygonal or rectangular deep cells and with two eggs.

Male: Body (Figure 2k) 0.63 to 0.85 mm long, densely covered with hairs; hairs longer on dorsal part
of shell than near ventral part and a few hairs covering head.

Head separated from shell by greove and without supraocular depression, with long antennules originating
from area below eye.

Antennule (Figure 21) with bend near mid-point, with two sensory setae originating at near knee of this
bend; one of these setae having thick base on medial margin while another one longer and originating from
lateral margin of antennule; distal half of antennule curved inward, with six short hooks forming semicir-
cular shape surrounding group of sensory papillae projected from end of antennule.

Antenna similar to that of female.

Ventral margin of shell with about forty setae and followed by row of short setae as in female; arrange-
ment of these setae identical with that of female. Postero-dorsal angle carrying hook as in female.

Trunk limb | (Figure 2m) with very large, recurved hook originating from penultimate segment; ultimate
segment with three setae, one of which longer and hooklike and other setae feathered; penultmate segment

covered with many short hairs along medial margin, with one seta arising from this surface opposite to



96 Korean J. Syst. Zool, 8(1), June 1, 1992

hook; distal part of exopod segment of limb I with very long seta longer than leg and bent ventrally.

Postabdomen and claw similar in general form to those of female.

Distribution: Cosmopolitan.

Remarks: In most characters, the present specimens are well accorded with the species reported from
many other countries. However, the presence of five minute teeth on the ventral base of the claw, shown
in most of our specimens, has not been noted yet in M. macrocopa. This seems to be a variation of general

one-toothed form because many teeth are usually present in other species of the genus.

2. Moina weismanni Ishikawa, 1896 Al FROI}E B & (Figs. 4,5)

Moina weismanni Ishikawa, 1896 [cited from Goulden, 1968 (p. 53, fig. 23)]; Ueno, 1927 (p. 284, Pl. 25, figs.
14,14a,14g, Pl. 26, figs. 14c-141); Brehm, 1951 {p. 112, figs. 34-36); Goulden, 1968 (p. 53, Figs. 23,25A-B); Smrimov,
1976 (p. 200, Figs. 180-182); Chiang and Du, 1979 (p. 156, Fig. 104); Yoon and Kim, 1987 (p. 190, Fig. 7); Margaritora
etal., 1987 (p. 95, Pl. 1/2,4,6,7, P1.2/1,4,5, Pl. 3/2,4,6,7); Kim, 1988 ( p.58, figs. 35-37); Michael and Sharma, 1988
(p. 93, Fig. 27/g-h).

Material examined: sta la, 119 ¢ ; sta 1b, 17 (8 ephi) # $,433 ;sta5 9% 9 :sta9, 132 % ;
stal7a, 12 ;stal7b, 19 ;stal8,29%;sta26329%;sta27,222;sta30,222;sta 31,
12;5ta38,19;5tad0,72%;stadl, 1529 ;stad2,429;stad3,2 929 ,13; stad?, 222
stad9,212 2 ;sta50,72 2;sta51,32 2;stabl,18 ;sta63,6 2 :sta64, 132 Q ;s5ta65,119 9 .

Female: Body (Figure 4a) 0.73 to 1.08 mm long (excluding abdominal setae); surface of head and shell
covered sparsely with hairs; head distinctly separated from body by groove behind antennae.

In lateral view, head extending to antero-ventral direction, and large eye located almost contiguous to
this margin; ventral and anterior margins of head evenly rounded, but dorsal margin interrupted by well
developed supraocular depression.

Antennule (Figure 5a) large and robust, originating from area behind eye, with vertical row of long hairs
on posterior medial margin, but without fine setae as those of M. macrocopa; sensory seta long and located
on about two-thirds distance from head.

Antenna (Figure 4b) similar in general form to that of M. macrocopa, but with many rows of setae longer
than those in M. macrocopa on both rami.

Ventral margin of shell (Figure 4c,d) carrying one row of about fifteen setae beginning at antero-ventral
border, extending along frontal half of ventral margin. After this row, row of short, grouped setae present
along posterior margin; setae usually increasing in size posteriorly in each group. Number of setae variable
in each group; anterior groups usually with three to five setae, middle ones seven to eight and posterior
ones about thirteen minute setae. Postero-dorsal angle carrying small hook as in M. macrocopa.

Labrum (Figure 4e), mandible (Figure 4f) and maxillule (Figure 4g) identical in general form with those
of M. macrocopa.

Trunk limb I (Figure 5b) similar to that of M. macrocopa, but anterior seta on penultimate segment without
series of teeth, feathered only with minute setules. Three terminal setae present on ultimate segment of
limb I as in M. macrocopa; two of which feathered usually but remaining one not serrated and only feathered
with minute setules as in anterior seta.

Trunk limbs II-V (Figure 5c-) identical in general form with those of M. macrocopa.

Postabdomen (Figure 4h,i) slender and long with conical distal part occupying one-fourth of total length;
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Fig. &. Moina weismanni Ishikawa, female(a-j) and male(k): a, female, lateral view; b, antenna; c, left shell;
d, left shell, part of ventral margin; e, labrum; f, mandible; g, maxillule; h, postabdomen, lateral view;
i, postabdomen, distal part; j. ephippial female, lateral view; k, male, lateral view. (Scales: a,j,k = 0.2mm;

b,c,h = 0.4mm; d-g,i = 0.8 mm)
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Fig. 5. Moina weismanni Ishikawa, female(a-f) and male(g,h): a, antennule; b, trunk limb I; ¢, trunk limb If;

d, trunk limb III; e, trunk limb IV; {, trunk limb V; g, antennule; h, trunk limb 1. (Scales: g= 0.4 mm;
a-f,h= 0.8 mm)
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dorsal margin with rows of fine setae but without leng hairs; abcut seven lateral teeth present on postab-
domen, distal one of which long bident while others feathered; proximal arm of bident two times longer
than feathered one and distal arm three times longer.

Claw (Figure 4i) with about five minute teeth on veniral base; dorsal surface with pecten consisted of
avout twelve thin teeth, apd remaining part of claw covered with fine seiae.

Ephippial female smallér¢han partherogenetic femele, but of the same general form. Ephippium (Figure
4j) brown and completely covered with polygonal or round cells and with only one sexual egg.

Mcle: Body (Figure 4k) 0.58 to C.65 mm long; head separated from shell by groove and with distinct
supraoccular depression above eye; head without hairs, nor on dorsal margin of shell but antero-veniral area
densely covered with hairs.

Antennule (Figure 5g) originating from tip of head and bent at one-fifth from head, with two sensory
setae originating from near knee of this bend; one seta of which with thick base on medial margin while
another one longer and originating from lateral margin of antennule; four long incurved hooks present on
distal end.

Antenna identical in general form with that of female.

Ventral margin of shell with about fifteen long setae end {ollowed by groups of short setae as in female;
arrangement of these setae identical with those of female. Postero-dorsal angle carrying hcok as in female.

Trunk limb I (Figure 5h) with weakly developed hook on penultimate segment; base of this heok quite
broad, but remaining part tapering to point; ultimate segment with threz setae, one seta of which forming
short hook while other setae feathered; six long feathered setee arising from lateral side opposite to hook.

Postabdomen and claw similar to those of female.

Distribution: Asia (Korea, China, Japan, Cambodiz), India, Europe (ltaly).

Remaris: The present specimens of this species have a different feature from the species known from
other countries. The bident tooth of the postabdomen in our specimens is usually longer {one and a half
times) than any other ones reported as M. weismanni.

M. weismanni is found often in ricefields, diiches and bogs with other species of the present genus in
Korea. But M. weismanni seems to be the only species cccurring in large reserviors, rivers and rivermouth

in this genus.

3. Moine ¢ffiris Birge, 1893 YA F R ol }EH & (AA]) (Figs. 6,7)
Moina affinis Birge, 1893 (p. 290, Pl. 10, figs. 1,3,5,7,8,12-14); 1918 (p. 705, figs. 1092B,1093B,1094); Goulden,
1968 (p. 37, Figs. 14-16); Smirnov, 1976 (p. 208, Figs. 189-191); Chiang and Du, 1979 (p. 157, Fig. 105); Margaritora,
1983 (p. 84, Figs. 51/F, 52/D, 54/C, 55/D); Margaritora et al., 1987 (p. 95, Pl. 1/1,35, Pl. 2/2,3, Pl. 3/1,3,5,8).
Moterial examined: sta 11,19 ;sta 15,19 ;sta21,4 2% ;sta25 52 %;sta32, 7% %; sta 34,
629:5ta39,292;stadb, 72 %;stab2, 1729 ;sta 53,11 2%;sta54, 17(5ephi.) 22,7873,
stab5,32%:stab7,32%;stab8,1222;stab5,72¢%.

Female: Body (Figure 6a) 0.82 to 1.15 mm long (excluding abdominal setae); head distinctly separated
from body by groove behind antennae; surface of head and shell covered with hairs which dense along
ventral and dorsal margins but absent from tip of head. In lateral view, head extending to antero-ventral

direction with well developed supraocular depression.
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Fig. 6. Moina dffinis Birge, female (a-h) and male (i-k): a, female, lateral view; b, antennule; c, antenna; d, left
shell; e, labrum; f, mandible; g, maxillule; h. ephippium; i, male, lateral view; j, antennule; k, trunk limb
L (Scales: a,d,h,i = 0.2mm; c,fjk = 0.4mm; b,e,g = 0.8 mm)
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Fig. 7. Moina dffinis Birge, female: a, trunk imb [; b, trunk limb II; ¢, trunk limb [V; d, trunk limb V; e, postab-

domen, lateral view; f, postabdomen, distal part. (Scales: b,c,e= 0.4mm; a,d,f= 0.8 mm)

Antennules (Figure 6b) short, originating from area behind eye and covered completely with long hairs;
sensory seta long and located on medial margin of about one-third distance from head.

Antenna (Figure 6c¢) similar in general form to that of M. macrocopa or M. weisrmanni, but more similar
to M. weismanni in shape of many rows of setee on exoped and endopod.

Ventral margin of shell (Figure 6d) carrying row of about twenty-two setae beginning at antero-ventral
border, extending along frontal two-thirds of ventral mergin. After this row, row of much shorter ungrouped
setae present along posterior margin. Postero-dorsal angle carrying small hook.

101
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Labrum (Figure 6e), mandible (Figure 6f) and maxillule (Figure 6g) identical in general form with those
of M. macrocopa and M. weismanni.

Trunk limb I (Figure 7a) similar to M. weismanni, with anterior seta on penultimate segment feathered
with fine setules.

Trunk limbs II - V (Figure 7b-d) identical in general form with those of M. macrocopa and M. weismanni.

Postabdomen (Figure 7e,f) slender and long with conical distal part occupying one-third of total length;
dorsal margin of postabdomen with rows of fine setae and long hairs; about ten lateral teeth present on
postabdomen, distal one bident and other ones feathered; proximal arm of bident tooth about one and
a half times longer than feathered ones and distal arm two and a half times longer.

Claw (Figure 7f) with about six minute teeth on ventral base; dorsal surface with pecten of about four-
teen thin teeth and remaining part of claw with one row of fine setae as in M. weismanni.

Ephippial female smaller than parthenogenetic female, but of the same general form. Ephippium (Figure
6h) brown and completely covered with polygonal or round cells and with only one sexual egg.

Male: Body (Figure 6i) 0.68 to 0.86 mm long; head sparsely covered with hairs, but ventral area of
shell densely covered with hairs; head separated from shell by groove and with distinct supraocular depres-
sion above eye.

Antennule (Figure 6j) originating from near tip of head, curved inward and bent at very near head and with
two sensory setae; one seta of which very thin, long and originating from near bend of medial margin while
another one very short and thick, and present on medial margin apart from distal extremity; a few small
protuberances present along medial part of bend; proximal half of antennule covered with small hairs and
distal end with four incurved hooks.

Antenna similar to that of female.

Ventral shell rim with about twenty-two long setae and followed by short setae as in female. Postero-
dorsal angle also carrying hook as in female.

Trunk limb I (Figure 6k) with poorly developed hook curved inward on penultimate segment; ultimate
segment with three setae, one seta of which reduced to small, knoblike protuberance while other two setae
feathered.

Postabdomen and claw similar to those of female.

Distribution: Korea, China, North America, Europe (ltaly).

Remarks: The present specimens of this species are well accorded with those reported from other countries
in most characters, but have a different characteristic antenna. Our specimens lack a long row of stout
teeth on endopod previously noted by other authors (Goulden, 1968; Smimov, 1976; Chiang and Du, 1979;
Margaritora et al., 1987).

ABSTRACT

The specimens belonging to genus Moina collected from various freshwater habitats at
65 localities in South Korea during the period from July 1983 to July 1991 were examined.
As a result of the present study, three species were identified and one of which was newly
reported from Korea. We provided a key to four species of the genus Moina occurring in
Korea and described and illustrated males and ephippial females poorly known in Korea

as well as parthenogenetic females of the three species.



Yoon and Kim-Taxonomic Study of Genus Moina 103

Birge, E. A., 1893. Notes on Cladocera Ill. Description ot new and rare species. Trans. Wisc. Acad. Sci. Arts Lett.,
S: 275-317.

Birge, E. A., 1918. The water fleas (Cladocera) in: Ward, H. B. and G. C. Whipple(eds.), Freshwater Biology, New
York, John Wiley and Sons, chap. 2%: 676-740.

Bowman, T. E. and L. G. Abele, 1982. Classification of the recent Crustacea in: The Biclogy of Crustacea, Vol. 1,
Systematics, the Fossile Record, and Biogecgraphy(Abele, L. G. ed.). Academic Press, New York, pp. 1-27.

Brehm, V., 1951. Cladocera und Copepoda Calanocida von Cambedja. Cybium, &: 95-124 (In German).

Cheng, T. C. and L. S. Clemente. 1954, The classfication and distribution of freshwater cladocerans around Manila.
Natur. Appl. Sci. Bull,, 14: 85-150.

Chiang, S. C. and N. S. Du, 1979. Fauna Sinica. Crustacea. Freshwater Cladocera. Science Press, Pecking, China,
297pp (In Chinese).

Cho. K. S. and T. Mizuno, 1977. Comparison of limnological conditions and plankton communities in the Uiam Lake
consisting of the two different river systems. Kor. J. Limnol., ~Z, 3-4: 73-85 (In Korean).

Cho. K. S. and K. H. Oeh, 1972. A study in the environmental conditions and microfauna for reservoirs along the Han
River. R-72-87, Ministry of Science and Technology, pp. 49-66 (In Korean) .

Du, N. S. and T. Mizuno, 1981. Remarks on Freshwater Cladocerans of China and Japan. Tatara Publ. Co., 209pp
(In Japanese).

Fléssner, D., 1972. Kiemen-und Blattfiisser, Branchiopoda, Fischlause, Branchiura. Die Tierwelt Deutschlands und der
Argrenzenden Meeresteil, &C: 1-501.

Goulden, C. E., 1968. The systematics and evolution of the Moinidae. Trans. Amer. Phil. Soc., new ser., £8, 6: 3-101.

Keilhack, L., 1909. Phyllopoda in: Brauer, A.(ed.), Die Susswasserfauna Deutschlands, ~C: 1-112.

Khan, Y. S. A, A. M. A. Salam and M. K. Ahmed, 1978. Cladczera of the River Buriganga, Dacca, Bangladesh. Bangladesh
d. Zool., &, 2: 73-83.

Kim, C. K., 1978. Distribution and seasonal variations of the copepods and branchiopods in the Myeongam Lake. Kor.
d. Zool., 2., 2: 67-75 (In Korean).

Kim, 1. H., 1988. Key to the Korean freshwater Cladocera. Korean J. Syst. Zool., Special Issue, Z: 43-65 {In Korean).

Mamaril, A. C. and C. H. Fernando, 1978. Freshwater zcoplankton of the Philippine. Natur. Appl. Sci. Bull., &, 4: 109-221.

Manuilova, E. F., 1964. Vetviatousye Rachki Fauny SSSR (Cladocera). Nauka Publ. Moscow, 326pp (In Russian)

Margaritora, F. G., 1983. Cladoceri { Crustacea, Cladocera). Guide per il riconoscimento delle specie animali delle acque
interne italiane. Consiglio Nazionale delle Ricerche AQ/1/197, 16%pp (in ltalian).

Margaritora, F. G., L. Ferrari and D, Crosetti, 1987. A Far East Moina, M. weismanni Ishikawa, 1896 found in an Italian
ricefield. Hydrobiologia, ~.4E: 93-103.

Michael, R. G. and B. K. Sharma, 1988. Indian Cladocera. Fauna of Indian Series. Zoological Survey of India Publica-
tions, pp. 262.

Mizuno, T., S. W. Kang and K. S. Cho, 1980. A Faunal Study on Freshwater Plankton from Korea. Investigation of
Scientific Study Abroad. The Ministry of Education, pp. 63-88 (In Japanese).

Negrea, St., 1983. Cladodera. Fauna Republicii Sccialiste Romania 4, 12, Edit. Academiei, Bucuresti, 39Spp (In Rumanian).



104 Korean J. Syst. Zool, 8(1), June 1, 1992

Rylov, W. M., 1935. Das Zooplakton der Binnengewasser. Schweiterbart’sche Verlag., Stuttgart, 272 pp (In German).

Sars, G. O., 1903. On the crustacean fauna of Central Asia. Part Il. Cladocera. Ann. Mus. Zool. St. Petersburg, 8:
157-194. English Transl. Israel Program Scientific Translation, Jerusalem.

Sars, G. O., 1916. The Fresh-water Entomostraca of Cape Province (Union of South Africa). Part I: Cladocera. Ann.
S. Afr. Mus., 15: 303-351.

Scourfield, D. J. and J. P. Harding, 1966. A key to the British species of freshwater Cladocera, third edition, Sci. Pub.
Freshw. Biol. Assoc. Ambleside, 5: 1-55.

Smirnov, N. N., 1976. Macrothricidae and Moinidae of the World. Fauna of the U.S.S.R. Leningrad. 236pp (In Russian).

Sramek-Husek, R., M. Straskraba and J. Brtek, 1962. Branchiopoda. Fauna CSSR, Praha, Vol 16, 470pp (In Czech). '

Ueno, M., 1927. The freshwater Branchiopoda of Japan I. Mem. Coll. Sci. Kyoto Imp. Univ., Ser. B, 2, 5: 259-311.

Ueno, M., 1940. Manchurian Cladocerans. Inland Water Fauna and Flora of the Manchuria, pp. 323-367 (In Japanese).

Van de Velde, 1. and H. J. Dumont, 1978. Liste des especes de Cladoceres connues aux iles des Acores. Bull. Mus.
Natn. llist. Nat. Paris, 3e Ser., 545: 355-365 (In France).

Yoon, S. M. and H. S. Kim, 1987. A systematic study on the freshwater Cladocera from Korea. Korean J. Syst. Zool.,
3, 2: 175-207 (In Korean).

RECEIVED: 2 APRIL 1992
ACCEPTED: 2 MAY 1992

APPENDIX

Station list

Seoul, Inch’6n and Kyonggi-do: sta 1, a pond in Seoul National Univ., a, 6 VIl 1983, C.Y. Chang; b,
24 V11991; sta 2, ricefields at Madu-ri, llsan-tip, Koyang-gun, 28 V 1989, G.S. Min; sta 3, ricefields at Changhydn-
ri, Chinjop-myon, Namyangju-gun, 20 V 1991; sta 4, ricefields at the approach to Ch'dnmasan, 6 VI 1989,
C.B. Kim; sta 5, ricefields at Pdndo-ri, Niingsd-mydn, Ydju-gun, 14 [V 1991; sta 6, a bog and ricefields at Such’dng-
dong, Osan-shi, 21 IV 1991; sta 7, ricefields at Sajong-dong, Songt’an-shi, 31X 1989 G.S. Min; sta 8, ricefields
at Shindae-dong, Pydngt’aek-shi, 3 IX 1989 G.S. Min; sta 9, ricefields at Ulwang-ri, Yongyudo, Inch’on, 12 VI
1991; sta 10, ricefields at Yongjin, Kanghwado, 24 IV 1991 M.K. Shin and H.B. Kong.

Kangwon-do: sta 11, ricefields at Kangch’on-ri, Nam-myon, Ch’'unsdng-gun, 16 VIII 1990; sta 12, Kong-
jich'dn, Ch'unch’on-shi, 16 VIII 1990; sta 13, ricefields at bséngjén-ﬂ, Hyonbuk-myon, Yangyang-gun, 8 V 1987;
sta 14, ricefields at Kyo-dong(Kwangjin), Samch’sk-shi, 2 V 1991.

Ch’ungch’6ngnam-do: sta 15, ricefields at Undang-ri, Chonti-mydn, Yongi-gun, 21 IV 1991; sta 16, a
bog at Sokkok-ri, Chdndong-mydn, Ch'dnwon-gun, 21 IV 1991; sta 17, Noséngch’dn, Kiimdai-ri, Noséng-myon,
Nonsan-gun, a, 16 VI 1990, C.Y. Chang; b, 30 VI 1990, C.Y. Chang; sta 18, Hwangsannaru (Kiimgang),
Kanggyong, 2 VIII 1986, C.Y. Chang.

Chollabuk-do: sta 19, Chugyo Res., Onsu, lksan-gun, 3 V 1988, C.Y. Chang; sta 20, ricefields at Sdngdok-
dong, Chdnju-shi, 19 VII, 1990; sta 21, ricefields at Tongjin-mydn, Puan-gun(border on Kimje-gun), 19 VII 1990;
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sta 22, ricefields at Chigydng-ti, Chdngiip-mydn, Chéngup-gun, 20 IV 1991; sta 23, Tongsanri Res., Pokhiing-

myén, Sunch’ang-gun, 20 [V 1991; sta 24, ricefields at Shinhting-ri, Sanggwan-myén, Imshil-gun, 18 VI 1990;
sta 25, a stream at Imshil-tp, Imshil-qun, 2 VI 1988, C.Y. Chang; sta 26, Osuch’dn, Tunnam-myon, Inshil-gun,
2 V11988, C.Y. Chang; sta 27, a ditch near Namwon Station, 2 VI 1988, C.Y. Chang; sta 28, ricefields at
Chech'dn-ri, Chusaeng-mydn, Namwdn-gun, 18 VII 1990.

Crolarnem-do: sta 29, ditches and ricefields at Yénggwang-tp, Yonggwang-gun, 19 VI 1990; sta 30,
Yaéngsan-gang Barrage, 4 VI 1984, C.S. Lee; sta 31, ditches and ricefields at Koksdng-tip, Koksong-gun, 18
VI 1990; sta 32, ricefields at Palgyo-tip, Posdng-gun, 18 IX 1989, G.S. Min; sta 33, ricefields at Chusam-dong,
Yoch'an-shi, 25 IV 1990; sta 34, ricefields at Tunddk-dong, Y&su-shi, 25 IV 1990; sta 35, ricefields at Seguji,
Tolsan-tip, Yoch’dn-gun, 26 IV 1990; sta 36, ricefields at Kiimch'on-ri, Tolsan-Up, Y&ch’dn-gun, 25 IV 1990;
sta 37, ricefields at Songho-ri, Songji-myon, Haenam-gun, 2 V 1990.

Kydngszngorz-do: sta 38, a swamp at P'algongsan, Wach’on-myén, Kydngsan-gun, 7 IX 1920.

Pusan and Ky@rngsangnem-co: sta 39, under Sdnam Bridge(Naktonggang), Pusan, 12 IX 1987, D.H.
Kwon; sta 40, Mydngji-dong(Naktonggang), Pusan, 10 VIII 1987, M.O. Song; sta 41, Noksan(Naktonggang),
Pusan, 10 VIl 1987, M.O. Song; sta 42, Maektogang, 7 VIII 1986; sta 43, Hadan-dong(Naktonggang), Pusan,
6 VIII 1986; sta 44, ricefields at Hwasan-ri, Sudong-mydn, Hamyang-gun, 30 VI 1984, G.S. Min; sta 45, ricefields
at Kimch'on-ri, Koch'ang-tp, Kach’ang-gun, 14 V 1989, G.S. Min; sta 46, Mago Swamp, Changma-myon,
Ch'angnydng-gun, 22 VII 1987; sta 47, Samrangjin (Naktonggang), Milyang-gun, 7 VIII 1987; sta 48, ricefields
at Mangch’dn-ri, Hanrim-mydn, Kimhae-gun, 29 V 1991; sta 49, Chunam Res., Changwdn-gun, 22 VI 1987,
M.O. Song; sta 50, Tongp’ange Res., Changwdn-gun, 22 VII 1987, M.O. Song; sta 51, a pond near Ugok Res.,
Changwon-gun, 22 VII 1987, M.O. Song; sta 52, ricefields at Shinbang-ri, Tong-my6n, Changwdn-gun, 29 V
1991; sta 53, ricefields at Hwayang-ri, Tong-mydn, Changwdn-gun, 29 V 1991, sta 54, ricefields at Kogtim-ri,
Chinydng-lp, Changwdn-gun, 29 V 1991; sta 55, ricefields at Tapch'dn-ri, llbanséng-myén, Chinyang-gun, 25
V11984, G.S. Min; sta 56, ricefields at Songhak-dong, Koséng-up, Kosong-gun; sta 57, ricefields at Mangch'i-ri,
Tlun-mydn, Kéje-gun, 5 V 1989; sta 58, ricefields at Hyangch'on-dong, Samch’énp’o-shi, 28 V 1991; sta 59,
ditches and ricefields at Och’én-ri, SSlch’dn-mydn, Namhae-gun, 20 VII 1990; sta 60, ricefields at Songjongi,
Konyang-mydn, Sach'dn-gun, 3 VII 1984, G.S. Min; sta 61, Namgang, Chinju-shi, 24 VI 1984, G.S. Min; sta
62, Kajwach’dn, Kajwa-dong, Chinju-shi, 28 VI 1984, G.S. Min; sta 63, ricefields at Chokryang-mydn, Hadong-
gun, 18 VII 1990; sta 64, ricefields at Shingi-ri, Hwagae-mydn, Hadong-gun, 18 VII 1990.

Cheju-co: sta 65, Pydldoch’dn, Hwabuk-dong, Chejushi, 25 VIII 1984, J.K. Ham.
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