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Preface

In 2010, the 10th Conference of the Parties of the Convention on Biological Diversity (CBD) adopted
the Nagoya Protocol on access and benefit-sharing of biological resources. Since then, the national
and international environment of the use and management of biological resources has been rapidly
changed. Therefore, it is imperative to identify indigenous biological species in details and to build
scientific data worthy of international recognition in order to take the initiative in bio-industry.

The National Institute of Biological Resources of the Ministry of Environment has been publishing
the Flora and Fauna of Korea to generally manage biological resources and to enhance national
competitiveness by setting the foundation for the sovereignty over biological resources. Professional
research group consisting of professors of taxonomy and related experts has systematically examined
a variety of and wide range of taxa for the last 6 years since 2006.

As a result, 90 issues of the Flora and Fauna of Korea, both in Korean and in English, covering a
total of 8,888 species and 2 issues of World Monograph covering 216 species were published. And
30 issues of the Flora and Fauna of Korea, both in Korean and in English, covering 1,665 species of
invertebrates, insects and algae are additionally published this year.

These efforts serve to identify indigenous species living in Korea, to investigate biota, to improve
the quality of national biological resources management and to provide the opportunity to lay the
groundwork for the biotechnological industrialization of biological resources.

I would like to express my sincere appreciation for those who spared no effort to publish the bio-
logical magazines; Professor Cheon Young Chang of Daegu University. And I hope he will help to
discover useful biological resources in Korea and to create high value-added activities including
natural product, gene resource and medical substance development.

Sang-pal Lee
President
National Institute of Biological Resources
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Introduction

A monographic study on non-marine cyclopoid copepods from Korea, belonging to the subfamily
Cyclopinae of family Cyclopidae, is presented, following the author’s previous study on the sub-
families Halicyclopinae and Eucyclopinae (Chang, 2012).

Cyclopinae is a group of species that typically inhabit freshwaters, and comprises about 530 species
in 41 genera (Boxshall and Halsey, 2004). In Korea, since Kim and Chang (1989) first published a
taxonomic paper on freshwater cyclopoids from South Korea, which included 25 species of 12 genera,
a series of faunistic studies on continental cyclopids has been accomplished by the author and his
colleagues: a new species (Acanthocyclops tokchokensis) from wells on Deokjeok Island in the Yellow
Sea (Kim and Chang, 1991), a new species and a new record (Ochridacyclops coreensis and Itocyclops
yezoensis) from springs (Lee et al., 2004), new records of 5 species of the genus Mesocyclops (Lee, Jeon
and Chang, 2005), an illustrated key to freshwater cyclopoid species including two brackish-water
cyclopids (Mesocyclops marinus and Thermocyclops uenoi) (Chang and Min, 2005), a new species,
Acanthocyclops fonticulus from mountain springs (Lee and Chang, 2007a), 4 troglobiontic species
(Megacyclops magnus, Acanthocyclops orientalis, A. robustus and Diacyclops suoensis) (Lee et al., 2007),
and 1 brackish-water species (Apocyclops borneoensis) from the south coast (Yoon and Chang, 2008).
Summing up the above fragmentary records on continental cyclopids and those of calanoids and
harpacticoids from South Korea, a monograph on the continental copepods of Korea was published,
which included 59 cyclopoid species of 20 genera in three families (Chang, 2009). Recently, discoveries
on interstitial cyclopoids have been accomplished: Lee and Chang recorded a new psammobiontic
species, Psammophilocyclops paucisetosus, from a sand filter in a water-purification plant (Lee and
Chang, 2011); Karanovic et al. (2012) erected a new genus Monchenkocyclops to accommodate a new
species M. changi from sandy bank at Odae Valley; Karanovic et al. (2013) described two new inter-
stitial species of Diacyclops languidoides group (D. parasuoensis and D. hanguk), and corrected D. suoensis
sensu Lee et al., 2007 as a distinct new species (D. leeae).

Largely based on the above book (Chang, 2009), the author has comprehensively reexamined the
previous records, as well as new material obtained during this research period. As a part of the
results, the present issue is provided for 33 species of 11 genera belonging to the subfamily Cyclopinae
of the family Cyclopidae in South Korea.



Materials and Methods

The material in this study comprises the cyclopoid collection stored in the Department of Biological
Science, Daegu University, Korea, which has been collected from various fresh and brackish waters
of South Korea since June 1985, and the previous records from taxonomic papers published in the
past, mostly by the author and his colleagues.

Collections were made mostly with a dipnet or a conical plankton net of 64 um mesh aperture.
Copepods were fixed and stored in 4% buffered formalin or 80% ethanol.

Specimens were dissected and mounted in lactophenol on H-S slides (Shirayama et al., 1993), a
recent variation of the Cobb slide, after treatment in a solution of 20% glycerin - 80% ethyl alcohol
for 1-2 days. Dissection was performed using two needles made with 0.3 mm diameter tungsten
wire sharpened by electrolysis (Huys and Boxshall, 1991; Huys et al., 1996). Mounted specimens
were observed under a differential interference phase-contrast microscope (Olympus BX51) with
Nomarski optics.

Figures were prepared with the aid of a camera lucidA. Measurements were made with a digital
camera for microscope (Cool SNAP 5.0M, Roper Scientific Co., USA) and the calibration software
QCapture Pro (ver. 5.0, Media Cybernetics Inc., USA).

Type specimens examined are deposited in the National Institute of Biological Resources, Incheon,
Korea (NIBR), the Natural History Museum of Ewha Womans University, Seoul (EWNHM), the U.S.
National Museum of Natural History, Smithsonian Institution (USNM), the Natural History Museum,
London (NHM), and the collection of the Department of Biological Science, Daegu University, Korea
(DB).

The number of taxa currently recorded is based on the “World Copepoda database” by Walter and
Boxshall (2013).

Abbreviations used in the text and figure legends follow the conventional ones frequently used
in the taxonomy of copepods: A1, antennule; A2, antenna; Fu, caudal rami; L/W, length to width
ratio; P1-P5, legs (pereiopods) 1-5; enp1-3 or expl-3, the first to third endopodal or exopodal
segments of each leg. Sewell’s system is adopted for seta/spine armature of P1-P4, where setae
are denoted by Arabic numerals, and spines by Roman numerals (cf. Huys and Boxshall, 1991, fig.
1.5.7).



Taxonomic Notes

Family Cyclopidae Dana, 1846

Geom-mul-byeo-ruk-gwa (&=t &1})

Subfamily Cyclopinae Kiefer, 1927

Geom-mul-byeo-ruk-a-gwa (&t 5o}2})

Posterolateral corner of fifth pedigerous somite not pilose, without setules. P1-P4 biramous, basi-

cally with both exopods and endopods 3-segmented, but sometimes 2-segmented. P5 1- or 2-seg-
mented; free distal, exopodal segment bearing 1 spine and 1 seta.

W

NS G

*

GENERA 42 (12 in Korea), species 530 (36 in Korea).

Key to the genera of subfamily Cyclopinae

. P5 basis partly incorporated into fifth pedigerous somite; P3-P4 exopod 3-segmented, endopod
2-segmented ................................................................................................................. Itocyclops
P5 2-segmented, basis not fused with fifth pedigerous somite; P3-P4 exopod and endopod 3-
segmented ................................................................................................................................ 2
P5 basis fully incorporated into fifth pedigerous somite; P3-P4 exopod and endopod 2-segmented -

.................................................................................................................................................. 8
Spine on exopodal segment of P5 shorter than exopodal segment «««:-oveeeeeerermir. 3
— Spine on exopodal segment of P5 much 10nger than SEGIMENLE «+orvererrereressnnioniiiniiiniiiteane 7
Fourth and fifth pedigerous somites with wing-like protrusions posterolaterally; Fu elongated,
with longitudinal dorsal ridge -+ ssseessrrusmmisii i Cyclops
CRharacters IOt QS ADOVE +-+errrerererarsntatatanttntatenrnerteteneieatatenseaterensestsnensststensssseersnsssesnsnssessonsnsnes 4
P5 basis expanded laterally; exopod with minute spinule medially -««--veeeeeeeeeeeeeenee Megacyclops
P5 basis not expanded laterally; exopod with spine distally ...................................................... 5
Spine on P5 exopod shorter than width of exopod .................................................................... 6
Spine on P5 exopod longer than width of exopod «+++++wssssessrsessismnisiiisiiis Diacyclops
P1-P4 endopods 3-Segmented «-:+w+swessessusmsrisimisiiisii s Acanthocyclops
P1-P4 endopods 2-Segmented - - -+swsessrsersrmsmsssmssieii Monchenkocyclops
Spine on P5 exopod issuing from midway on inner margin of exopod «««+--sseeeeeeenees Mesocyclops
Spine on P5 exopod issuing from near distal end of exopod «+--«eeeseeeeeseeeeiieennee Thermocyclops
P5 exopod cylindrical, bearing minute spinule on inner margin of exopod ««««+ssseeerseeeesneeenne 8
— P5 exopod subtriangular, bearing prominent Spine -+« t«ssesessssssesesttninnninsiins Apocyclops
— P5 exopod shaped as a small protuberance, with 2 slender setae apically - Psammophilocyclops
P4 similar in size to P2 and P3, with normal intercoxal sclerite (coupler) -eeeeeeeeeennees Microcyclops

P4 much smaller than P2 and P3, with distinctly broadened intercoxal sclerite (coupler) -«
............................................................................................................................... Cryptocyclops
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Genus Cyclops O.F. Miiller, 1776

-

Cham-geom-mul-byeo-ruk-sok (3 &2H5<5)

Body length around 2 mm. Fourth and fifth pedigerous somites with wing-like protrusions pos-
terolaterally. Fu elongated, about 6-8 times longer than wide, with hairs along inner margin, and
longitudinal dorsal ridge. A1 17-segmented; distal end extending slightly beyond posterior margin
of second pedigerous somite. P5 2-segmented; free exopod bearing 1 subterminal spine and 1 apical
seta.

Type species: Cyclops strenuus Fischer, 1851.

SPECIES 135 (2 in Korea).

Key to the species of genus Cyclops

1. Spinules on caudal surface of A2 basis much enlarged distally, reaching nearly to basis of lateral

[l 7 BT R LR T L R R X LR R R C UlClTluS
— Spinules on caudal surface of A2 basis relatively small, not enlarged distally, far from level of
baSIS Of lateral [ - BT LR RLLTERRET R C klkuchll

1. Cyclops vicinus Uljanin, 1875 (Fig. 1)

Cham-geom-mul-byeo-ruk (ZHEH %)

Cyclops vicinus Uljanin, 1875, p. 30, pl. 10, figs. 1-7; Lilljeborg, 1901, p. 26, pl. 11, figs. 16-19; Gurney,
1933, p. 175, figs. 1549-1562; Rylov, 1948, fig. 43; Mizuno and Miura, 1984, p. 594, fig. 336; 1-2; Kim
and Chang, 1989 (part.), p. 239; Einsle, 1996, p. 26, fig. 16; Chang and Min, 2005, p. 65, fig. 34A-F;
Chang, 2009, p. 435, fig. 236.

Female: Body relatively small, about 1.4-2.3 mm long, excluding caudal setae. Prosome compris-
ing cephalothorax incorporating first pedigerous somite and 3 free pedigerous somites. Cephalo-
thorax slightly protruding anteriorly; much longer than next prosomites combined. Fourth and
fifth pedigerous somites typically with wing-shaped protrusion. Genital double-somite with sclero-
tized ridges dorsolaterally, each armed with 3 elements representing P6. Anal operculum rounded,
with smooth posterior margin.

Fu elongate, about 6-8 times longer than wide; rami nearly parallel to each other; with longitudinal
ridge dorsally and pilose inner face. Lateral caudal seta arising from about distal fifth of lateral
margin of ramus. Inner caudal seta longer than ramus, about 2.3 times as long as outer caudal seta.
Dorsal caudal seta arising slightly proximal to basis of inner caudal seta, slightly shorter than outer
caudal seta.

Al extending far past posterior margin of cephalothorax; 17-segmented. Last 3 segments elongated,
without conspicuous hyaline membrane along anterior margin. A2 3-segmented, comprising coxo-
basis and 2-segmented endopod. Coxobasis armed with 2 inner distal setae, and 1 outer distal seta
representing exopod; on caudal surface, about 20 or more spinules aligned along lateral margin,
increasing in size distally, distalmost spinule nearly reaching to level of outer distal seta; on frontal
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Fig. 1. Cyclops vicinus, female. A. habitus, dorsal; B. genital double-somite, ventral; C. A1l; D. A2
basis, frontal; E. A2 basis, caudal; E. P1; G. P4. Scales: A-C=100 um, D, E, H=20 um, F, G=50 um
(cited from Chang and Min, 2005).
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surface, 1 oblique row of minute spinules on inner distal corner.

P1-P4 biramous, both rami 3-segmented. Spine formula 2,3,3,3. Seta/spine armature of P1-P4
as follows:

Pl coxa0-1 basisl-1 expl-1;1-1;1,1,4 enpO0-1;0-2;1,L4

P2 coxa0-1 basis1-0 expl-1;1-1;1II,1,4 enp0-1;0-2;1,14

P3 coxa0-1 basis1-0 expl-1;1-1;1I1,4 enpO0-1;0-2;1,L4

P4 coxa0-1 basis1-0 expl-1;1-1;1I1,4 enp 0-1;0-2;1,II,2

P1, inner distal seta on basis slightly exceeding posterior end of enp2. P4 intercoxal sclerite (coupler)
with 1 transverse setule row in middle of caudal face; posterior margin of intercoxal sclerite and
both lateral lobes smooth. P4 enp3 about 3 times longer than wide; inner apical spine strong, nearly
as long as enp3, and about 2.3 times as long as outer apical spine.

P5 2-segmented; basis distinctly divided from fifth pedigerous somite, not expanded laterally;
exopod about 1.3-1.5 times longer than wide; outer distal margin slightly swollen, ornamented
with spinules; armed with 1 inner apical spine and 1 apcial plumose seta.

DISTRIBUTION: Korea, Japan, China, Russia, Europe.

KoOREA: All provinces.

SPECIMEN EXAMINED: GB: (Chunghyo Reservoir: 26.v.2012; rice paddies, Sangrim-ri, Gyeongsan:
6.vi.2012).

EcoLoGy: Dominant in the reservoirs and lakes of South Korea as plankters from autumn (Octo-
ber) to spring (May); often found in brackish waters; in warm water season (from June to early
September in South Korea), usually existing as copepodites only.

ReEMARKS: This species sometimes co-occurs with Cyclops kikuchii, which is distinguished from C.
vicinus by the spinule arrangement on the A2 basis (cf. Figs. 1D, E and 2D, E).

2. Cyclops kikuchii Smirnov, 1932 (Fig. 2)

Eo-ri-cham-geom-mul-byeo-ruk (o] 2] &4 &4 &)

Cyclops kikuchii Smirnov, 1932, p. 283, figs. 1-5; Kim and Chang, 1989 (part.), p. 239; Einsle, 1996, p.
28, fig. 17; Ishida, 2002, p. 52, fig. 19; Chang and Min, 2005, p. 67, fig. 34G, H; Chang, 2009, p. 438,
fig. 237.

Female: Similar in shape to preceding species. Body large, 1.4-2.1 mm long. Cephalothorax
slightly protruding anteriorly; much longer than next prosomites combined. Fourth and fifth pedi-
gerous somites typically with wing-shaped protrusion. Anal operculum convex, with smooth pos-
terior margin.

Fu elongate, about 6-8 times longer than wide; nearly parallel to each other; with longitudinal
ridge dorsally and pilose inner face. Lateral caudal seta arising from about distal fifth of lateral
margin of ramus. Inner caudal seta nearly as long as ramus, about 2.1 times as long as outer caudal
seta. Dorsal caudal seta arising slightly proximal to basis of inner caudal seta, slightly longer than
outer caudal seta.

Al 17-segmented, its tip slightly extending over second pedigerous somite. Last 3 segments elon-
gated, without conspicuous hyaline membrane along anterior margin. A2 3-segmented, comprising
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Fig. 2. Cyclops kikuchii, female. A. habitus; B. fifth pedigerous somite and genital double-somite,
ventral; C. anal somite and Fu, dorsal; D. A2 basis, frontal; E. A2 basis, caudal; F. P1; G. P4. Scales:
A=200 um, B, C, F, G=100 um, D, E=50 um (cited from Chang and Min, 2005).
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coxobasis and 2-segmented endopod. Coxobasis armed with 2 inner distal setae, and 1 outer distal
seta representing exopod; on caudal surface, about 15 spinules aligned along lateral margin, not
conspicuously increasing in size distally, distalmost spinule not reaching to distal quarter of outer
margin; on frontal surface, spinules on inner distal corner well developed, acute, extending slightly
over posterior margin of A2 basis.

P1-P4 biramous, both rami 3-segmented. Spine formula 2,3,3,3. Seta/spine armature of P1-P4
identical to that of preceding species.

P5 2-segmented; basis distinctly divided from fifth pedigerous somite, not expanded laterally;
exopod about 1.3-1.5 times longer than wide; outer distal margin slightly swollen, ornamented with
spinules; armed with 1 inner apical spine and 1 apical plumose seta.

DisTRIBUTION: Korea, Japan, Russia, eastern Europe, Germany.

Korea: All provinces.

SPECIMEN EXAMINED: GB: (Muncheon Reservoir, Gyeongsan: 23.v.2012; lotus swamp, Pyeongsa-ri,
Gyeongsan: 24.iii.2012).

EcoLoGY: Occurring in lakes, reservoirs, marshes and streams, especially abundant in the cold-
water season, between late autumn and early spring in Korea; found also in brackish waters.

REMARKS: This species is rarer than Cyclops vicinus in Korea, and often co-occurs with C. vicinus.

Genus Megacyclops Kiefer, 1927

Ko-kki-ri-geom-mul-byeo-ruk-sok (7] 2] H &1 5 <%)

Body very large, about 1.7-2.3 mm long. Fu about 3.5-4.0 times longer than wide, with hairs
along inner margin. A1l 17-segmented; distal end not reaching posterior margin of cephalothorax.
P5 2-segmented; basal segment expanded laterally, with 1 long lateral seta; free exopod bearing 1
inner spinule and 1 long apical seta.

Type species: Megacyclops viridis (Jurine, 1820).

SPECIES 12 (2 in Korea).

Key to the species of genus Megacyclops

1. Fu pilose with 4 bundles of hairs along inner margin; P4 enp3 with inner spine longer than outer
spine; P4 intercoxal sclerite (coupler) with 1 transverse row of 8-14 setules loosely arrayed -«
..................................................................................................................................... M. viridis

— Fu hirsute on inner face; P4 enp3 with inner spine shorter than outer spine; P4 intercoxal sclerite
(coupler) with 1 transverse row of 14-18 dentate spinules densely arranged -« M. magnus
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3. Megacyclops viridis (Jurine, 1820) (Fig. 3)

Ko-kki-ri-geom-mul-byeo-ruk (7] 2] H & ¥ &)

Monoculus quadricornis viridis Jurine, 1820, pl. 3, fig. 1.

Cyclops viridis: Fischer, 1851, p. 412, pl. 9, figs. 1-11.

Cyclops (Megacyclops) viridis: Kiefer, 1929, p. 53, fig. 17(a-b).

Cyclops (Acanthocyclops) viridis: Gurney, 1933, p. 185, figs. 1563-1582.

Acanthocyclops viridis: Rylov, 1948, p. 215, fig. 45(1-7).

Acanthocyclops (Megacyclops) viridis viridis: Dussart, 1969, p. 138, fig. 63.

Acanthocyclops (Megacyclops) viridis: Tai and Chen, 1979, p. 364, fig. 121.

Megacyclops viridis: Mizuno and Miura, 1984, p. 606, fig. 343(1-8); Kim and Chang, 1989, p. 239, fig.
7c-h; Einsle, 1996, p. 46, fig. 28; Ishida, 2002, p. 54, fig. 23a-g; Chang and Min, 2005, p. 68, fig.
35A-D; Chang, 2009, p. 440, fig. 239.

Female: Body largest among freshwater cyclopoid species from Korea, about 1.5-2.3 mm long;
generally colored brown, often entire body daubed with mud. Prosome ovoid, comprising more
than two-thirds of entire body; maximum width at posterior end of cephalothorax. Cephalothorax
slightly protruding anteriorly; more than 2 times longer as long as next prosomites combined. Uroso-
mites with serrated hyaline frill along posterior margin. Genital double-somite slightly longer
than wide; sclerotized wrinkles apparent dorsolaterally, armed with 3 elements, representing P6.
Anal operculum rounded, with smooth posterior margin.

Fu elongate but stout, about 3.5-4.0 times longer than wide; slightly divergent posteriorly. Inner
margin ornamented with 4 bundles of hairs; proximal 1/4 of lateral margin interrupted by minute
spinules. Lateral caudal seta arising from distal quarter of lateral margin of ramus. Inner caudal
seta about 3 times longer than outer caudal seta. Outer caudal seta slightly shorter than ramus.
Dorsal caudal seta short, slightly longer than half length of ramus.

A1 not reaching to posterior margin of cephalothorax; 17-segmented.

P1-P4, both endopods and exopods 3-segmented. Spine formula 2,3,3,3. Inner distal seta on P1
basis nearly reaching to posterior end of enp2. P4 enp3 about 2.5 times as long as wide; inner apical
spine nearly as long as enp3 or slightly shorter, about 1.1-1.2 times longer than outer apical spine.
P4 intercoxal sclerite (coupler) with 1 transverse row of 8-14 setules along midline of coupler. Seta/
spine armature of P1-P4 as follows:

P1 basis1-1 expl-1;I-1;1,1,3 enpO0-1;0-2;,1,L4

P2 basis1-0 expl-1;1-1;1I,1,3 enp0-1;0-2; 1,14

P3 basis1-0 expl-1;1-1;1I,1,3 enp0-1;0-2; 1,14

P4 basis1-0 expI-1;1-1;1IL1,3 enp 0-1;0-2; 1II,2

P5, basal segment strikingly enlarged laterally, with a basal seta poking out of lateral side of fifth
pedigerous somite, in dorsal view. Exopod relatively small, about 1.5 times as long as wide; medial
spine minute, issuing from nearly middle of inner margin of exopod.

DisTrRIBUTION: Cosmopolitan.

KoOREA: All provinces.

SPECIMEN EXAMINED: GB: (Yeonji pond, Gyeongsan: 28.iii.2012; rice paddies, Daebo, Pohang: 20.vi.
2012); GN (Upo-nup Swamp, Changnyeong: 22.vii.2012; Jinnal-nup Swamp: 29.iv.2011); JJ: (man-
made cave, Suwolbong, Gosan, Jeju Island: 13.v.2012).
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Fig. 3. Megacyclops viridis, female. A. habitus; B. anal somite and Fu, dorsal; C. P5 and genital double-
somite, ventral; D. Al; E. P1; F. P4. Scales: A=50 um, B-F=50 um (cited from Chang and Min, 2005).
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EcoLogy: Although it occurs year-round in Korea, this species seems to favor the small, stagnant,
warm waters such as ricefields, bogs, and marshes, especially in summer. Sometines this species is
also found in semi-subterranean waters such as springs and wells, and in salt marshes in South
Korea.

4. Megacyclops magnus (Marsh, 1920) (Figs. 4, 5)

Deong-chi-geom-mul-byeo-ruk (4 2| H &5 =)

Cyclops magnus Marsh, 1920, p. 8, pl. 3, figs. 11, 12, 14, pl. 4, figs. 1, 5.
Megacyclops magnus: Einsle, 1996, p. 51, fig. 31; Ishida, 2002, p. 54, fig. 23h-k; Lee, Kim, Choi and
Chang, 2007, p. 155, figs. 2, 3; Chang, 2009, p. 442, figs. 240, 241.

Female: Body slightly smaller than that of M. viridis, 1.1-1.7 mm long; tinged milky white. Pro-
some ovoid; maximum width at posterior end of cephalothorax. Cephalothorax about 1.3 times
longer as long as next prosomites combined. Urosomites with serrated hyaline frill along posterior
margin. Genital double-somite nearly as long as wide. Anal operculum rounded, with smooth
posterior margin.

Fu about 4 times as long as wide. Inner (medial) margin pilose, with irregularly arranged hairs;
dorsal surface of rami rough. Lateral seta inserted at about distal 1/4 of lateral margin of ramus;
proximal 1/4 of lateral margin interrupted by minute spinules; outer caudal seta nearly 2/3 times
as long as Fu, and slightly more than half length of inner caudal seta; dorsal caudal seta nearly as
long as outer caudal seta.

Al nearly reaching posterior margin of cephalothorax, consisting of 17 segments. A2 basis orna-
mented with 7-8 slender spinules near middle of outer margin of frontal face; with 8-9 spinules
along outer margin of caudal face; smooth on outer and inner distal corners of both faces.

P1-P4, both exopods and endopods 3-segmented; spine formula 2,3,3,3. All intercoxal sclerites
(couplers) each with 2 naked lateral lobes, without particular setule/spinule ornamentation on
distal margin of caudal face. P4 coupler with 1 row of 12-17 spinules along middle of caudal face,
both ends of spinule row pointing proximally; enp3 about 2.2 times longer than wide, nearly as
long as outer spine or slightly longer; outer spine 1.1-1.2 times longer than inner spine; plumose
setae of enp3 not transformed into spiniform setae, not exceeding end of outer spine.

P5 composed of 2 free segments; basal segment enlarged laterally, about 1.8 times longer than
wide; distal segment with 1 minute spine medially and 1 long plumose seta apically.

Male: Body about 0.8 mm long; more slender than female. P5 small, slightly longer than wide.
P6 comrising 1 inner spine, 1 medial seta, and 1 long outer seta.

DisTRIBUTION: Korea, Japan (northern Honshu, Hokkaido), Russia (Kamchatka and Okhotsk),
Alaska.

Korea: GW, GB.

SPECIMEN EXAMINED: GB: (Jangsacheon Stream, Yeongdeok: 28.vii.2012).

EcoLogy: This species is known as a boreal species, restricted to the Far East (Hokkaido, northern
Honshu, Kamchatka, and Okhotsk) and Alaska, so this record from the caves in southern Gangwon-
do Province is tentatively the southern limit of the geographical distribution of this species (Lee,
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Fig. 4. Megacyclops magnus. Female: A. habitus; B. anal somite and Fu, dorsal; C. A1; D. A2 basis,
frontal; E. A2 basis, caudal; F. P5. Male: G. habitus; H. P5, P6 and genital somite, ventral. Scales:
A=100 um, B-H=50 um (cited from Lee, Kim, Choi and Chang, 2007).
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Fig. 5. Megacyclops magnus, female.

Chang, 2007).
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Kim, Choi, and Chang, 2007). In Korea, this species occurs in caves and streams.

ReEMARKS: This species differs from Megacyclops viridis by the following characteristics: outer
spine on P4 enp3 longer than inner spine (versus inner spine longer in M. viridis); 14-18 spinules
densely arranged in the middle of caudal face of intercoxal sclerite (coupler) of P4 (versus 6-8 slender
spinules rather sparsely arranged in M. viridis); the inner caudal seta slightly (about 1.1-1.2 times)
longer than Fu (versus more than 1.5 times, and nearly 2 times longer in M. viridis).

Korean specimens coincide well with Japanese specimens except for a minor discrepancy of the
spinule row on the coupler of P4 (the spinule row consisting of 16-18 spinules without a gap in the
middle of the row, versus about 12 spinules with a gap in Japanese specimens) (Lee, Kim, Choi,
and Chang, 2007).

Genus Acanthocyclops Kiefer, 1927

Ga-si-geom-mul-byeo-ruk-sok (A 4 &2 H 5 %)

Body relatively large, 1.0-1.5 mm long. Posterolateral corners of fourth pedigerous somite slightly
protruding. Fu 4-5 times longer than wide, generally without hairs along inner margin. A1l basically
17-segmented. P5 2-segmented; basis not broadened laterally; exopod armed with 1 short inner
spine and 1 long outer seta apically.

Type species: Acanthocyclops vernalis (Fischer, 1853).

SPECIES 63 (6 in Korea).

Key to the species of genus Acanthocyclops

1. P5 exopod with 1 spine; P4 enp3 with 2 spines distally «+w-sseessesmsmmsiimsiisiies 2
— P5 exopod with 2 spines; P4 enp3 with 1 spine distally ««::-oeoeeeeeereemiemninnn.. A. fonticulus
2. Fu pilose along iNNer Margin « - «s-swwssressesssmssmssissirise s A. tokchokensis
— Fu bare along inner margin ....................................................................................................... 3
3. Fu 2.5-3.0 times longer than wide; inner spine on P4 enp3 more than 1.5 times as long as outer

SPITIE +++esessese e s A. sensitious
— Fu 4-6 times longer than wide; inner spine on P4 enp3 nearly as long as outer spine «:--::--:-- 4
4. Setae on P4 enp3 and exp3 not modified; outer terminal caudal seta normally plumose -+« 5
— Setae on P4 enp3 and exp3 spiniform; outer terminal caudal seta pectinate ----«-+------ A. robustus
5. Outer spine on P4 enp3 longer than inner spine; spinule row on P4 intercoxal sclerite (coupler)

diSCONHNUOUS MEdAlly ++++rsvsersrssessssrssessssesset st A. vernalis

— Outer spine on P4 enp3 shorter than inner spine; spinule row on P4 intercoxal sclerite (coupler)
Continuousl Wlthout gap medlally ............................................................................ A Orlentalls
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5. Acanthocyclops vernalis (Fischer, 1853) (Fig. 6)

Ga-si-geom-mul-byeo-ruk (7HA| 4= H %)

Cyclops vernalis Fischer, 1853, p. 90, pl. 3, figs. 1-5.

Cyclops (Acanthocyclops) vernalis: Kiefer, 1929, p. 54, fig. 18(a-b); Gurney, 1933, p. 198.

Acanthocyclops vernalis: Rylov, 1948, p. 223, fig. 47(1-4); Mizuno and Miura, 1984, p. 591(1-8); Ishida,
2002, p. 54, fig. 24a-i; Chang and Min, 2005, p. 70, fig. 35E, F; Chang, 2009, p. 446, fig. 243.

Acanthocyclops (Acanthocyclops) vernalis: Dussart, 1969, p. 125; Tai and Chen, 1979, p. 363, fig. 211.

Female: Body relatively small, about 1.1-1.5 mm long, excluding caudal setae. Prosome comprising
cephalothorax incorporating first pedigerous somite and 3 free pedigerous somites. Posterolateral
corners of fourth and fifth pedigerous somites slightly protruding. Genital double-somite about
1.2-1.3 times longer than wide, anterior part laterally swollen. Genital double-somite and next two
urosomites with serrated hyaline fringe along posterior margin. Anal operculum gently rounded,
with smooth posterior margin.

Fu elongate, about 4-5 times longer than wide; divergent posteriorly. Inner margin not haired;
lateral margin interrupted at proximal 1/4-1/5 by minute spinules. Lateral caudal seta situated at
distal quarter of lateral margin of ramus. Inner caudal seta naked, slightly shorter than ramus, about
1.3 times longer than outer caudal seta. Dorsal caudal seta 0.9 times as long as inner caudal seta,
slightly longer than outer caudal seta. Outer terminal caudal seta not pinnate, normal plumose
seta.

A1 slightly exceeding posterior margin of cephalothorax; 17-segmented; segments 12 and 17 each
armed with aesthetasc. A2 basis ornamented with 5-6 spinules near middle of outer margin of
frontal face; with 7-8 spinules along outer margin of caudal face; smooth on outer and inner distal
corners of both faces.

P1-P4, both exopods and endopods 3-segmented; spine formula 2,3,3,3 (or 3,4,4,4). Seta/spine
armature of P1-P4 as follows:

P1 basis1-1 expl-1;1I-1;1,1,3 enp0-1;0-2; 1,13

P2 basis1-0 expl-1;1-1;1I,1,3 enp0-1;0-2; 1,14

P3 basis1-0 expl-1;I-1;1I,1,3 enp0-1;0-2; 1,14

P4 Dbasis1-0 expl-1;1-1;1I,1,3 enp 0-1; 0-2; 1,IL,2

P4 coupler ornamented with 1 transverse row of 10-12 spinules on caudal face, with a gap in the
middle; enp3 about 2.5-3.0 times longer than wide, about 1.5-1.8 times as long as outer spine; outer
spine slightly longer than inner spine; plumose setae of exp3 and enp3 not transformed into spini-
form setae; outer seta on enp3 not exceeding end of outer spine.

P5 composed of 2 free segments; basal segment not enlarged laterally; free exopod armed with 1
short inner spine and 1 long outer seta apically.

Male: Body about 0.8-0.9 mm long; more slender than female. P5 small, about 1.2 times longer
than wide. P6 comrising 1 inner spine, 1 medial seta, and 1 long outer seta.

DisTRIBUTION: Korea, Japan, China, Russia, Europe, North America.

Korea: GW, GN, GB, J].

SPECIMEN EXAMINED: GW: (Chodang cave, Samcheok: 12.v.1994); GN: (estuary of Nakdong River,
Busan: 12.v.2005).

EcoLoGY: Mostly occurring in mountain streams and springs in Korea.
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Fig. 6. Acanthocyclops vernalis. Female: A. habitus; B. anal somite and Fu, dorsal; C. A2 basis, frontal;
D. A2, caudal; E. P4. Male: F. P5 and genital somite, ventral. Scales: A=100 um, B-F=50 um (cited
from Chang, 2009).
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6. Acanthocyclops orientalis Borutzky, 1966 (Figs. 7, 8)

Dong-bang-ga-si-geom-mul-byeo-ruk (5174 H 51 £)

Acanthocyclops vernalis orientalis Borutzky, 1966, p. 772, fig. 2.
Acanthocyclops orientalis: Dussant and Defaye, 1985, p. 80; Reid et al., 1991, p. 145; Lee, Kim, Choi
and Chang, 2007, p. 159, figs. 4, 5; Chang, 2009, p. 449, figs. 244, 245.

Female: Body relatively large, about 7.2-0.9 mm long excluding caudal seta. Tinged with milky
gray. Prosome oval, 1.1 times longer than urosome. Rostrum reduced. Cephalothorax somewhat
protruding anteriorly, about 1.5 times longer than next three thoracic somites combined. Nauplius
eye not observed. Genital double-somite 1.2 times longer than wide, anterior half moderately swollen
laterally. Pedigers 4 and 5 moderately protruding posterolaterally. Posterior margins of all uroso-
mites with hyaline fringes weakly crenulated; posterior margin of anal somite with 15-20 fine spin-
ules ventrally. Anal operculum slightly convex, smooth on posterior margin.

Fu about 4.0-5.5 times as long as wide, without hairs along inner (medial) margin. Lateral margin
smooth without interruption at proximal quarter; lateral seta inserted at about posterior quarter of
lateral margin of ramus. Outer caudal seta about 1/2 times as long as Fu, and slightly less than
2/3 times length of inner caudal seta. Dorsal caudal seta slightly shorter than inner caudal seta,
and about 3/4 times as long as Fu.

Al 17-segmented, slightly shorter than posterior margin of cephalothorax; 12th segment bearing
1 aesthetasc on lateral margin, its tip extending well beyond posterior margin of 14th segment. A2,
both frontal and caudal face of basis smooth distally; caudal face of basis ornamented with 5-6 long
setules near middle of outer margin.

P1-P4, all exopods and endopods 3-segmented. Spine formula 2,3,3,3. Seta formula (number of
setae on exp3 of P1-P4) 4,4,4,4. Spine/ seta armature of P1-P4 same as in preceding species. Inter-
coxal sclerites (couplers) of P1-P3 each with 2 lateral lobes, each ornamented with 1 curved row of
hairs distally and medially. Distomedial corner of basis of P1 with 1 long seta, exceeding enp2. P4,
lateral lobes of coupler not protruding; posterior margin smooth; 19-20 slender spinules densely
arranged in 1 row in middle of caudal face, both lateral ends curved proximally; spinule row present
along posterior margin of coxa, with a gap between two groups of spinules with different sizes and
shapes; enp3 about 2.5-3.0 times as long as wide; inner apical spine about 1.2 times as long as outer
apical spine, about 3/4 times as long as enp3; setae of enp3 not transformed into spiniform seta;
inner setae extending well beyond tip of inner spine, while outer seta nearly reaching or only slightly
exceeding it.

P5 2-segmented; basal segment slightly enlarged laterally, about 1.5 times wider than long, with 1
seta distolaterally. Exopod about 2 times longer than wide, with 1 inner spine and 1 long plumose
apical seta; inner spine rather short (less than half length of distal segment). P6 represented by 2
strong conical projections and 1 long plumose seta, located on dorsolateral part of genital double-
somite.

Male: P5, exopod about 1.5 times as long as wide, slightly swollen medially, with 1 very short
inner spine, located subdistally. P6 armed with innermost spine, median seta (nearly as long as
inner spine), and outer seta (about 2 times longer than inner spine).

DIsTRIBUTION: Korea, Russia (Maritime Territory, the Far East).
Korea: GW, CB, GB.



22 Invertebrate Fauna of Korea - Continental Cyclopoids II

Fig. 7. Acanthocyclops orientalis. Female. A.habitus; B. anal somite and Fu, dorsal (left) and ventral
(right); C. A1; D. A2 basis, frontal; E. A2 basis, caudal; F. P5. Male: G. fifth pedigerous somite and
genital somite, ventral. Scales: A=100 um, B-G=50 um (cited from Lee, Kim, Choi and Chang, 2007).
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SPECIMEN EXAMINED: GB: (Seongryu Cave, Uljin: 2.viii.2010, 10.v.2012).

EcoLoGy: Found in limestone caves and nearby springs in South Korea.

REMARKS: This species was described from a cave in the Maritime Territory (Primorsky Krai) of
Russia by Borutzky (1966), as a subspecies of Acanthocyclops vernalis. In spite of his insufficient and
inadequate figures and brief discussion in Russian without description, A. orientalis can be recognized
as a valid species distinguished from A. vernalis as Petkovski (1975) mentioned, and identified with
Korean specimens in having the longer inner spine on P4 enp3 (versus outer spine usually longer
in A. vernalis) and the elongate setae on P4 enp3 (much exceeding the spines on enp3 in A. orientalis,
versus usually not reaching the tip of outer spine in A. vernalis). Moreover, based on Korean speci-
mens, A. orientalis shows some consistent discrepancies from A. vernalis, as follows: (1) small body
(0.8-0.9 mm), versus usually much more than 1 mm in A. vernalis; (2) posterolateral edges of pedi-
gerous somites 4 and 5 not strongly protruded; (3) the lateral margin of Fu without interruption at
proximal quarter; (4) a row of 18-19 spinules on the caudal face of coupler of P4 densely arranged
and not interrupted in the middle of the spinule row, versus 8-9 spinules sparsely arranged, some-
times with a gap in the middle of the row in A. vernalis; (5) spinule row along the posterior margin
of the coxa shows a gap between two groups of spinules with different sizes and shapes, versus the
spinule row consisting of similar spinules without a gap in the middle in A. vernalis; (6) dorsal caudal
seta about 1.5 times longer than outer caudal seta (versus nearly equal in length or less than 1.2 times
longer in A. vernalis). “Acanthocyclops cf. orientalis” sensu Petkovski (1975) from Jugoslavia differs from
Borutzky’s figure as well as from Korean specimens in having the dorsal caudal seta shorter than
the outer caudal seta and the presence of an interruption on the lateral margin of the Fu. Because
Borutzky did not describe the intercoxal sclerite (coupler) and coxa of P4, we cannot confirm the
spinule arrangement, which is highly consistent in Korean specimens.

The Korean specimens, found in five limestone caves, show the above characteristics rather con-
sistently. In Hwaam-gul Cave, Jeongseon, this species co-occurred with A. vernalis, where the two
species showed character displacement, that is, emphasizing their morphological discrepancies for
sexual isolation between the two species. This species frequently co-occurs with Attheyella coreana
Miura, 1969 (Lee, Kim, Choi and Chang, 2007).

7. Acanthocyclops robustus (Sars, 1863) (Fig. 9

)
Teun-teun-ga-si-geom-mul-byeo-ruk (EE7IA| HEH %)

Cyclops robustus Sars, 1863, p. 245; Sars, 1914, p. 45.

Cyclops (Acanthocyclops) robustus: Kiefer, 1929, p. 55.

Cyclops vernalis var. robustus: Gurney, 1933, p. 201, fig. 1612.

Acanthocyclops vernalis var. robustus: Rylov, 1948, p. 226, fig. 47.

Acanthocyclops (Acanthocyclops) robustus: Dussart, 1969, p. 126, fig. 56.

Acanthocyclops robustus: Petkovski, 1975, p. 107, figs. 21-41; Reid et al., 1991, p. 145; Ishida, 2002, p.
55, fig. 24j-n; Lee, Kim, Choi and Chang, 2007, p. 162, fig. 6; Chang, 2009, p. 453, fig. 246.

Female: Body relatively small, about 1,100-1,300 um long. Pedigers 4 and 5 protruding postero-
laterally. Anterior part of genital double-somite swollen laterally. Seminal receptacle lip-shaped,
both upper and lower parts narrow.
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Fig. 9. Acanthocyclops robustus, female. A. habitus; B. anal somite and Fu, dorsal; C. P5 and genital
somite, ventral; D. A2 basis, frontal; E. A2 basis, caudal; F. P4. Scales: A=100 um, B-F=50 um (cited
from Lee, Kim, Choi and Chang, 2007).
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Fu 4.0-4.5 times as long as wide, with 4-6 bands of minute spinules on both dorsal and ventral
surfaces; inner (medial) margin smooth; lateral seta inserted at about posterior 1 /4 of lateral margin
of ramus; outer caudal seta slightly less than 3/4 times as long as inner caudal seta; dorsal caudal
seta slightly longer than outer caudal seta, but shorter than inner caudal seta; outer terminal caudal
seta stout, pinnate with spinules along distal 2/3 of seta.

A1 17-segmented, not reaching posterior margin of cephalothorax. Antennary basis smooth at
distal part of both frontal and caudal faces, with 7-8 spinules along middle of outer margin of cau-
dal face.

P1-P4, both exopods and endopods 3-segmented; spine formula 3,4,4,4. P4, enp3 about 2.3 times
as long as wide, about 1.5 times longer than outer spine; outer spine slightly (1.1 times) longer than
inner spine; outer seta modified into spiniform, nearly as long as outer spine; inner setae also trans-
formed into spiniform setae, not reaching tip of spines; exp3 with 4 inner setae, distal three of which
modified into spiniform.

P5, proximal segment slightly enlarged laterally, about 1.5 times wider than long; distal segment
about 1.5-2 times longer than wide, with 1 short inner distal spine and 1 long apical seta. P6 repre-
sented by 3 conical projections on wrinkled genital operculum, located dorsally on both sides of
anterior part of genital double-somite.

DISTRIBUTION: Korea, Japan, Russia, Europe, North America.

Korea: GW.

SPECIMEN EXAMINED: GW: (Sohan-gul Cave, Samcheok: 12.v.1994).

EcoLoGy: Found in a mountain bog, flowing from a limestone cave in Korea.

REMARKS: This species is closely allied with Acanthocyclops vernalis and A. orientalis. This species
resembles A. vernalis in general appearance (especially the produced distolateral margins of pedi-
gers 4 and 5), the shape of Fu with the relative length ratios among caudal setae, the shape of P4
enp3 and the relative length between its two apical spines, and the spinulation on the basis of the
antennal exopod. However, A. robustus differs from A. vernalis by the transformed spiniform setae
on P4 enp3 and exp3, the pinnate outer terminal caudal seta, the spine formula (usually 3,4,4,4 in
A. robustus, against 2,3,3,3 in A. vernalis), and anterior part of the genital double-somite with a
rounded lateral margin (Lee, Kim, Choi and Chang, 2007).

8. Acanthocyclops sensitivus (Graeter and Chappuis, 1914) (Fig. 10)
Mong-dang-ga-si-geom-mul-byeo-ruk (5 G 74| HEH5)

Cyclops sensitivus Graeter and Chappuis, 1914, p. 507.

Cyclops (Acanthocyclops) sensitivus: Kiefer, 1929, p. 58.

Acanthocyclops sensitivus: Rylov, 1948, p. 238, fig. 52(1-2); Einsle, 1996, p. 68, fig. 48; Chang and Min,
2005, p. 72, fig. 36; Chang, 2009, p. 455, fig. 248.

Acanthocyclops (Acanthocyclops) sensitivus: Dussart, 1969, p. 133, fig. 61.

Female: Body relatively small, 720-830 um long; tinged milky white. Prosome suboval. Cephalo-
thorax protruding anteriorly, much longer than next 3 prosomites combined, widest at posterior mar-
gin; posterolateral corner of each prosomites not protruding. Urosomites except anal somite with
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A

Fig. 10. Acanthocyclops sensitivus, female. A. habitus, dorsal; B. anal somite, dorsal (left) and ventral
(right); C. genital double-somite; D. Al; E. P1; F. P4; G. P5. Scales: A=100 um, B-G=50 um (cited
from Chang and Min, 2005).
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serrated hyaline fringe along posterior margin. Genital double-somite slightly longer than wide,
with anterior part slightly swollen laterally. Seminal receptacle butterfly-shaped, posterior part well
developed. Anal operculum convex, with smooth posterior margin.

Fu stout, about 2.5-3.0 times longer than wide; slightly divergent posteriorly; medial face not hairy;
lateral margin smooth without notch and spinules except a few spinules at base of outer caudal seta.
Lateral caudal seta lying at about distal third. Inner caudal seta about 1.3 times as long as Fu, 2.1-
2.3 times as long as outer caudal seta. Outer caudal seta normally plumose, not modified, about
1/2 times longer than Fu. Dorsal caudal seta slightly shorter than outer caudal seta.

A1l nearly reaching to posterior margin of cephalothorax; 17-segmented, with aesthetasc on
segment 12 and last segment.

P1-P4 biramous, both rami 3-segmented. Spine formula 2,3,3,3. Seta/spine armature of P1-P4
as follows:

P1 coxa0-1 basisl-1 expl-0;1-1;1,1,3 enp0-1;0-1;1,L4

P2 coxa0-1 basis1-0 expl-0;1-1;1I[1,3 enp0-1;0-1;1,L4

P3 coxa0-1 basis1-0 expl-0;1-1;1I1,3 enpO0-1;0-1;1,L4

P4 coxa0-1 basis1-0 expl-0;1-1;1I1,3 enp 0-1;0-1; 1,II,2

P1, inner distal seta on basis extending slightly beyond middle of enp3. Intercoxal sclerites of
P1-P4 with lateral expansions not produced, with smooth posterior margin, lacking transverse spin-
ule row in middle of caudal surface. P4 enp3 about 1.6 times longer than wide; inner apical spine
curved inward, much shorter (0.8 times) than enp3, about 1.7 times longer than inner apical spine;
both inner setae normal, not deformed.

P5 2-segmented; basal segment slightly expanded laterally, about 2.5 times as broad as long;
exopod small, about 1.5 times as long as wide, armed with 1 short subapical spine and 1 apical
seta.

DisTRIBUTION: Korea, Europe.

Korea: CB, GB, JB.

SPECIMEN EXAMINED: GB: (well, Gyeongsan: 12.vi.2009).

EcoLOGY: Subterranean species, usually occurring in wells and springs.

9. Acanthocyclops tokchokensis Kim and Chang, 1991 (Figs. 11, 12)

Deok-jeok-ga-si-geom-mul-byeo-ruk (5 27X  EH E)

Acanthocyclops tokchokensis Kim and Chang, 1991, p. 300, figs. 1-3; Chang and Min, 2005, p. 72, fig.
37; Chang, 2009, p. 457, figs. 249, 250.

Female: Body about 930 um long, excluding caudal seta. Prosome oblong-oval, much longer than
urosome (1.45 times); widest at posterior margin of cephalothorax, gradually tapering behind. Cep-
halothorax somewhat protruding anteriorly, more than 2 times longer than next 3 thoracic somites
combined. Posterior corners of thoracic somites slightly projected. Genital double-somite as long
as wide, or slightly wider than long; both sides of dorsal surface near proximal quarter of genital
double-somite with a few sclerotized folds and wrinkles with 2 strong conical projections and 1 spine.
Seminal receptacle not well defined. Posterior margins of all abdominal segments coarsely fringed.
Anal operculum slightly convex and smooth on its posterior margin.
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Fig. 11. Acanthocyclops tokchokensis, female. A. habitus, dorsal; B. P5 and genital somite; C. P6; D.
anal somite and Fu, dorsal; E. P1; F. P2; G. P3; H. P4. Scales: A=100 um, B, D-H=50 um, C=20 um
(cited from Kim and Chang, 1991).
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Fig. 12. Acanthocyclops tokchokensis, male. A. habitus, dorsal; B. P5 and urosome; C. Al; D. P1; E.
P4. Scales: A=100 um, B-E=50 um (cited from Kim and Chang, 1991).

Fu nearly parallel, 3.25 times as long as wide, with fine hairs along inner lateral margin. Lateral
caudal seta inserted at a distance from base of ramus, equal to about 71% of length of ramus; slightly
longer than width of ramus itself. Inner caudal seta 2.32 times longer than outer caudal seta. Dorsal
caudal seta about 1.8 times longer than outer apical seta. Inner terminal caudal seta about 1.7 times
longer than outer seta, and nearly 2/3 times as long as length of entire body.
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A1 slightly longer than cephalothorax when reflexed, 17-segmented; last segment with no distin-
guishable hyaline lamella, much longer than penultimate and antepenultimate segments; segment
12 with slender asthetasc not reaching distal margin of segment 14. A2 consisting of 4 segments;
coxobasis bearing a long seta on inner distal corner, with a few groups of spinules on both surfaces;
last endopodal segment with 7 curved setae of varying lengths. Mandible, maxillule, maxilla, and
maxilliped as illustrated.

P1-P4 3-segmented. Spine formula 3,4,4,4. Seta/spine armature of P1-P4 as follows:

P1 coxa0-1 basis1l-1 expl-1;1-1;1,1,4 enpO0-1;0-2; 1,14

P2 coxa0-1 basis1-0 expl-1;I-1;1I[4 enp0-1;0-2;1,14

P3 coxa0-1 basis1-0 expl-1;I-1;1I[4 enp0-1;0-2;1,14

P4 coxa0-1 basis1-0 expl-0;I-1;1IL4 enp 0-1;0-2; 1,11,2

Intercoxal sclerite (coupler) of P1 with 2 naked lateral lobes; stout seta on inner corner of basis
reaching middle of enp2. P4 enp3 somewhat elongated, about 1.8 times as long as wide; apical
spines of enp3 nearly equal in length (or outer spine slightly longer than inner one), about 3/4
times as long as the segment; coupler without tubercles, spinules or hairs.

P5 basis not enlarged, about 2 times broader than exopod; exopod 1.46 times longer than wide.
Inner spine rather short (less than half length of distal segment), located nearly on distal end.

Male: Body length 720 um. Prosome much more slender than in female. Genital somite 1.3 times
wider than long. Fu somewhat shorter than in female, about 2.9 times as long as wide, and inner
margin with short hairs. P4 enp3 1.9 times longer than wide; outer apical spine slightly longer than
inner one (1.1 times), but shorter than enp3(0.81 times). P6 with 1 innermost spine and 2 outer setae,
of which inner seta markedly shorter than outermost seta.

DisTRIBUTION: Korea.

Korea: GG, GB.

SPECIMEN EXAMINED: GB: (spring, Gyeongju: 18.viii.2011).

EcoLoGy: Inhabiting wells not far from seashore in South Korea.

REMARKS: This species has a 17-segmented Al, which distinguishes it from the other troglobiotic
or highly differentiated subterranean congeneric species with 11- or 12-articulated A1l such as
Acanthocyclops kieferi (Chappuis, 1925), A. venustus (Norman and Scott, 1906), A. miurai (Ito, 1957),
A. morimotoi (Ito, 1952), etc.

Among the other species with 17-segmented A1, A. tokchokensis, A. gordani Petkovski, 1971, and
A. cephallenus Pesce, 1978/1979 are quite characteristic in possessing the intermediate features of
Acanthocyclops and Megacyclops, for instance, the relatively short Fu with its inner margin sparsely
haired, suggesting that the above three species are closely related to the genus Megacyclops, as
Petkovski (1971) and Pesce (1978-1979) appropriately pointed out. Although A. tokchokensis resem-
bles especially M. viridis in many aspects such as the 17-segmented A1, shape of the Fu, and shape
of the P4 enp3 including the apical spines on it, it is discernable from M. viridis by the spine formula
as well as the non-enlarged proximal segment of P5 and the inner spine located nearly on the distal
end of the distal segment of P5, which confirms the former as a member of the genus Acanthocyclops.
Acanthocyclops tokchokensis is distinguished from A. gordani Petkovski by the spine formula and the
P4 enp3 that is longer than its apical spines; and from A. cephallenus Pesce by the spine formula,
somewhat more slender Fu, and P4 enp3 with the outer apical spine longer than its bearing segment
(Kim and Chang, 1991).
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10. Acanthocyclops fonticulus Lee and Chang, 2007 (Figs. 13-15)

Ong-dal-saem-ga-si-geom-mul-byeo-ruk (-8 ZA 7| H = H )
Acanthocyclops fonticulus Lee and Chang, 2007a, p. 62, figs. 2-5; Chang, 2009, p. 460, figs. 251-253.

Female: Body large, 1.2-1.5 mm long, excluding caudal seta. Tinged milky white. Prosome
oval, 1.3 times longer than urosome; widest at posterior margin of cephalothorax, and gradually
tapering behind. Cephalothorax somewhat protruding anteriorly, about 2 times longer than next
three prosomites combined. Genital double-somite 1.1 times longer than wide, anterior half some-
what swollen laterally. Upper part of seminal receptacle semicircular; lower part with 2 narrow
wings. Posterior margins of all urosomites with weakly crenate hyaline fringes; posterolateral
margin of anal somite with 15-18 fine spinules. Anal operculum weakly convex, its posterior
margin smooth.

Fu parallel, 2.9-3.2 times as long as wide; medial margin not hairy; lateral margin with notch bet-
ween proximal third and quarter. Lateral seta inserted at distal third. Outer caudal seta slightly
shorter than Fu, slightly less than half length of inner caudal seta. Dorsal caudal seta about 0.8 times
as long as outer caudal seta, about 0.75 times shorter than Fu.

A1l short, extending slightly past midlength of cephalothorax, 11-segmented. Eighth segment
bearing 1 short asthetasc near middle of anterior margin. A2 4-segmented, coxobasis 3-segmented;
coxobasis bearing 4 setule rows along outer margin on caudal surface; 4-5 spinules present in mid-
dle of frontal surface, along lateral margin.

P1-P4 3-segmented. Spine formula 2,3,3,3. Seta/spine armature of P1-P4 as follows:

P1 coxa0-1 basisl-1 expl-1;1-1;1[1,3 enp 0-1;0-2; 1,1+1,3

P2 coxa0-1 basis1-0 expl-1;I-1;1,I,4 enp0-1;0-2; 1,1+1,3

P3 coxa0-1 basis1-0 expl-1;I-1;1I4 enp0-1;0-2; 1,1+1,3

P4 coxa0-1 basis1-0 expl-0;I-1;1,L4 enp0-1;0-2; 1,112

P1, intercoxal sclerite with 2 naked lateral expansions; basal seta extending slightly over enp2.
P4, intercoxal sclerite smooth on posterior margin and in middle of caudal surface; enp3 about 1.4
times as long as wide; single apical spine slightly longer than enp3; inner seta on exp1 absent.

P5 basis not enlarged, about 2 times broader than exopod; exopod about 1.5 times longer than
wide, armed with 2 subapical spines and 1 apical plumose seta; inner spine rather short (less than
half length of exopod), outer spine about 2 times longer than inner spine.

Male: Body length about 680-730 um. Al 14-segmented, geniculate between 12th and 13th seg-
ments; 1st, 9th and 14th segments each with 1 aesthetasc. P6 represented by indistinctly separated
plate with innermost spine, median seta (nearly as long as inner spine), and outer (subdorsal) seta
(its tip extending slightly beyond posterior margin of succeeding somite).

DISTRIBUTION: Korea.

Korea: GW, CB, GN, JB, JN.

SPECIMEN EXAMINED: GW: (streamlet, Mt. Guhak, Wonju: 25.1.2009).

EcoLogy: Collected from small mountain springs in Korea.

REMARKS: This subterranean Acanthocyclops species described from several mountain springs in
South Korea is allied to the A. kieferi species group in sharing the 11-segmented Al. However, it is
clearly distinguished from them by the single apical spine and long plumose apical seta on P4 enp3
(versus 2 apical spines) and an extra spine on the exopod of P5 in both sexes (see Lee and Chang,
2007a for details).
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Fig. 13. Acanthocyclops fonticulus, female. A. habitus; B. urosome, dorsal; C. P5 and genital somite,
ventral; D. Al. Scales: A=100 um, B-D=50 um (cited from Lee and Chang, 2007a).
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Fig. 14. Acanthocyclops fonticulus, female. A-D. P1-P4. Scales: 50 um (cited from Lee and Chang,

2007a).
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50 um (cited from Lee and Chang, 2007a).

100 um, B-D

Fig. 15. Acanthocyclops fonticulus, male. A. habitus; B. Al; C. P4; D. P5, P6 and genital somite, ventral.

Scales: A
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Genus Diacyclops Kiefer, 1927

Maep-si-geom-mul-byeo-ruk-sok (YA 4 EH 5<5)

Fu elongate, generally 4-8 times longer than wide. A1 of 11-17 segments. P5 2-segmented; exopod
bearing 1 inner subapical spine and 1 apical seta, spine much longer than width of exopod.
Type species: Diacyclops bicuspidatus (Claus, 1857).

SPECIES 111 (8 in Korea).

Key to the species of genus Diacyclops

1. AT 17-S@GMENtEA ++errserrrserrsssssstsniesitsis ittt D. bicuspidatus
— AT 16-S@GMENtEA +++reesresererssstrss sttt D. disjunctus
— AT 12-S@GMENEEA «+vtrereeresersssts ettt D. crassicaudis
= AT T1-S@GMENIEEA +-veveereererrerres et 2
2. Lateral caudal seta situated near middle of Fuu «ccceeeeeererermiiiiiiiiiiiiiiiiiiiiiiiiiiiin D. nanus
— Lateral caudal seta situated at distal 1/3 of Fuu e-eeeereeeeeeeremeemmmminiiii e, 3
3. Antenna with exopodal o = L L s 4
— Antenna without exopodal GEOEQ eoveeereererretentiatittititi ittt ittt et tea ittt stte ettt steesataas 5
4. Fu more than 4 times as [ong as wide «++++++sswesessessmsmsiiiiiiinii e, D. languidoides
— Fu about 3 times as long AS WIAE rrerrrrrrenermniiiiiiiiii ittt e D. leeae
5. Fu 1.6-2 times as long as wide; basis of antenna with single seta «««-«--eoeereerieinenins D. hanguk
— Fu about 2.9 times as long as wide; basis of antenna with 2 setae «««-«--eeseeeeeeeeee D. parasuoensis

11. Diacyclops bicuspidatus (Claus, 1857) (Figs. 16, 17)

Ga-si-kko-ri-maep-si-geom-mul-byeo-ruk (7}A| 2L 2| WA H EH 5)

Cyclops bicuspidatus Claus, 1857b, p. 209, pl. 11, figs. 6, 7; Schmeil, 1892, p. 75, pl. 2, figs. 1-3.

Cyclops (Diacyclops) bicuspidatus: Kiefer, 1929, p. 58, fig. 19(a-b).

Cyclops (Acanthocyclops) bicuspidatus: Gurney, 1933, p. 219, figs. 1655-1671.

Acanthocyclops bicuspidatus: Rylov, 1948, p. 238, fig. 53.

Diacyclops bicuspidatus: Dussart, 1969, p. 145, fig. 67; Mizuno and Miura, 1984, p. 597, fig. 338: 1-5;
Kim and Chang, 1989, p. 241, fig. 8; Ishida, 2002, p. 55, fig. 25a-e; Chang and Min, 2005, p. 74, fig.
38D, E; Chang, 2009, p. 446, figs. 255, 256.

Acanthocyclops (Diacyclops) bicuspidatus: Tai and Chen, 1979, p. 366, fig. 214.

Female: Body large, about 1.6 mm long, excluding caudal setae. Prosome comprising cephalo-
thorax incorporating first pedigerous somite and 3 free pedigerous somites; posterior margins of
prosomites slightly protruding posterolaterally; sensilla scattered on dorsal surface. Anal operculum
gently convex, without spinules or hairs along its posterior margin.

Fu slender and elongate, about 5-7 times longer than wide; parallel to each other; medial margin
not haired; lateral margin with minute notch at proximal one-fifth. Lateral caudal seta situated at
about distal one-third. Inner caudal seta 1.1-1.3 times longer than outer caudal seta. Dorsal caudal
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Fig. 16. Diacyclops bicuspidatus, female. A. habitus; B. anal somite and Fu, dorsal; C. Al; D. A2 basis,

frontal; E. A2, caudal; F. P5. Scales: 50 um (cited from Chang, 2009).
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Fig. 17. Diacyclops bicuspidatus, female. A-D. P1-P4. Scale: 50 um (cited from Chang, 2009).
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seta much shorter than both inner and outer caudal setae.

Al reaching almost to posterior margin of cephalothorax; 17-segmented. Short aesthetasc pre-
sent on each of segments 12, 16, and 17. A2 basis armed with 1 outer distal seta representing exo-
pod; inner distal corner of frontal surface and outer distal edge of caudal surface naked, lacking
spinules.

P1-P4 biramous, both rami 3-segmented. Spine formula 2,3,3,3; seta formula 5,5,5,5. Seta/spine
armature of P1-P4 as follows:

P1 coxa0-1 basisl-1 expl-1;1-1;1,1,3 enp 0-1;0-2; 1,1+1,3

P2 coxa0-1 basis1-0 expl-1;I-1;ILL4 enp0-1;0-2;1, I+1,3

P3 coxa0-1 basis1l-0 expl-1;I-1;ILL4 enp0-1;0-2;1,1+1,3

P4 coxa0-1 basis1-0 expl-1;I-1;1I4 enp 0-1;0-2; 1,IL2

Basal seta of P1 slightly exceeding enp2. Intercoxal sclerites with smooth posterior margin, lacking
transverse spinule row in middle of plate. P4 enp3 about 2.5-3 times longer than wide; outer apical
spine much longer than inner spine, but shorter than enp3.

P5 2-segmented; exopod about 2.5 times as long as wide, armed with 1 inner apical spine and 1
apical plumose seta.

Male: About 1 mm long. Fu 5-6 times as long as wide. P6 armed with 1 innermost spine, 1
median seta and 1 long outer seta.

DIsTRIBUTION: Korea, Japan, China, Europe, North America, North Africa, New Zealand.

Korea: GG, CN, GB, GN, JN, ]B.

SPECIMEN EXAMINED: GB: (Muncheon Reservoir, Gyeongsan: 22.iv.2012); GN: (Upo Swamp,
Changnyeong: 11.iii.2013).

EcoLoGY: Occurring in various freshwater bodies, including polysaprobic waters; known as
eurythermic, but frequently found at streamsides and littoral zones of reservoirs in early spring in
Korea.

ReEMARKS: Kim and Chang (1989a) and Chang and Min (2005) reported “Diacyclops thomasi”, con-
sidering that specimens have the inner spine longer than P4 enp3. However, detailed reexamina-
tion of all the Korean specimens of “D. thomasi” revealed that the length ratio of the P4 enp3 and
the inner spine varied continuously in different specimens. Furthermore, in other important charac-
ters, such as the spinule arrangement on the antennary basis, intercoxal sclerites of P2-P4, relative
setal lengths of P4 enp3, and relative lengths of the caudal setae, no significant discrepancies could
be found. Accordingly, the “D. thomasi” mentioned in Kim and Chang (1989) and Chang and Min
(2005) are treated as erroneous identifications of D. bicuspidatus (see Chang, 2009).

12. Diacyclops crassicaudis (Sars, 1863) (Fig. 18)

Yeol-du-ma-di-maep-si-geom-mul-byeo-ruk (& Fult] YA A EH &)

Cyclops crassicaudis Sars, 1863, p. 249.

Cyclops (Diacyclops) crassicaudis: Kiefer, 1929, p. 60.

Cyclops (Acanthocyclops) crassicaudis: Gurney, 1933, p. 233.

Cyclops crassicaudis: Dussart, 1969, p. 152, fig. 70; Ishida, 2002, p. 57, fig. 26j-q; Chang, 2009, p. 469,
fig. 257.
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Fig. 18. Diacyclops crassicaudis, female. A. habitus; B. anal somite and Fu, dorsal; C. genital somite;
D. Al; E. A2 basis, caudal; F. P4; G. P5. Scales: A=100 um, B-G=50 um (B, D, F and G cited from
Chang and Min, 2005; A, C and E cited from Chang, 2009).



Cyclopoida: Cyclopidae: Diacyclops 41

Diacyclops crassicaudis cretensis: Kim and Chang, 1989 (part.), p. 242, fig. 9a-e; Chang and Min, 2005,
p. 76, fig. 39A-D.

Female: Body slender, narrowing posteriorly, about 1.2 mm long, excluding caudal setae; maxi-
mum width at middle of cephalothorax. Cephalothorax bell-shaped. Rostral expansion rarely visi-
ble in dorsal view. Posterior margins of prosomites nearly smooth; posterolateral edges of third
and fourth prosomites slightly produced. Genital double-somite about 1.2 times longer than wide,
with anterior part slightly expanded laterally; seminal receptacle as shown in Fig. 18C. Anal somite
armed with 16-20 sharp spinules along posterior margin dorsally. Anal operculum gently rounded,
with smooth posterior margin.

Fu slender and elongate, about 5-6 times as long as wide; nearly parallel; lateral margin with a
notch and 2-3 spinules at proximal quarter; medial margin smooth. Lateral caudal seta situated at
distal 1/4-1/5 of lateral margin of Fu. Outer caudal seta plumose, not pinnate, slightly less than
1/3 times as long as Fu, 1.2 times longer than inner caudal seta. Dorsal caudal seta slightly shorter
than outer caudal seta.

Al reaching almost to posterior margin of cephalothorax; 12-segmented. Segment 9 elongate,
with short aesthetasc in middle of anterior margin. A2 basis armed with 2 inner distal setae and 1
outer distal seta representing exopod; 5-6 spinules present along lateral margin of caudal surface,
enlarged distally; outer distal edge smooth.

P1-P4 biramous, both rami 3-segmented. Spine formula 2,3,3,3; seta formula 5,5,5,5. Seta/spine
armature of P1-P4 as follows:

P1 coxa0-1 basisl-1 expl-1;1I-1;1,1,3 enp0-1;0-2; 1,1+1,3

P2 coxa0-1 basis1-0 expl-1;I-1;ILL4 enp0-1;0-2;1,1+1,3

P3 coxa0-1 basis1l-0 expl-1;I-1;ILL4 enp0-1;0-2;1,1+1,3

P4 coxa0-1 basis1l-0 expl-1;I-1;1,I4 enp0-1;0-2; 1,112

P1, inner distal seta on basis extending slightly over enp2. P4, intercoxal sclerite with 4-5 setules
on posterior margin of each lateral expansion, with transverse row of 8-9 spinules in middle of
caudal surface; enp3 about 1.4 times as long as wide; inner apical spine very long, more than 1.3
times as long as enp3, about 2 times longer than outer apical spine.

P5 2-segmented; basal segment not expanded laterally; exopod about 1.7 times longer than wide,
armed with 1 inner apical spine and 1 apical plumose seta.

DisTRIBUTION: Korea, Japan, China, Europe, North Africa, North America.

Korea: GG, GB, GN, JN.

SPECIMEN EXAMINED: GB: (Aejiho pond, Gyeongsan: 28.vi.2012); GN: (Upo Swamp, Changnyeong;:
11.iii.2013).

EcoLoGy: Occurring in bottom debris or among littoral plants of relatively small, lentic waters
such as bogs, swamps, reservoirs, etc. (Chang, 2009). Sometimes co-occurring with the preceding
species, Diacyclops bicuspidatus.
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13. Diacyclops nanus (Sars, 1863) (Fig. 19)

Jung-gan-kko-ri-teol-maep-si-geom-mul-byeo-ruk (F7t 2 YA HEH F)

Cyclops nanus Sars, 1863, p. 251.

Cyclops (Diacyclops) nanus: Kiefer, 1929, p. 63.

Cyclops (Acanthocyclops) nanus: Gurney, 1933, p. 248, figs. 1736-1746.

Acanthocyclops nanus: Rylov, 1948, p. 258, fig. 60, 1-7.

Diacyclops nanus: Dussart, 1969, p. 158, fig. 74; Monchenko, 1974, p. 321, fig. 144; Chang et al., 1998,
p- 299; Mizuno and Miura, 1984, p. 600, fig. 340: 8-12; Ishida, 2002, p. 57, fig. 27h-n; Chang and
Min, 2005, p. 79, fig. 40D, E; Chang, 2009, p. 471, fig. 258.

Female: Body relatively small for a Diacyclops species, as suggested in the specific name, about
600-650 um long, excluding caudal setae. Prosome elliptical, comprising cephalothorax incorporat-
ing first pedigerous somite and 3 free pedigerous somites. Cephalothorax strongly protruding
anteriorly; posterior margins of prosomites nearly smooth. Genital double-somite slightly longer
than wide, with anterior part slightly expanded laterally. Urosomites ornamented with hyaline
fringe along posterior margin. Anal operculum slightly convex, not protruding posteriorly, with
smooth posterior margin.

Fu elongate, 4-5 times longer than wide; slightly divergent from each other posteriorly; medial
margin not hairy; lateral margin smooth, without notch. Lateral caudal seta situated just posterior
to middle of lateral margin. Outer caudal seta nearly 1/2 as long as Fu, slightly longer than inner
caudal seta. Dorsal caudal seta about 1.5-2.0 times as long as inner caudal seta.

A1 reaching almost to posterior margin of cephalothorax; 11-segmented. A2 basis armed with 5-
6 spinules along lateral margin of caudal surface; outer distal edge smooth.

P1-P4 biramous; segmentation (enp/exp) 2/2, 2/3, 3/3, 3/3; spine formula 3,3,3,3; seta formula
5,5,5,5. Seta/spine armature of P1-P4 as follows:

Pl coxa0-1 basis1-1 expl-1;1IL1,4 enp 0-1; 1,14

P2 coxa0-1 basis1l-0 expl-1;I-1;II4 enpO0-1;1L5

P3 coxa0-1 basis1-0 expl-1;I-1;1I4 enpO0-1;0-1;1,14

P4 coxa0-1 basis1-0 expl-1;I-1;1I4 enp0-1;0-2; 1,112

P1, inner distal seta on basis nearly reaching to posterior end of enp2. P4, intercoxal sclerites
with 5-6 spinules on posterior margin of each lateral expansion, with transverse row of 12-14
spinules in middle of caudal surface; inner apical spine on enp3 slightly longer than enp3, about
1.3 times longer than outer apical spine.

P5 2-segmented; basal segment slightly expanded laterally; exopod about 2.3 times as long as
wide, armed with 1 inner subapical spine and 1 apical plumose seta.

DisTRIBUTION: Korea, Japan, China, Thailand, Europe, North America.

Korea: CB, GB, GN, JB, JN.

SPECIMEN EXAMINED: GB: (well, Hwajin-ri, Pohang: 28.vii.2011).

EcoLoGy: Inhabiting various mountain waters such as alpine bogs and puddles, or sometimes
springs and wells.
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Fig. 19. Diacyclops nanus, female. A. habitus; B. P5 and urosome, ventral; C. A2 basis, caudal; D, E.
P1-P2; F. P4. Scales: A=100 um, B, D-F=50 um, C=30 um (cited from Chang, 2009).
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14. Diacyclops disjunctus (Thallwitz, 1927) (Figs. 20, 21)

U-mul-maep-si-geom-mul-byeo-ruk (¢-EWA| HEHE)

Cyclops languidus var. disjunctus Thallwitz, 1927, p. 59, figs. 1, 2.

Acanthocyclops languidus disjunctus: Dussart, 1969, p. 156, fig. 72.

Diacyclops disjunctus: Ito, 1952, p. 1115; Mizuno and Miura, 1984, p. 597, fig. 338: 12-17; Chang et
al., 1998, p. 299; Ishida, 2002, p. 56, fig. 26h, i; Chang and Min, 2005, p. 78, fig. 39E-G; Chang, 2009,
p. 473, figs. 260, 261.

Female: Body relatively small, 640-780 um long, excluding caudal setae; generally milky white.
Prosome suboval and slightly flattened dorsoventrally, comprising cephalothorax incorporating
first pedigerous somite and 3 free pedigerous somites. Posterior margins of prosomites nearly
smooth; posterolateral edges of third to fourth prosomites acute. Genital double-somite slightly
longer than wide, with anterior part slightly expanded laterally. Seminal receptacle consisting of
broad anterior lobe and narrow posterior lobe. Posterior margins of urosomites, except for anal
somite, with serrated hyaline fringe. Anal somite armed with 10-16 sharp spinules both dorsally
and ventrally. Anal operculum not protruding posteriorly, with smooth posterior margin.

Fu elongate, 3-4 times longer than wide; nearly parallel, or slightly divergent posteriorly, curved
outward after about distal third of rami; medial margin not hairy; lateral margin smooth, without
notch. Lateral caudal seta situated at about distal quarter of ramus. Outer caudal seta stout,
slightly longer than inner caudal seta. Dorsal caudal seta about 2-3 times as long as inner caudal
seta.

A1 reaching almost to posterior end of cephalothorax; 16-segmented. A2 basis armed with 2
inner distal setae and 1 outer distal seta representing exopod; distal corners of both frontal and
caudal surfaces smooth, without hairs and spinules; oblique row of 5-6 spinules present along
medial margin.

P1-P4 biramous; segmentation (enp/exp) 2/2, 2/3, 3/3, 3/3; spine formula 3,3,3,3; seta formula
5,5,5,5. Seta/ spine armature of P1-P4 as follows:

Pl coxa0-1 basis1-1 expl-1;1IL1,4 enp 0-1; 1,14

P2 coxa0-1 basis1-0 expl-1;I-1;II4 enpO0-1;1L5

P3 coxa0-1 basis1-0 expl-1;I-1;1[[4 enp0-1;0-1;1,14

P4 coxa0-1 basis1-0 expl-1;I-1;1I4 enp0-1;0-2; 1,112

P1, inner distal seta on basis reaching almost to middle of enp2. P4, intercoxal sclerite with 2
oblique rows of 4-5 spinules on caudal surface; posterior margin smooth, without setule or hair
row; enp3 short, about 1.2-1.3 times as long as wide; inner apical spine about 1.4 times longer than
enp3 and outer apical spine.

P5 2-segmented; exopod armed with 1 inner subapical spine and 1 apical plumose seta.

DisTRIBUTION: Korea, Japan, Europe.

Korea: GG, CN, GB, GN, JB.

SPECIMEN EXAMINED: GN: (streamside puddle, Gucheoncheon Stream, Geoje: 5.ix.2011).

EcoLoGgy: Often occurring in interstitial waters of streams, and sometimes found in wells or
springs.

RemARKs: This species was once regarded as a subspecies of Diacyclops languidus (Sars, 1863). D.
languidus is distinguished from D. disjunctus by the short inner spine on P4 enp3, which is shorter
than the segment and only slightly longer than outer spine. D. languidus mostly inhabits small
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Fig. 20. Diacyclops disjunctus. Female: A. habitus; B. anal somite and Fu, dorsal; C. P5 and genital
somite; D. Al; E. A2 basis, frontal; F. A2 basis, caudal. Male: G. fifth pedigerous somite and genital
somite, ventral. Scales: 50 um (cited from Chang, 2009).
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Fig. 21. Diacyclops disjunctus, female. A-D. P1-P4. Scales: 50 um (cited from Chang, 2009).
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stagnant pools, bogs, marshes and humid mosses in Europe and Japan (Dussart, 1969; Ishida, 2002),
whereas D. disjunctus is collected mostly from underground waters, including wells, springs and
interstitial waters (Chang, 2009).

15. Diacyclops languidoides (Lilljeborg, 1901) (Fig. 22)

Yak-gol-maep-si-geom-mul-byeo-ruk (2FZ WA H & H =)

Cyclops languidoides Lilljeborg, 1901, p. 61, pl. 4, figs. 10-12.

Cyclops (Diacyclops) languidoides: Kiefer, 1929, p. 62.

Cyclops (Acanthocyclops) languidoides: Gurney, 1933, p. 241.

Acanthocyclops languidoides: Rylov, 1948, p. 250, fig. 57, 1-5.

Diacyclops languidoides: Dussart, 1969, p. 160; Mizuno and Miura, 1984, p. 602, fig. 340: 13-19; Chang
et al., 1998, p. 299; Ishida, 2002, p. 57, fig. 27a-g; Chang and Min, 2005, p. 79, fig. 40 A-C; Chang,
2009, p. 476, fig. 262.

Female: Body small, 580-640 um long, excluding caudal setae; slightly flattened dorsoventrally.
Milky white when preserved in ethanol or formalin. Cephalothorax not protruding anteriorly, nearly
as long as wide. Posterior margins of prosomites nearly smooth. Genital double-somite slightly
longer than wide, with anterior part slightly expanded laterally. Seminal receptacle with anterior
lobe expanding laterally. Posterior margins of urosomites with crenated hyaline frills both dorsally
and ventrally, except for anal somite armed with 10-14 sharp spinules both dorsally and ventrally.
Anal operculum slightly convex, with smooth posterior margin.

Fu elongate, 4-5 times longer than wide; both medial and lateral margins smooth, without hairs
or spinules. Lateral caudal seta located at distal third of ramus. Inner caudal seta short, less than
half length of Fu, slightly shorter than outer caudal seta. Dorsal caudal seta more than 2 times as
long as inner caudal seta.

Al reaching almost to posterior end of cephalothorax; 11-segmented. A2 basis armed with row
of 4-5 spinules along lateral margin of caudal surface.

P1-P4 biramous; segmentation (enp/exp) 2/2, 2/3, 3/3, 3/3; spine formula 3,3,3,3; seta formula
5,5,5,5. Seta/ spine armature of P1-P4 as follows:

P1 coxa0-1 basisl-1 expl-1;1IL1,4 enp 0-1; 1,14

P2 coxa0-1 basis1-0 expl-1;I-1;1I4 enpO0-1;1L5

P3  coxa0-1 basis1-0 expl-1;I-1;1[[4 enp0-1;0-1;1,14

P4 coxa0-1 basis1-0 expl-1;I-1;1L,4 enp 0-1;0-2; 1,I1,2

P4, intercoxal sclerite with 2 transverse rows of spinules on caudal surface; posterior margin
smooth, without setule or hair row; enp3 about 1.6 times as long as wide, slightly longer than
apical spines; inner apical spine slightly longer (about 1.1 times) than outer apical spine; distal
setae on enp3 far exceeding tips of apical spines.

P5 2-segmented; basal segment slightly expanded laterally; exopod about 2.3 times as long as
wide, armed with 1 inner subapical spine and 1 apical plumose seta.

DisTRIBUTION: Korea, Japan, Europe.
Korea: GW, GB.
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Fig. 22. Diacyclops languidoides. Female: A. habitus; B. urosome, ventral; C. A1; D. A2 basis, caudal;
E. P4; E. P5. Male: G. genital somite, ventral. Scales: A-C, E-G=50 um, D=20 um (cited from Chang,
2009).
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SPECIMEN EXAMINED: GB: (well, Gyeongsan: 17.v.2007).
EcoLoGy: Basically subterranean species, inhabiting wells, springs, and related mountain steam-
lets.

16. Diacyclops leeae Karanovic, Grygier and Lee, 2013 (Figs. 23, 24)

Na-bi-maep-si-geom-mul-byeo-ruk (L H] H A] &1 =)

Diacyclops leeae Karanovic, Grygier and Lee, 2013, p. 48.
Diacyclops suoensis: Lee, Kim, Choi and Chang, 2007, p. 162, figs. 7, 8; Chang, 2009, p. 478, figs. 263,
264.

Female: Body small and somewhat slender, 600-700 um long; tinged milky white. Seminal recep-
tacle butterfly-shaped, both sides of anterior half deeply concave. Anal operculum not strongly
convex, smooth on its posterior margin.

Fu about 3 times as long as wide, without hairs along inner (medial) margin; lateral seta inserted
at about posterior 1/3 of lateral margin of ramus; outer caudal seta slightly less than 2/3 times as
long as Fu, slightly longer than inner caudal seta; dorsal caudal seta long, nearly 2 times longer
than inner caudal seta.

Al 11-segmented, slightly exceeding posterior margin of cephalothorax; 8th and last segments
each bearing 1 asthetasc. A2, caudal face of basis ornamented with 4-5 spinules near middle of
outer margin; a long seta on outer distal corner of basis representing exopod.

P1-P4, segmentation of exopod/endopod 2/2, 3/2,3/3, 3/3. Spine formula 3,3,3,3. Seta/spine
armature of P1-P4 as follows:

P1 coxa0-1 basis1l-1 expl-1;1IL1,4 enp 0-1; 1,14

P2 coxa0-1 basis1-0 expl-1;I-1;1I4 enpO0-1;1L5

P3 coxa0-1 basis1-0 expl-1;I-1;114 enpO0-1;0-1;1L4

P4 coxa0-1 basis1-0 expl-1;I-1;1L,4 enp0-1;0-2; 1,112

P4, lateral lobes of coupler not produced, with smooth posterior margin; caudal face of coupler
armed with 2 spinule rows, each consisting of about 16 spinules in the middle and 20 in the pos-
terior part, respectively; enp3 about 1.2 times as long as wide, about 3/4 times as long as inner spine;
inner spine about 1.4 times longer than outer spine; 2 inner setae extending far beyond inner apical
spine, while outer seta not reaching end of inner apical spine.

P5 composed of 2 free segments; basal segment slightly enlarged distolaterally, about 1.5 times
wider than long; exopod about 2 times longer than wide, with 1 distomedial spine and 1 long plu-
mose apical seta. P6 represented by 2 strong conical projections and 1 long plumose seta, located
at both sides of dorso-anterior part of genital double-somite.

Ovigerous females generally bearing 5-6 eggs in each egg sac.

DisTrRIBUTION: Korea.

Korea: CB, GB.

SPECIMEN EXAMINED: GB: (Naeseongcheon Stream, Yecheon: 18.viii.2011).

EcoLogy: This species was found in cavern puddles and interstitial waters of streambanks.
ReMARKS: This species has been reported from cavern puddles, springs and wells in South Korea
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Fig. 23. Diacyclops leeae, female. A. habitus; B. genital double-somite; C. anal somite and Fu, ventral;
D. Al; E. A2, caudal and basis, frontal; F. P5. Scales: A-E=50 um, F=20 um (cited from Lee, Kim,
Choi and Chang, 2007).
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Fig. 24. Diacyclops leeae, female. A-D.P1-P4. Scale: 50 um (cited from Lee, Kim, Choi and Chang,

2007).
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under the name of ‘Diacyclops suoensis Ito’ by Lee, Kim, Choi and Chang (2007) and Chang (2009).
Recently, Karanovic et al. (2013) have made a revision on the subterranean Diacyclops from Korea
and Japan, and described seven new species of languidoides-group, including two new Korean ende-
mic species, D. parasuoensis and D. hanguk. Furthermore, they redescribed D. suoensis Ito, based
upon the newly collected specimens from Japan, and treated the Korean ‘D. suoensis’ as a distinct
new species, D. leeae. According to their redescription of D. suoensis Ito, D. leeae evidently differs
from D. suoensis Ito by the exopodal seta of antenna. This species is closely related with D. langui-
doides, but can be distinguished from it by relatively shorter Fu (about 3 times as long as wide,
against more than 4 times as long as wide in D. languidoides).

Genus Itocyclops Ishida and Reid, 2000

/4
Saem-geom-mul-byeo-ruk-sok (A4 HEH5%)

Fu minute, 400-500 um; slightly depressed dorsoventrally. A1l 11- or 12-segmented. Anal oper-
culum triangular, protruding posteriorly. Fu stumpy, less than 2 times longer than wide. P1 and
P2 with 2-segmented exopod and endopod; P3 and P4 with 3-segmented exopod and 2-segmented
endopod. P5 2-segmented; endopod partially incorporated into fifth pedigerous somite.

Type species: Itocyclops yezoensis (Ito, 1954).

SpeCIES 1 (1 in Korea).

17. Itocyclops yezoensis (Ito, 1953) (Figs. 25, 26)

Saem-geom-mul-byeo-ruk (A &1 %)

Speocyclops yezoensis Ito, 1953, p. 406, figs. 175-182; Ishida, 1992b, p. 249, figs. 3-8.

Diacyclops yezoensis: Monchenko, 1974, p. 331.

Itocyclops yezoensis: Reid and Ishida, 2000, p. 589, figs. 1-3; Ishida, 2002, p. 58, fig. 28k-o0; Lee et al.,
2004. p. 151, figs. 5, 6; Chang and Min, 2005, p. 87, fig. 43; Chang, 2009, p. 482, figs. 266, 267.

Female: Body small, less than 500 um long; habitus dorsoventrally flattened. Genital double-
somite much swollen laterally, and 1.3 times wider than long. Seminal receptacle rather complex,
with paired lateral wings.

Anal operculum triangular, its tip extending slightly beyond middle of Fu or just reaching it in
lateral view, with lateral margins irregularly crenate.

Fu slightly divergent, 1.69 times as long as wide; lateral caudal seta inserted at midlength of ramus,
with row of spinules anteriorly; outer caudal seta swollen at its base, about 2.5 times longer than
inner caudal seta; dorsal caudal seta about 2 times longer than outer terminal seta; inner caudal
seta about 1.8 times longer than outer terminal seta, and about 60% of entire body length.

A1 11-segmented, its tip not reaching to posterior margin of cephalothorax.

P1-P4, exopods composed of 2,2,3,3 segments respectively, endopods all 2-segmented; spine
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Fig. 25. Itocyclops yezoensis. Female: A. habitus; B. P5 and genital somite; C. anal somite and Fu,
dorsal; D. Al; E. A2; F. maxillule; G. maxilla. Male: H. habitus. Scales: A, H=50 um, B-G=30 um
(cited from Lee et al., 2004).
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Fig. 26. Itocyclops yezoensis, female. A-D.P1-P4. Scale: 50 um (cited from Lee et al., 2004).

formula 3,4,3,3. P4 enp2 oval, about 1.25 times as long as wide, inner apical spine nearly equal in
length to enp2, and 1.67 times longer than outer spine. Setal and spinous ornamentation on exo-
and endopods of legs 1-4 as follows:
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P1 coxa0-1 basis1-I expI-0;ILL4(3) enp 0-1; 1,1,1(2)

P2 coxa0-1 basis1-0 exp I-0;1IL13(4) enp 0-1; 1,L,1(2 or 3)

P3 coxa0-1 basis1-0 expl-0;1-1;1[L4(3) enp0-1;1,14(2)

P4 coxa0-1 Basis1-0 expl-1;I-1;1LL3 enp 0-1; 1L,IL,3

P5, basal segment partly fused with fifth pedigerous somite, much enlarged, about 3 times broader
than exopod; exopod with 2 setae on its tip, inner seta rather short, less than half of outer seta.

DisTRIBUTION: Korea, Japan, North America (Alaska and Mississippi River drainage basin).

Korea: GW, GB, GN, JJ.

SPECIMEN EXAMINED: GB: (well, Suryeom-ri, Gyeongju: 5.v.2009).

EcoLoGY: Subterranean species, occurring mostly in springs, well and cave waters, especially
not far from seashore in Korea.

REMARKS: Reid and Isida (2000) established the genus Itocyclops to accommodate this species,
which showed evidently generic differences of the segmentation of legs, from the genera Speocyclops,
Diacyclops, Metacyclops, and so on (cf. Reid and Ishida, 2000: 293-595). Itocyclops yezoensis still
remains as the monotypic species of the genus.

Specimens from Korea well coincide with the original description and Reid and Ishida’s (2000)
redescription, except for the relatively longer Fu (more than 1.6 times as long as wide, versus 1.4
times in Japanese specimens). Shape of anal operculum (its length and number of teeth on lateral
margins) shows a rather wide range of variation, that is, it passes over middle of rami in about 60%
of individuals examined, while it nearly reaches middle of Fu in a lateral view in others, and the
lateral margins of anal operculum vary in the shape from heavily crenate to weakly undulate. Setal
armature is also variable in the distal segment of both endopods and exopods of P1-P3 (see Lee et
al., 2004).

Genus Psammophilocyclops Fryer, 1956

Mo-rae-mu-ji-geom-mul-byeo-ruk-sok (X 2| FX| H &1 525)

Body minute, 300-450 um long, excluding caudal seta; somewhat flattened dorsoventrally, with
distinct demarcation between prosome and urosome. Cephalothorax incorporating first pedigerous
somite. Anal operculum convex, generally with smooth posterior margin, but sometimes semicir-
cular in some species, rarely with serrated posterior margin. Fu truncate and not elongate, 2-3
times as long as wide, armed with 6 caudal setae. Al 10- or 11-segmented. A2 4-segmented; coxo-
basis lacks outer distal seta representing exopod. Maxilliped fundamentally comprising syncoxa,
basis and 2-segmented endopod, with 2,1,2,3 setation, but often segmentation and setation reduced.
P1-P4, both endopods and exopods 2-segmented, with spine formula 3,3,3,3 or 2,2,2,2 and seta
formula 5,5,5,4. Basis of P1 bearing inner distal spiniform seta. P4 enp2 typically with 1,1,2 formula.
P5 completely incorporated into fifth pedigerous somite, represented by 1 lateral seta and 2 inner
apical setae in both sexes. Free-living. Found in streamside sand beach.

Type species: Psammophilocyclops boccaroi Fryer, 1956.

SPECIES 4 (1 in Korea).
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18. Psammophilocyclops paucisetosus Lee and Chang, 2011 (Figs. 27-31)

Mo-rae-mu-ji-geom-mul-byeo-ruk (X2 F- 2| 4 = H )
Psammophilocyclops paucisetosus Lee and Chang, 2011, p. 2, figs. 1-5.

Female: Body minute, 412 um long, excluding caudal setae, greatest width 138 um at middle of
cephalothorax; somewhat flattened dorsoventrally. Prosome oblong-oval, much longer than urosome
(1.42 times). Cephalothorax protruding anteriorly, about 1.7 times longer than next three prosomites
combined; chitinous lines present on dorsal and lateral surface, running transversely along posterior
margin of cephalothorax and extending up to lateral margin; numerous pits and 20-24 sensilla scat-
tered on entire dorsal and lateral surfaces. Second prosomite with 1 longitudinal cuticular ridge
laterally, with paired sensilla dorsolaterally. Third prosomite with rough and rugged posterior
margin. Posterolateral corners of third and fourth prosomites slightly produced posterolaterally.
First urosomite (fifth pedigerous somite) with ventrolateral corner strongly produced.

Genital somite and first abdominal somite fused to form genital double-somite, chitinous suture
line persisting laterally; somewhat flattened dorsoventrally; much (about 1.5 times) wider than long
(58.6 um long, 87.5 um wide); both sides swollen laterally, but lateral margin rather smooth without
chitinous projection; dorsolateral surface depressed widely and heavily sclerotized, with wrinkles,
and a slender plumose seta and a small conical projection representing P6; 2 pairs of cuticle furrows,
each engraved to form a groove, in hind region of mid-dorsal surface. Seminal receptacle comsisting
of two wide lobes in the shape of a pot with lid, posterior lobe well developed, nearly semicircular
with slight posteromedial depression. Third and fourth urosomites ornamented with row of 8 cuti-
cle furrows dorsally. Posterior margins of abdominal somites strongly crenated, except anal somite
bearing spinule row on both dorsal and ventral sides. Anal operculum slightly convex; posterior
margin round and smooth, except with a notch on each side.

Fu nearly parallel or slightly divergent, 1.91 times as long as wide; a weak dorsal rib curving
inward, extending to dorsal caudal seta; lateral margins smooth. Lateral caudal seta located at
almost midlength of lateral margin of ramus, inserted slightly dorsolaterally, without spinules
around its base. Outer caudal seta plumose, flanking 1 spinule just ahead of its base; nearly as
long as Fu, 1.9 times as long as inner caudal seta. Inner terminal caudal seta not swollen at its base,
with fracture plane, about 1.9 times longer than outer seta, and 0.42 times as long as entire body
length. Dorsal caudal seta slightly longer than Fu, about 1.2 times longer than outer caudal seta.

A1 11-segmented, its tip extending slightly over middle of cephalothorax. Segments 2, 4 and 5
relatively short; segments 1, 3, 7 and 8 stout and long. Anterodistal seta on segment 5 completely
lacking. Segments 7 and 11 each with 1 aesthetasc. Last segment without distinguishable hyaline
lamella, about 1.5 times longer than penultimate segment. Setal formula: 6, 2, 5, 2, 0, 2, 3, 2+1
aesthetasc, 2, 3, 7+1 aesthetasc.

A2 4-segmented, comprising coxobasis and 3-segmented endopod. Coxobasis bearing 1 inner
distal seta, lacking outer distal seta representing exopod. First endopodal segment bearing 1 inner
seta with 1 spinule row at outer distal corner. Second endopodal segment with total of 5 setae along
inner distal margin. Third endopodal segment armed with 7 setae around distal area.

Maxilliped 4-segmented. Syncoxa with 2 setae representing endite. Basis ornamented with 3
setules along outer margin, bearing 1 long pinnate seta. First endopodal segment armed with 1
strong pinnate seta; second endopodal segment with 2 naked setae.

P1-P4, both endopods and exopods 2-segmented. Seta/spine armature of P1-P4 as follows:
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P1 coxa0-1 basis1l-1 expl-0;1IL,5 enp0-1;1,L2

P2 coxa0-0 basis1-0 expl-0;IIL,5 enp0-1;1,L2

P3 coxa0-0 basis1-0 expl-0;1IL5 enp0-1;1,14

P4 coxa0-0 basis1-0 expl-0;1IL4 enp0-1;1,L2

Intercoxal sclerites of P1-P4 each with paired lateral lobes strongly produced distally and smooth
distal margin; both anterior and posterior surfaces smooth, without transverse spinule or setule
row. Inner coxal seta present in P1, absent in P2-P4. Bases of P1-P4 produced inner distally, with
setule row along inner distal margin. Basis of P1 bearing 1 short stout spiniform inner distal seta,
not reaching to middle of P1 enp2. Enpl of P1-P4 each with 1 inner seta. Exp2 of P1-P4 strikingly
enlarged, each armed with 3 spines (spine formula 3,3,3,3), and with 5 setae on legs 1-3 and 4 setae
on P4 (setal formula 5,5,5,4). Enp2 of P1-P4 with 3,3,5,3 setae. P4 enp2 relatively small, about 0.9
times as long as wide, bearing only 1 spine, nearly as long as enp2.

P5 completely incorporated into fifth pedigerous somite, represented by 1 lateral seta and 2 inner
apical setae; two inner setae inserted close together, innermost one nearly 3 times longer than the
outer one. P6 represented by 1 plumose seta and 1 minute spinule on small cuticular projection in
dorsolateral part of genital double-somite.

Male: Sexual dimorphism in genital somite, anal operculum, A1, P3 enp2, and P6. Genital somite
swollen laterally, about 1.6 times wider than long, posterior margin serrated dorsally; in ventral view,
paired genital opercular plates oblong, each with 3 setae in total (2 plumose setae posterolaterally
and 1 minute vestigial seta posterodorsally), representing P6. Next three urosomites with posterior
margins serrated both dorsally and ventrally. Anal somite with spinules along posterior margin,
5-7 spinules dorsally, 9-10 spinules ventrally.

Anal operculum nearly semicircular, with posterior margin strongly serrated. Fu 2.15 times as
long as wide, slightly longer than in female; relative lengths of caudal setae similar to those in female.
Al geniculate, indistinctly 14-segmented; articulation between segments 12 and 13; segments 1, 4,
8, 12 each bearing 1 aesthetasc. P1 similar to that of female, including inner seta on basis. P3 enp2,
bearing 1 short, slender seta issuing from base of distal spine; distal spine modified with hooked
tip and swollen mid-lateral margin, armed with spinules along outer margin.

DisTrRIBUTION: Korea.

Korea: GB.

SPECIMEN EXAMINED: GB: (sand basin, Yecheon: 23.v.2008).

EcoLoGY: Streamside sand beach.

REMARKS: Since Fryer (1956) established a new genus Psammophilocyclops for a new species, P.
boccaroi, from sandy beaches of Lake Nyasa (now called Lake Malawi), southeastern Africa, only two
species have been added to the genus: P. trispinosus Shen and Tai, 1964 and P. bispinosus Shen and
Tai, 1964, both from riverside beaches at Kwangtung, southern China. Shen and Tai (1964) regarded
Psammophilocyclops as being allied to the genera Goniocyclops Kiefer, 1955, Psammocyclops Kiefer, 1955
and Cochlocyclops Kiefer, 1955 in sharing the character combination of 11- or 10-segmented A1, semi-
circular (or triangular) shape of anal operculum, 2-segmented endopods and exopods of P1-P4, and
P5 completely incorporated into fifth pedigerous somite with 2 apical setal elements (see Shen and
Tai, 1964: 376, Table 7; Tai and Chen, 1979: 402). The present species apparently does not belong to
the allied genera above but to Psammophilocyclops in showing the spine formula of 3,3,3,3 (versus
2,3,3,2 in Goniocyclops, and 3,3,3,2 in Psammocyclops and Cochlocyclops).

The reduction in the setal and/or spine armature of the legs and in the segmentation and setation
of the maxilliped occurs widely in the members of the genus Psammophilocyclops, supposedly result-
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Fig. 27. Psammophilocyclops paucisetosus, female. A. habitus, dorsal; B. habitus, lateral (with paired
spermatophores attached). Scale: 100 um (cited from Lee and Chang, 2011).
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Fig. 28. Psammophilocyclops paucisetosus, female. A. genital double-somite and P5, ventral; B. anal
somite and Fu, dorsal; C. Al; D. A2, caudal; E. mandible; F. maxillule, posterior (with palp in anterior
view); G. maxilla; H. maxilliped; I. P6. Scales: A, H=50 um, B-G, I=30 um (cited from Lee and Chang,
2011).
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Fig. 29. Psammophilocyclops paucisetosus, female. A-D. P1-P4, caudal; E. P5, ventrolateral. Scale: 50
um (cited from Lee and Chang, 2011).
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Fig. 30. Psammophilocyclops paucisetosus, male. A. habitus, dorsal; B. urosome with P6, ventral; C.
anal somite and Fu, dorsal; D. Al; E. P5, ventrolateral. Scales: A=50 um, B-E=30 um (cited from Lee
and Chang, 2011).
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Fig. 31. Psammophilocyclops paucisetosus, male. A-D. P1-P4, caudal. Scale: 50 um (cited from Lee

and Chang, 2011).



Cyclopoida: Cyclopidae: Microcyclops 63

ing from the interstitial or hypogean habit. Especially, the tendency of reduction appears evident
in the number of setae on the distal endopodal segment of legs 1-2 and the inner coxal seta of P2~
P4, as well as the segmentation and setation of the maxilliped. Psammophilocyclops paucisetosus n.
sp., as suggested in the specific name, is most characteristic in showing the reduction in the setal
armature, that is, only 3 setae on legs 1-2 enp2 and the absence of inner coxal seta on P2-P4.

Psammophilocyclops paucisetosus shares the combination of characters of 11-segmented Al, spine
formula (3,3,3,3) and relatively shorter Fu (around 2 times as long as wide) with P. boccaroi. However,
P. boccaroi differs from P. paucisetosus by the 3-segmented maxilliped and the angular shape of the
anal operculum with a straight posterior margin (vs. round in the female and crescentic in the male
of the latter).

Psammophilocyclops trispinosus is allied with P. paucisetosus in sharing the same spine formula and
4-segmented maxilliped; however, the former differs from the latter by the setation of 2,1,2,3 on the
maxilliped (vs. 2,1,2,2), 10-segmented A1 and relatively elongate Fu.

The other Chinese congener, P. bispinosus, apparently differs from the new species by the spine
formula of 2,2,2,2, 10-segmented Al, 3-segmented maxilliped and elongate Fu.

In P. boccaroi, the arrangement of two exopodal setae of P5 was described as the inner seta being
short and the outer one long, in contrast with the long inner seta and short outer seta in the three
Asian species, including P. paucisetosus. If this difference is not caused by a simple inadequate
observation under improper positioning of the minute specimen of P. boccaroi, it may be a genuine
interspecific discrepancy between the species groups from two continents.

Another remarkable characteristic of P. paucisetosus is the semicircular anal operculum with serrated
posterior margin, shown only in male specimens. The feature is strongly reminiscent of the trian-
gular anal operculum with serrated lateral margins of Itocyclops yezoensis Reid and Ishida, 2000,
which has been reported from cave waters, springs and driven wells in Japan, Alaska and Korea
(Ito, 1953, 1954; Ishida, 1992, 2002; Reid and Ishida, 2000; Lee et al., 2004), and still remains as the
monotypic species of the genus. In I. yezoensis, the shape of the anal operculum is known as rather
variable in the length and in shape of the lateral margins, from heavily crenate to weakly undulate
(Lee et al., 2004). As this study is based on only two female specimens including a juvenile and
several males, it cannot be fully ascertained whether the characteristic is a real sexual dimorphic
character or not, and whether it might be variable or consistent, especially in the female (Lee and
Chang, 2011).

Genus Microcyclops Claus, 1893

Kko-ma-geom-mul-byeo-ruk-sok (210} &= H 5-<5)

Body small, 500-700 um long. Fu generally about 3-4 times as long as wide. Al 11- or 12-segment-
ed; its tip not reaching posterior end of cephalothorax. P1-P4, both endopods and exopods 2-seg-
mented; P4 intercoxal sclerite (coupler) normal, not narrower or smaller than other couplers. P5
cylindrical, with a minute inner distal spine.

Type species: Microcyclops varicans (Sars, 1863).

SPECIES 65 (3 in Korea).
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Key to the species of genus Microcyclops

1. Fu 3-4 times longer than wide; AT 12-segmented -+ sssessrsssrssmssimiiississiiiss 2
— Fu more than 4 times as long as wide; Al 11-segmented ««--«-eeeeeeeemmsmniennn. M. longiramus
2. Outer terminal spine on P4 enp2 swollen, more than 2 times as long as inner terminal spine -+
.................................................................................................................................. M. varicans
— Outer terminal spine on P4 enp2 not swollen, about 1.5 times longer than inner terminal spine --
................................................................................................................................... M. rubellus

19. Microcyclops varicans (Sars, 1863) (Fig. 32)

Kko-ma-geom-mul-byeo-ruk (0o} & H %)

Cyclops varicans Sars, 1863, p. 252.

Cyclops (Microcyclops) varicans: Kiefer, 1929, p. 66, fig. 24; Gurney, 1933, p. 255, figs. 1747-1764.

Microcyclops varicans: Rylov, 1948, p. 267, fig. 62, 1-7; Dussart, 1969, p. 180, fig. 89; Kim and Chang,
1989, p. 244, fig. 10a-e; Ishida, 2002, p. 58, fig. 29f-1; Chang, 2009, p. 486, fig. 269.

Microcyclops (Microcyclops) varicans: Tai and Chen, 1979, p. 375, fig. 221; Chang and Min, 2005, p. 81,
fig. 41A, B.

Female: Body small and somewhat slender, 640-720 um long; live specimens tinged with pale
yellow, and preserved specimens always milky white. P5 incorporated into fifth pedigerous somite;
basal seta extending laterally from outer distal corner of the somite in dorsal view. Genital double-
somite much longer than wide, with anterior part slightly swollen laterally. Anal somite with trans-
verse row of 9-12 spinules along posterior margin both dorsally and ventrally. Anal operculum
slightly convex, with smooth posterior margin.

Fu 3.5-4 times as long as wide, nearly parallel; medial margin not hairy; lateral margin smooth
without notch. Lateral seta inserted at about posterior 1/4 of lateral margin of ramus; outer caudal
seta about 0.7-0.8 times shorter than inner caudal seta, slightly longer than dorsal caudal seta.

A1 12-segmented, not reaching to posterior margin of cephalothorax; 1st, 8th and 9th segments
elongate; 9th segment bearing 2 asthetascs. A2, caudal face of basis ornamented with 7-9 spinules
curving inward near middle of outer margin.

P1-P4, both exopod and endopod 2-segmented. Spine formula 3,4,4,3. Seta/spine armature of
P1-P4 as follows.

P1 coxa0-1 basisl-1 expl-1;1I1,4 enpO0-1;114

P2 coxa0-1 basis1l-0 expIl-L,IILL5 enpO0-1;1L5

P3 coxa0-1 basis1l-0 expIl-L,IILL5 enpO0-1;1L5

P4 coxa0-1 basis1-0 expl-1;1I[1,4 enp0-1;11IL3

P1, medial seta on basis extending over middle of enp2. P4, intercoxal sclerite not much smaller
than those of P1-P3; lateral lobes of coupler not produced, with smooth posterior margin; enp2
relatively large, about 2.5-2.8 times as long as wide, with 3-4 spinules in the middle; inner apical
spine stout, slightly swollen, more than 2 times as long as outer spine, slightly longer than enp2.

P5, basis completely incorporating into pedigerous somite, represented by 1 free exopod; exopod
cylindrical, armed with 1 minute medial spinule and 1 long apical seta.

Male: Body 530-600 um long. Fu about 3 times longer than wide. Lateral caudal seta locating
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Fig. 32. Microcyclops varicans. Female: A. habitus; B. anal somite and Fu, dorsal (left) and ventral
(right); C. A1; D. A2 basis, frontal; E. A2 basis, caudal; F. P1; G. P4. Male: H. genital somite and first
abdominal somite, ventral. Scales: 50 um (cited from Chang, 2009).
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slightly dorsally at distal third of Fu. P6 armed with 1 short innermost spine, 1 apical plumose seta,
and 1 longest outer seta somewhat dorsolaterally.

DisTRIBUTION: Cosmopolitan.

Korea: All provinces.

SPECIMEN EXAMINED: GG: (ditch, Ganghwa Island: 17.x.2012); GB: (lower stream of Hyeongsan
River, Angang: 19.v.2012); GN: (Upo Swamp, Changnyeong: 22.vi.2012); JN: (puddle, Paengmok
tidal embankment, Jindo: 19.x.2004).

EcoLoGy: Occurring in various freshwaters, especially abundant in the littoral zone of rivers,
streams, reservois and ponds, sometimes found in wells.

20. Microcyclops rubellus (Lilljeborg, 1901) (Fig. 33)

Eo-ri-kko-ma-geom-mul-byeo-ruk (¢ 2] 27u}-4 5 H &)

Cyclops rubellus Lilljeborg, 1901, p. 4, figs. 25, 26.

Cyclops (Microcyclops) rubellus: Kiefer, 1929, p. 67, fig. 25.

Cyclops (Microcyclops) varicans rubellus: Gurney, 1933, p. 260, figs. 1765-1770.

Microcyclops varicans rubellus: Rylov, 1948, p. 269, fig. 63, 3-10; Kim and Chang, 1989, p. 245, fig.
10f-i.

Microcyclops rubellus: Dussart, 1969, p. 182, fig. 90; Ishida, 2002, p. 59, fig. 30a-g; Chang and Min,
2005, p. 83, fig. 41C; Chang, 2009, p. 486, fig. 269.

Microcyclops (Microcyclops) rubellus: Tai and Chen, 1979, p. 377, fig. 223.

Female: Body small and slender, 520-630 um long. Prosome slightly flattened dorsoventrally;
posterior margins of second and third pedigerous somites with undulating fringe. P5 incorporating
into fifth pedigerous somite; basal seta extending laterally from outer distal corner of the somite in
dorsal view. Genital double-somite much longer than wide, with anterior part slightly swollen
laterally. Anal somite with transverse row of 12-18 sharp spinules along posterior margin both
dorsally and ventrally. Anal operculum slightly convex, with posterior margin truncated.

Fu about 3 times as long as wide, nearly parallel; medial margin not hairy; lateral margin smooth
without notch. Lateral seta inserted at about posterior 1/4 of lateral margin of ramus; outer caudal
seta about 0.8-0.9 times shorter than inner caudal seta, slightly longer than dorsal caudal seta.

Al 12-segmented, not reaching to posterior margin of cephalothorax; 1st, 8th and 9th segments
elongate; 9th segment bearing 2 asthetascs. A2, caudal face of basis ornamented with 5-7 long
setules curving inward near middle of outer margin.

P1-P4, both exopod and endopod 2-segmented. Spine formula 3,4,4,3. Seta/spine armature of
P1-P4 as follows.

P1 coxa0-1 basisl-1 expl-1;1I,1,4 enp0-1;1L4

P2 coxa0-1 basis1-0 expIl-L;IILL5 enpO0-1;1L5

P3 coxa0-1 basis1-0 expI-L;IILL5 enpO0-1;1L5

P4 coxa0-1 basis1-0 expl-1;1ILL4 enp0-1;1,1IL3

P1, medial seta on basis extending over middle of enp2. P4, intercoxal sclerite not much smaller
than those of P1-P3; lateral lobes of coupler not produced, with smooth posterior margin; enp2
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Fig. 33. Microcyclops rubellus, female. A. habitus; B. anal somite and Fu, ventral (left) and dorsal
(right); C. P5 and genital double-somite, ventral; D. Al; E. A2 basis, frontal; F. A2 basis, caudal; G.
P1; H. P4. Scales: 50 um (cited from Chang, 2009).
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relatively large, about 2.3-2.5 times as long as wide, with 4-5 spinules in the middle; inner apical
spine normal, not swollen, about 1.8 times as long as outer spine, about 2/3 times as long as enp2.

P5, basis completely incorporating into pedigerous somite, represented by 1 free exopod; exopod
cylindrical, armed with 1 minute medial spinule and 1 long apical seta.

DiISTRIBUTION: Korea, Japan, China, Europe, North America.

Korea: GW, CN, GB, GN, JN.

SPECIMEN EXAMINED: GW: (streamside, Jusu-ri, Okgye, Gangreung: 13.x.2011); GB: (Hugok Reser-
voir, Yeongcheon: 3.x.2012); JJ: (puddle, Yongdang-ri, Jeju Is.: 21.iii.2003).

EcoLoGy: Occurring in mostly small lentic fresh waters, such as swamps or temporay bogs, espe-
cially abundant among aquatic macrophytes.

21. Microcyclops longiramus Shen and Sung, 1965 (Fig. 34)

Gin-kko-ri-kko-ma-geom-mul-byeo-ruk (71 2 2] o3 EH )

Microcyclops (Microcyclops) longiramus Shen and Sung, 1965a, p. 173, figs. 19-26; Tai and Chen, 1979,
p- 381, fig. 266.

Microcyclops longiranus: Kim and Chang, 1989, p. 245, fig. 10f-I; Chang and Min, 2005, p. 83, fig. 41D~
G; Chang, 2009, p. 491, fig. 271.

Female: Body small and slender, 580-630 um long. Prosome slightly flattened dorsoventrally.
P5 incorporated into fifth pedigerous somite; basal seta extending laterally from outer distal corner
of the somite in dorsal view. Genital double-somite much longer than wide, with anterior part
slightly swollen laterally. Seminal receptacle with narrow, ellipsoidal anterior lobe. Anal somite
with 13-18 sharp spinules along posterior margin both dorsally and ventrally. Anal operculum
with middle of posterior margin slightly concave.

Fu about 4.0-4.5 times as long as wide, nearly parallel; medial margin not hairy; lateral margin
smooth without notch. Lateral seta inserted at about posterior 1/3-1/4 of lateral margin of ramus;
inner caudal seta about 1.2-1.3 times longer than outer caudal seta; dorsal caudal seta slightly
shorter than outer caudal seta.

A1 11-segmented, not reaching posterior margin of cephalothorax; 8th segment bearing 2 asthe-
tascs. A2, caudal face of basis with 6 spinules near middle of outer margin.

P1-P4, both exopod and endopod 2-segmented. Spine formula 3,4,4,3. Seta/spine armature of
P1-P4 as follows:

P1 coxa0-1 basisl-1 expl-1;1I[1,4 enpO0-1;114

P2 coxa0-1 basis1l-0 expIl-L,IILL5 enpO0-1;1L5

P3 coxa0-1 basis1-0 expIl-L;IILL5 enpO0-1;1L5

P4 coxa0-1 basis1-0 expl-1;1I[I4 enp0-1; 1,13

P1, medial seta on basis not reaching to middle of enp2. P4, intercoxal sclerite not much smaller
than those of P1-P3; lateral lobes little produced, with smooth posterior margin; enp2 relatively
large, about 2.3-2.5 times as long as wide, with 4-5 setules in the middle; inner apical spine normal,
not swollen, about 1.3-1.4 times as long as outer spine, about 2/3 times as long as enp?2.

P5, basis completely incorporated into pedigerous somite, represented by 1 free exopod; exopod
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Fig. 34. Microcyclops longiramus, female. A. habitus; B. genital double-somite; C. anal somite and Fu,
dorsal (left) and ventral (right); D. A1; E. A2 basis, frontal; F. A2 basis, caudal; G. P1; H. P4; I. P5.
Scales: A=100 um, B-I=50 um (cited from Chang, 2009).
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cylindrical, armed with 1 minute medial spinule and 1 long apical seta.

DisTRIBUTION: Korea, China.

Korea: GB.

SPECIMEN EXAMINED: GB: (streamside bog, Wolpo, Pohang: 10.v.2010).

EcoLogy: Usually occurring in small lentic waters, such as streamside bogs or puddles.

Genus Cryptocyclops Sars, 1927

Yu-ryeong-geom-mul-byeo-ruk-sok (& A= H5<)

Body small, 500-700 um long. A1l 11-segmented; its tip not reaching to posterior end of cephalo-
thorax. P1-P4, both endopods and exopods 2-segmented; P4 coupler much narrower and smaller
than other couplers. P5 incorporated into fifth pedigerous somite; exopod cylindrical, with minute
spine near midlength of inner margin.

Type species: Cryptocyclops bicolor (Sars, 1863).

SPECIES 21 (2 in Korea).

Key to the species of genus Cryptocyclops

1. Inner terminal spine on P4 enp2 about 4 times as long as outer terminal spine --««-------- C. bicolor
— Inner terminal spine on P4 enp2 about 1.4-1.8 times as long as outer terminal spine ----- C. javanus

22. Cryptocyclops bicolor (Sars, 1863) (Fig. 35)

Yu-ryeong-geom-mul-byeo-ruk (% A& H5)

Cyclops bicolor Sars, 1863, p. 253.

Cyclops (Microcyclops) bicolor: Kiefer, 1929, p. 70, fig. 26a; Gurney, 1933, p. 262, figs. 1771-1784.

Microcyclops bicolor: Rylov, 1948, p. 271, fig. 64, 1-5.

Microcyclops (Cryptocyclops) bicolor: Tai and Chen, 1979, p. 390, fig. 233.

Cryptocyclops bicolor: Dussart, 1969, p. 178, fig. 88; Kim and Chang, 1989, p. 246, fig. 12; Ishida, 2002,
p- 59, fig. 30h-n; Chang and Min, 2005, p. 85, fig. 42A-D; Chang, 2009, p. 493, fig. 273.

Female: Body small and somewhat slender, about 600 um long; live specimens tinged with pale
yellow, and preserved specimens usually milky white. Cephalothorax protruding anteriorly. P5
incorporated into fifth pedigerous somite; basal seta extending laterally from outer distal corner of
the somite in dorsal view. Genital double-somite much longer than wide, with anterior part slightly
swollen laterally. Seminal receptacle with posterior lobe concave in middle of posterior margin.
Anal somite with 9-10 spinules along posterior margin both dorsally and ventrally. Anal operculum
slightly convex, with smooth posterior margin.

Fu 3.5-4 times as long as wide, nearly parallel; medial margin not hairy; lateral margin smooth,
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Fig. 35. Cryptocyclops bicolor. Female: A. habitus; B. fifth pedigerous somite and genital double-
somite, ventral; C. A1; D. A2 basis, frontal; E. A2 basis, caudal; F. P1; G. P4. Male: H. habitus, dorsal.
Scales: A-C, F-H=50 um, D, E=20 um (cited from Chang, 2009).
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without notch. Lateral seta inserted at about distal quarter of ramus, slightly dorsally; inner caudal
seta about 2 times longer than outer caudal seta, slightly shorter than Fu; dorsal caudal seta
slightly longer than outer caudal seta.

A1 11-segmented, not reaching posterior margin of cephalothorax; 1st, 3rd, 7th and 8th segments
elongate. A2, basis smooth, without spinules or hairs in middle and distal part of both frontal and
caudal surfaces.

P1-P4, both exopod and endopod 2-segmented. Spine formula 3,4,4,3. Seta/spine armature of
P1-P4 as follows:

P1 coxa0-1 basisl-1 expl-1;1I1,4 enpO0-1;114

P2 coxa0-1 basis1-0 expIl-L;IILL5 enpO0-1;1L5

P3 coxa0-1 basis1-0 expIl-L;IILL5 enpO0-1;1L5

P4 coxa0-1 basis1-0 expl-1;1ILL4 enp0-1;1,1L3

P1, medial seta on basis not reaching middle of enp2. P4 much smaller than P1-P3; intercoxal
sclerite markedly short and somewhat broad with lateral lobes not protruding, posterior margin
smooth; distomedial part of basis enlarged, with 2 spinule rows; outer spines on exopods relatively
small; enp2 elongate, about 2.5-3.0 times as long as wide, with 3-4 spinules in the middle; inner
apical spine stout, lanceolate, about 4 times longer than outer spine, slightly shorter (80-90%) than
enp2.

P5, basis completely incorporated into pedigerous somite, represented by 1 free exopod; exopod
cylindrical, armed with 1 minute medial spinule and 1 long apical seta.

Male: Body about 500 um long. Fu about 3 times longer than wide. Lateral caudal seta located
slightly dorsally at distal quarter of Fu. P6 armed with 1 short innermost spine, 1 apical plumose
seta, and 1 long outer seta; outer seta situated somewhat dorsolaterally, very long, nearly reaching
posterior margin of first abdominal somite.

DISTRIBUTION: Korea, Japan, China, Russia, Europe, Alaska.

Korea: GW, GB, GN.

SPECIMEN EXAMINED: GW: (streamside, Jusu-ri, Okgye, Gangreung: 13.x.2011); GB: (lower reach
of Hyeongsan River, Pohang: 15.x.2012).

EcoLogy: Often collected from small lentic waters such as swamps or temporary bogs with abun-
dant macrophytes. Known as a stenothermal species favoring warm waters, with its population
size increasing in summer (Chang, 2009).

23. Cryptocyclops javanus (Kiefer, 1930) (Fig. 36)

Ja-ba-yu-ryeong-geom-mul-byeo-ruk (AH}-5-% H 58 &)

Cyclops (Microcyclops) javanus Kiefer, 1930, p. 187, fig. 5.

Microcyclops (Cryptocyclops) javanus: Tai and Chen, 1979, p. 384, fig. 228.

Cryptocyclops javanus: Kim and Chang, 1989, p. 247, fig. 13; Chang and Min, 2005, p. 87, fig. 42E, F;
Chang, 2009, p. 496, fig. 274.

Female: Body small and slender, 560 um long. Prosome ovoid, slightly flattened dorsoventrally;
posterolateral corners of prosomites not produced. P5 incorporated into fifth pedigerous somite;
basal seta extending laterally from outer distal corner of the somite in dorsal view. Anal somite
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Fig. 36. Cryptocyclops javanus, female. A. anal somite and Fu, ventral; B. Al; C. A2; D. P1; E. P4.
Scales: 50 um (cited from Chang, 2009).

with 12-18 spinules along posterior margin both dorsally and ventrally. Anal operculum slightly
convex, with smooth posterior margin.

Fu about 3 times as long as wide, nearly parallel; medial margin not hairy; lateral margin smooth,
without notch. Lateral seta inserted at about posterior 1/3-1/4 of lateral margin of ramus; outer
caudal seta about 1/2 times longer than inner caudal seta, slightly shorter than dorsal caudal seta.

A1 11-segmented, not reaching posterior margin of cephalothorax; 1st, 3rd, 7th and 8th segments
elongate. A2, basis smooth, without spinules or hairs in middle and distal part of both frontal and
caudal surfaces.

P1-P4, both exopod and endopod 2-segmented. Spine formula 3,4,4,3. Seta/spine armature of
P1-P4 as follows.

P1 coxa0-1 basisl-1 expl-1;1I1,4 enp0-1;114

P2 coxa0-1 basis1-0 expl-I;IILL5 enpO0-1;115

P3 coxa0-1 basis1-0 expIl-I;IILL5 enpO0-1;115

P4 coxa0-1 basis1-0 expl-1;1ILL4 enp0-1; 1,113
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P1, medial seta on basis not reaching middle of enp2. P4 much smaller than P1-P3; intercoxal
sclerite markedly broad, with lateral lobes not protruding, posterior margin smooth; distomedial
part of basis enlarged, with 2 spinule rows along posterior margin; outer spines on expl and exp2
relatively small; enp2 about 2.3-2.7 times as long as wide, with 3-4 spinules in the middle; inner
apical spine small, about 1.4-1.6 times longer than outer spine, about 1/3 times as long as enp?2.

P5, basis completely incorporated into pedigerous somite, represented by 1 free exopod; exopod
cylindrical, armed with 1 minute medial spinule and 1 long apical seta.

DisTRIBUTION: Korea, China, Indonesia.

Korea: GW, GB, GN.

SPECIMEN EXAMINED: GB: (rice paddies, Chuksan, Yeongdeok: 2011.vii.15).

EcoLogy: In South Korea, this species occurs in eutrophic bogs or marshes near the seacoast in
summer; known as a warm water (tropical) species; a rare species in Korea (Chang, 2009).

Genus Apocyclops Lindberg, 1942

Ya-reut-geom-mul-byeo-ruk-sok (o} 4 EH 5 %)

Body slender, about 1 mm long. Fu strikingly elongated, 6-10 times as long as wide; rami parallel
to each other. Al 11-segmented. P1-P4 with 2-segmented exopod and endopod. P5 basal segment
completely incorporated into fifth pedigerous somite; free exopod armed with 1 short spine and 1
long seta. Typically brackish, tropical species.

Type species: Apocyclops dengizicus (Lepechkine, 1900).

SpPecIES 11 (1 in Korea).

24. Apocyclops borneoensis Lindberg, 1954 (Fig. 37)

Ya-reut-geom-mul-byeo-ruk (OF= 4 EH %)

Apocyclops borneoensis Lindberg, 1954, p. 168, fig. 3; Ishida, 2002, p. 59, fig. 31; Yoon and Chang, 2008,
p. 244, fig. 5; Chang, 2009, p. 497, fig. 276.
Apocyclops japonensis Ito, 1957, p. 463, figs. 1-22; Mizuno and Miura, 1984, p. 589.

Female: Body about 970 um long, excluding caudal seta; somewhat slender, greatest width about
31% of body length at posterior margin of cephalothorax; tinged with pale brown. Prosome ellip-
soidal, slightly longer than urosome; widest at posterior margin of cephalothorax, and gradually
tapering behind. Rostrum reduced. Cephalothorax somewhat protruding anteriorly, about 2 times
longer than next three thoracic somites combined. Fourth pedigerous somite produced posterola-
terally. First urosomite (fifth pedigerous somite) broadened posteriorly; basal segment of P5 fully
fused into the somite, lateral basal seta issuing from dorsal side of the somite; exopodal segment
with 1 inner spine and 1 distal seta visible in dorsal view. Fifth pedigerous somite without patch of
hairs dorsolaterally.
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Genital double-somite 1.1 times longer than wide, anterior part slightly swollen laterally, nearly
as long as next three urosomites combined, and gradually tapering behind. Seminal receptacle
“T”-shaped in general appearance; anterior part forming lateral wings, their lateral tips not bent
posteriorly; posterior part ellipsoidal, much narrower than anterior part. Posterolateral margin of
anal somite with 7-8 spinules dorsally. Anal operculum gently convex, smooth on its posterior
margin.

Fu strikingly elongate, about 8 times (ranging 7.6-8.9) as long as wide, nearly parallel to each other;
with 1 oblique row of minute spinules proximal to dorsal seta, without hairs along inner (medial)
margin. Lateral caudal seta inserted at about distal third of lateral margin of ramus; lateral margin
not interrupted by minute spinules. Outer caudal seta 1.2-1.3 times longer than inner caudal seta.
Inner caudal seta about 1.5 times longer than outer terminal caudal seta, 1.8-1.9 times as long as
Fu. Dorsal caudal seta long, plumose, 2.3-2.5 times longer than outer caudal seta, and about half
the length of Fu.

Al slightly exceeding posterior margin of third prosomite, consisting of 11 segments, without
hyaline membrane on distal 3 segments; segments 7 and 8 elongate, segment 7 slightly (1.04 times)
longer than segment 8. Setal formula: 1-[9], 2-[4], 3-[6], 4-[1], 5-[1 (spiniform)], 6-[2], 7-[3], 8-[2+1
aesthetasc], 9-[2], 10-[2], 11-[7+1 aesthetasc]. A2 3-segmented, consisting of basis (fused with first
endopodal segment) and 2 free endopodal segments; exopod represented by 1 long seta at outer
distal corner of basis; basis with 3 setae along medial margin; first free endopodal segment with 9
setae, distal endopodal segment with 7 setae. Mandible, maxilla and maxilliped typical for the
genus Apocyclops.

P1-P4, biramous, both exopods and endopods 2-segmented. Spine formula 3,4,4,3. Seta formula
5,5,5,5. Spine/seta armature of P1-P4 as follows:

P1 Dbasis1-1 expl-1;111,1,4 enp 0-1; 1,1+1,3

P2 basis1-0 expl-1;1ILI+1,4 enp0-1;1,1+1,4

P3 basis1-0 expl-1;1ILI+1,4 enp0-1;1,1+1,4

P4 Dbasis1-0 expl-0;II+1,4 enp0-1;1,14

P1, basis with 1 inner seta exceeding middle of enp2; coupler with 2 lateral lobes, bearing 2-3
spinules on posterior margin; frontal face with 5-6 spinules laterally; caudal face with 1 row of 18-
21 spinules near posterior margin. P2 coupler with 1 transverse row of minute spinules on posterior
part of caudal face; lateral lobe ornamented with 2-3 spinules on posterior margin. P3 with same
setae/spine armature as P2; lateral lobes of coupler each with 4 spinules on posterior margin; caudal
face with 2 spinule rows. P4 coupler armed with 1 transverse row of about 20 spinules in the mid-
dle of caudal face and 4 spinules at each side; lateral lobes naked on posterior margin; coxa armed
with 1 transverse row of 18-21 spinules, without interruption or gap, along posterior margin of
caudal face; exp1 lacking inner seta; enp2 about 2.1-2.2 times as long as wide, about 1.7 times longer
than apical spine.

P5, basal segment fully fused into 5th pedigerous somite, lateral seta issuing from dorsal side of the
somite; exopodal (distal) segment trapezoidal, about 1.4 times wider than long, narrowing distally,
with 1 inner spine and 1 lateral seta; inner surface hirsute, densely furnished with minute spinules;
bearing 1 innermost spine and 2 setae, inner seta about 1.7 times longer than P5 segment (ranging
from 1.54-1.80), and nearly as long as outermost seta.

DISTRIBUTION: Korea, Japan (Iriomote Is., Okinawa; Mie, Honshu), Indonesia (Borneo).
KoREA: JN, JJ.
SPECIMEN EXAMINED: ]J: (Saeseom Islet, Jeju Island: 20.v.2009).
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Fig. 37. Apocyclops borneoensis, female. A. habitus; B. P5 and genital somite, ventral; C. Al; D. A2;

E.P1; F. P3; G. P4; H. P5. Scales: 50 um (cited from Chang, 2009).



Cyclopoida: Cyclopidae: Mesocyclops 77

EcoLogy: This species was described from a coastal salt marsh in Borneo, Indonesia, and reported
from saline waters in Kwangtung, southern China, and a coastal rice paddy in Iriomote Is., Okinawa,
Japan. In Korea, it was found in the salt marsh on Saeseom islet, adjacent to the breakwater of
Swegwipo Port, Jeju Is., southernmost part of Korea.

This must be a tropical species, and apparently favors shallow coastal salt marshes with high
organic matter content, especially in the summer (Yoon and Chang, 2008).

REMARKS: Ito (1957) described Apocyclops japonensis from eel-culture ponds near the seashore of
Mie prefecture, southern Honshu, Japan, and differentiated it from A. borneoensis Lindberg by the
more elongated Fu (slightly more than 10 times longer than wide, versus 7-9 times in A. borneoensis),
and a slightly larger body (slightly more than 1 mm long, 1,004-1,079 um in Chinese specimens,
and 962-983 um in Korean specimens). Ishida (2002) identified specimens found in a rice paddy
on Iriomote Is., Okinawa as A. borneoensis, and he regarded A. japonensis as a junior synonym of A.
borneoensis. Considering our specimens of A. borneoensis, we think that the relatively longer dorsal
caudal seta of A. japonensis (2.6-3.0 times as long as the outer caudal seta in A. japonensis, against
2.2-2.4 times in Borneo specimens, and 2.3-2.5 times in Korean specimens of A. borneoensis) should
be treated as a more significant taxonomic character than the above characters (Yoon and Chang,
2008; Chang, 2009).

Genus Mesocyclops Sars, 1914

Bo-tong-geom-mul-byeo-ruk-sok (- H=H5%)

Fu stout, 3-4 times as long as wide, with 1 lateral caudal seta at about distal 1/3 of lateral margin
of ramus. Al 17-segmented; last segment ornamented with hyaline membrane. P1-P4 with 3-
segmented exopods and endopods. P5 with 2 free segments; exopod armed with 1 long inner spine
and 1 long apical seta.

Type species: Mesocyclops leuckarti(Claus, 1857).

SpPECIES 90 (5 in Korea).

Key to the species of genus Mesocyclops

1. Fu pilose on anterior half of medial fage «++ st ssseessrssssisisiiiiiiiiiiiis M. mariae
— Fu not pilose on anterior half of medial face «w -+ sssessrssrimssmmsiniiiie s 2
2. Copulatory duct broad, sinuously folded «++++wssseesssseusmsisiiiniiiiiiiisiie, M. leuckarti
— Copulatory duct narrow, widely curved laterally - s wwsurssesmmiimsiniinisiis 3
3. P4 coupler with large, hooked OUtGrOWNS «+s+sesessesrssmsrisistisisiiniiitiiiiisie, M. pehpeiensis
— P4 Coupler with small, blunt triangular outgrowths .................................................................. 4
4. Spinules present at implantations of lateral and lateralmost terminal caudal setae - M. dissimilis

— Spinules absent at implantations of lateral and lateralmost terminal caudal setae ----- M. woutersi
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25. Mesocyclops leuckarti(Claus, 1857) (Fig. 38)

Bo-tong-geom-mul-byeo-ruk (254 EH )

Cyclops Leuckarti Claus, 1857a, p. 35, pl. I, fig. 4, pl. 11, figs. 1-14.

Mesocyclops leuckarti: Kiefer, 1981, p. 158, pl. I11, figs. 1-9; Van de Velde, 1984, p. 13, figs. 5-8; Ishida,
1999, p. 83; Guo, 2000b, p. 124; Ishida, 2002, p. 60, fig. 32a-h; Ueda and Reid, 2003, p. 101, figs. 40,
41; Lee, Jeon and Chang, 2005, p. 94, fig. 1; Chang and Mins, 2005, p. 89, fig. 44; Chang, 2009, p.
500, fig. 278.

Female: Body length 1.0-1.2 mm. Fifth pedigerous somite not pilose laterally. Genital double-
somite about 1.2 times longer than wide; seminal receptacle with relatively short lateral arms; large
slit pore present posterior to horseshoe-shaped copulatory pore; copulatory duct very wide and
sinuously curved inward, not laterally.

Fu about 3.3-3.6 times longer than wide, without special ornamentation on both lateral and medial
faces, except spinules at implantations of lateral and lateralmost terminal caudal setae. Outer caudal
seta less than 1/3 length of inner caudal seta, nearly as long as dorsal caudal seta.

Al furnished with serrate hyaline membrane with large notch on last segment, ventral spinule
ornamentation present on segments 4-5, 7-10 and 12-13, spinule arrangement as in figure. A2,
frontal surface of basis with longitudinal row of 18-23 spinules along proximal half of lateral mar-
gin; caudal surface of A2 basis ornamented with oblique spinule row around middle of medial
margin, longitudinal row of about 8 spinules along lateral margin rather sparsely, while nearly
regular around implantation of distomedial setae; enp2 with 7 setae.

P1-P4 biramous, both exopods and endopods 3-segmented; spine formula 2,3,3,3. Seta/spine
armature of P1-P4 as follows:

P1 Dbasis1-0 expl-1;I-1;1,1,3 enp0-1;0-2; 1,I+1,3

P2  basis1-0 expl-1;1I-1;1I,1,3 enp 0-1;0-2; 1,1+1,3

P3 basis1-0 expl-1;1-1;1I,1,3 enp 0-1; 0-2; 1,1+1,3

P4 Dbasis1-0 expl-1;1-1;11,1,3 enp 0-1;0-2, 1,IL,2

P1 basis without distomedial seta. P4, intercoxal sclerite smooth on both posterior and anterior
surface, with pair of large acute outgrowths on distal margin; P4 coxa with about 8-9 spinules
along distal margin; outer spine of P4 enp3 about 1.1 times longer than inner spine, apical spines
much shorter than P4 enp3, lateral edge of inner spine with many spinules.

P5 2-segmented, medial spine located just distal to midlength of medial margin of last segment,
medial spine shorter than apical seta.

DISTRIBUTION: Korea, Japan, China, Europe.

KoreaA: GG, GW, JN.

SPECIMEN EXAMINED: GW: (Hajodae, Yangyang: 2.iii.2010).

EcoLoGy: In Korea, this species is found rarely in salt marshes, reservoirs, bogs, streams and
irrigation ditches near the coast.

ReMARKS: This species is relatively rare among the congeneric species from Korea. This species
has been collected usually from the eutrophic littoral zones of both lentic and lotic waters, frequently
from streams or irrigation ditches (sometimes from oligohaline streams) near the southwest coast
of South Korea. This species is a “warm water” form and active from spring to early autumn and
resting in late autumn and winter, mainly in the copepodid V stage (Ueda and Reid, 2003). This
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Fig. 38. Mesocyclops leuckarti, female. A. anal somite and Fu, dorsal; B. P5 and genital somite, ventral;
C. copulatory duct; D. Al; E. A2 basis, frontal; F. A2 basis, caudal; G. P4. Scales: A, B, E-G=50 um,
C=10 um, D=100 um (cited from Lee, Jeon and Chang, 2005).
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species has the character combination of the basic pattern of spinule ornamentation on the A2 basis
(simple oblique row of spinules along the medial margin and longitudinal spinules along the lateral
margin, with a smooth field around the distal margin and implantation of the distomedial setae),
acute outgrowths on the distal margin of the P4 coupler, and a very wide copulatory duct that is
not curved laterally. The shape of the outgrowths on the distal margin of the P4 coupler is slightly
variable, from fully hooked to simple acute triangular (Lee, Jeon and Chang, 2005).

26. Mesocyclops pehpeiensis Hu, 1943 (Fig. 39)
Gal-go-ri-bo-tong-geom-mul-byeo-ruk (Z 11 8| 25 H=H5)

Mesocyclops leuckarti pehpeiensis Hu, 1943, p. 124, figs. 1-6.

Mesocyclops pehpeiensis: Tai and Chen, 1979, p. 409, figs. 247, 248; Kawabata and Defaye, 1994, p.
151, figs. 6, 7; Ishida, 1999, p. 84; Guo, 2000a, p. 33, figs. 1-4; Ishida, 2002, p. 61, fig. 33; Ueda and
Reid, 2003, p. 138, fig. 57; Lee, Jeon and Chang, 2005, p. 97, fig. 2; Chang and Min 2005, p. 91, fig.
45; Chang, 2009, p. 503, fig. 279.

Female: Body large and stout, 1.3-1.6 mm long; live specimens usually tinged with dark yellow
or brown. Prosome oval, widest at posterior margin of cephalothorax. Fifth pedigerous somite
without hairs laterally. Genital double-somite slightly longer than wide. Seminal receptacle with
long wide lateral arms. Copulatory duct widely curved laterally. Anal operculum convex, with
smooth posterior margin.

Fu 3.6-3.9 times as long as wide; without special spinule or setule ornamentation on both lateral
and medial faces, except spinules at implantations of lateral and lateralmost terminal caudal setae.
Lateral caudal seta located at distal third. Outer caudal seta less than 1/3 times as long as inner
caudal seta, nearly as long as dorsal caudal seta.

Al furnished with serrate hyaline membrane with large notch on last segment, ventral spinule
ornamentation present on antennulary segments 4-5 and 7-13, with spinule arrangement as in
figure. Anterior surface of A2 basis with longitudinal row of 28-30 spinules along lateral margin;
caudal surface of A2 basis ornamented with oblique spinule row around middle of medial margin,
2 longitudinal rows with about 15-18 and 6-8 spinules along lateral margin, and a few spinules
near distal margin and implantation of distomedial setae.

P1-P4 biramous, both exopods and endopods 3-segmented; spine formula 2,3,3,3. Seta/spine
armature of P1-P4 as follows:

P1 Dbasis1-0 expl-1;1-1;1L1,3 enp 0-1; 0-2; 1,1+1,3

P2 Dbasis1-0 expl-1;1-1;1I,1,3 enp 0-1; 0-2; 1,1+1,3

P3 Dbasis1-0 expl-1;I-1;1I,1,3 enp 0-1;0-2; 1,1+1,3

P4 Dbasis1-0 expl-1;1-1;1I,1,3 enp 0-1;0-2, 1,IL,2

P1 basis lacking distomedial seta. P4, intercoxal sclerite smooth on both posterior and anterior
surface, with pair of acute hook-shaped outgrowths on distal margin; P4 coxa with 8-10 spinules
along distal margin; apical spines of P4 enp3 nearly subequal, slightly shorter than P4 enp3, inner
apical spine with more than 10 spinules on lateral edge.

P5 2-segmented, medial spine located near middle of medial margin of exopod, apical seta slightly
longer than inner spine.
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Fig. 39. Mesocyclops pehpeiensis, female. A. anal somite and Fu, dorsal; B. P5 and genital somite,
ventral; C. copulatory duct; D. Al; E. A2 basis, frontal; F. A2 basis, caudal; G. P4. Scales: A, C, E-
G=50 um, B, D=100 um (cited from Lee, Jeon and Chang, 2005).
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DISTRIBUTION: Korea, Japan, China, Central Asia, Indochina, India, introduced in Mexico, USA.

KoOREA: All provinces.

SPECIMEN EXAMINED: CN: (Duung Pond, Taean: 22.viii.2012); GB: (rice paddies, Sangrim-ri, Gyeong-
san: 6.vi.2012; Aejiho Pond, Daegu University, Gyeongsan: 17.vi.2012; Saemot Reservoir, Yeongcheon:
2.x.2012); GN: (Upo Swmap, Changnyeong: 29.v.2012; Samrak swamp, Busan: 3.vi.2011).

EcoLoGy: In Korea, this species occurs frequently in various freshwaters, especially favoring
eutrophic water bodies with abundant aquatic vegetation. It is also found in brackish waters.

RemARKs: This species, which together with Mesocyclops dissimilis are the most common members
of the genus in Korea, seems to favor the detritus-rich littoral zone of various habitats, including
lotic waters such as streams and irrigation ditches.

This species was described as a subspecies of M. leuckarti from Pehpei, Sichuan Province, China
by Hu (1943), and afterwards redescribed from China (Shen and Tai, 1979), Japan (Kawabata and
Defaye, 1994) and Korea (Kim and Chang, 1989). However, all the records above, including the
original description, were based on the traditional “macrocharacters”, resulting in long-lasting
controversies on the identity of this species. Guo (2000a) redescribed M. pehpeiensis precisely based
upon the so-called “microcharacters” of Van de Velde (1984). This species is clearly distinguished
from the other congeners by the following characteristics: a much larger body (usually more than
1.50 mm in female) and relatively longer Fu (about 3.80 times longer than wide); acute hook-shaped
outgrowths on the posterior margin of the P4 coupler; copulatory duct widely curved laterally;
and spinules present near the distal margin and implantation of the distomedial setae of the A2
basis. The Korean specimens coincide well with the descriptions of Guo (2000b) and Ishida (2002),
except the slightly stronger spinule ornamentation near the distal margin of the A2 basis and along
the distal margin of the P4 coxopodite than in the Chinese and Japanese specimens (Lee, Jeon and
Chang, 2005).

27. Mesocyclops dissimilis Defaye and Kawabata, 1993 (Figs. 40, 41)

Kkok-ji-bo-tong-geom-mul-byeo-ruk (ZFA] 254 =H %)

Mesocyclops dissimilis Defaye and Kawabata, 1993, p. 121, figs. 1-25; Hotynska, 2000, p. 440, fig. 56;
Guo, 2000b, p. 128, fig. 9; Ishida, 2002, p. 61, fig. 34a-f; Ueda and Reid, 2003, p. 210, fig. 93; Lee,
Jeon and Chang, 2005, p. 99, figs. 3-5; Chang and Min, 2005, p. 93, figs. 46, 49A, B; Chang, 2009,
p- 506, fig. 281, 282.

Female: Body 0.8-1.0 mm long. Fifth pedigerous somite with hairs laterally, but bare dorsally;
genital double-somite slightly longer than wide; seminal receptacle with short wide lateral arms;
copulatory pore horseshoe-shaped; copulatory duct conspicuous, strongly curved as in figure.

Fu about 3.1-3.6 times longer than wide, with spinules at implantation of lateral and lateralmost
terminal caudal setae. Outer caudal seta about 1/4 times as long as inner caudal seta, nearly as
long as dorsal caudal seta.

A1 furnished with serrate hyaline membrane with large notch on last segment, ventral spinule
ornamentation present on antennulary segments 4-5 and 7-13, arranges as in figure. A2 basis
with longitudinal row of 23-30 spinules along lateral margin of anterior face; caudal surface of
basis ornamented with oblique spinule row around middle of medial margin, patch of minute
spinules proximal to implantation of distomedial setae and distal margin, a few minute spinules
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Fig. 40. Mesocyclops dissimilis, female. A. habitus; B. anal somite and Fu, dorsal; C. P5 and genital
double-somite, ventral; D. copulatory duct; E. Al; F. A2 basis, frontal; G. A2, caudal. Scales: 50 um
(cited from Lee, Jeon and Chang, 2005).
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Fig. 41. Mesocyclops dissimilis, female. A-D.P1-P4. Scales: 50 um (cited from Lee, Jeon and Chang,

2005).
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beside distal margin and longitudinal row of 13-20 spinules along lateral margin; enp2 armed with
7 setae.

P1-P4 biramous, both exopods and endopods 3-segmented; spine formula 2,3,3,3. Seta/spine
armature of P1-P4 as follows:

P1 basis1-0 expl-1;I-1;1,1,3 enp0-1;0-2; 1,I+1,3

P2  basis1-0 expl-1;1-1;1I,1,3 enp 0-1;0-2; 1,1+1,3

P3 basis1-0 expl-1;1-1;1I,1,3 enp 0-1;0-2; 1,1+1,3

P4 basis1-0 expl-1;1-1;1I,1,3 enp 0-1;0-2, 1,IL,2

P1 basis lacking distomedial seta. P4, intercoxal sclerite smooth on both posterior and anterior
surface, with pair of obtuse triangular outgrowths on distal margin; P4 coxa with 7-12 spinules
arranged intermittently along distal margin; apical spines of P4 enp3 nearly subequal (inner spine
generally slightly shorter than outer one), both spines slightly shorter than P4 enp3, inner apical
spine with more than 15 spinules on lateral edge.

P5 2-segmented, medial spine located on middle of medial margin of distal segment, apical seta
much longer than medial spine, outer seta of proximal segment slightly shorter than medial spine.

DisTRIBUTION: Korea, Japan, China, Vietnam, Russian Far East.

KoreA: All provinces.

SPECIMEN EXAMINED: CN: (Duung Pond, Taean: 22.viii.2012); GB: (Saemot Reservoir, Yeongcheon:
2.x.2012; Ahwa Reservoir, Gyeongju: 20.vi.2012).

EcoLogy: This species generally occurs in large lentic waters, such as reservoirs, lakes and dams,
as a pelagic plankter, but is sometimes found also in the relatively cold and oligosaprobic waters.
Pelagic planktonic individuals show a tendency toward a relatively smaller body than the “near-
shore” ecotype, as mentioned in Ueda and Reid (2003). In the “cold-water” season (usually from
November to March in Korea), Mesocyclops dissimilis diapauses in the copepodid IV or V stages (Lee,
Jeon and Chang, 2005).

REMARKS: “Mesocyclops leuckarti” reported from Youngsanho Lake by Yoo and Lim (1989) should
be corrected to this species, in consideration of the obtuse triangular outgrowths on the distal margin
of the P4 coupler and the presence of spinules at the implantations of the lateral and lateralmost
terminal caudal setae, although these were illustrated rather insufficiently or inadequately. Likewise,
most of the previous records reported as “M. leuckart” in limnological studies in Korea might be
misidentifications of this species, for the samples were usually composed of pelagic plankters, and
generally of the more common species studied only for limnological purposes, living in the large
reservoirs or main channels of large rivers (Lee, Jeon and Chang, 2005).

28. Mesocyclops woutersi Van de Velde, 1987 (Fig. 42)

Min-ga-si-bo-tong-geom-mul-byeo-ruk (Y1 7}A| H-§H -EH %)

Mesocyclops woutersi Van de Velde, 1987, p. 156, figs. 31-44; Hotynska, 2000, p. 414, figs. 35-37; Guo,
2000b, p. 128; Ishida, 2002, p. 61, fig. 34g-m; Ueda and Reid, 2003, p. 207, figs. 91, 92; Lee, Jeon
and Chang, 2005, p. 103, fig. 6; Chang and Min, 2005, p. 95, fig. 47; Chang, 2009, p. 510, fig. 283.

Female: Body 0.9-1.1 mm long. Fifth pedigerous somite with hairs laterally, but bare dorsally;
genital double-somite slightly longer than wide. Seminal receptacle with short wide lateral arms;
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Fig. 42. Mesocyclops woutersi, female. A. anal somite and Fu, dorsal; B. P5 and genital somite; C.
Al; D. A2 basis, frontal; E. A2 basis, caudal; F. P4; G. P4 enp3. Scales: A, C-G=50 um, B=100 um
(cited from Lee, Jeon and Chang, 2005).
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copulatory duct strongly curved.

Fu about 3-3.5 times longer than wide, without special spinule or setule ornamentation on both
lateral and medial faces, lacking spinules at implantations of lateral and lateralmost terminal caudal
setae.

Al furnished with serrate hyaline membrane with large notch on last segment, ventral spinule
ornamentation present on antennulary segments 4-5 and 7-13, arranged as in figure. A2 basis with
longitudinal row of 25-30 spinules along lateral margin of anterior face; caudal surface ornamented
with oblique spinule row around middle of medial margin, ellipsoidal patch of minute spinules
lateral to implantation of distomedial setae, a few spinules beside distal margin, and longitudinal
row of about 20 different-sized spinules along lateral margin; enp2 armed with 7 setae.

P1-P4, both exopods and endopods composed of 3 segments; spine formula 2,3,3,3. Seta / spine
armature of P1-P4 as follows:

P1 basis1-0 expl-1;I-1;1,1,3 enp0-1;0-2; 1,1+1,3

P2  basis1-0 expl-1;I-1;1IL1,3 enp 0-1;0-2; 1,1+1,3

P3 basis1-0 expl-1;I-1;1IL1,3 enp 0-1;0-2; 1,1+1,3

P4 basis1-0 expl-1;1-1;11,1,3 enp 0-1; 0-2, 11,2

P1 basipodite without distomedial seta. P4, intercoxal sclerite smooth on both posterior and anterior
surface, with pair of obtuse triangular outgrowths on distal margin. P4 coxa with 7-9 spinules
along distal margin; apical spines of P4 enp3 nearly equal in length, slightly shorter than P4 enp3,
inner apical spine with 5-7 spinules on lateral edge.

P5 2-segmented, medial spine located on middle of medial margin of distal segment, apical seta
slightly longer than medial spine, lateral seta of proximal segment slightly shorter than medial spine.

DisTRIBUTION: Korea, Japan, China, Indochina, Papua New Guinea, Australia.

Korea: GW, CN, GB, GN, JB, JN, JJ.

SPECIMEN EXAMINED: GB: (Oksancheon, Gyeongju: 23.vi.2011); JJ: (marshes, Sumeunmulbengdwi,
Halla Mt.: 11.ix.2010).

EcoLogy: Occurring in littoral zone of various freshwater bodies. In Korea, this species is abun-
dant in eutrophic lentic waters, especially in summer.

ReMARKS: This species constitutes the woutersi-superspecies together with Mesocyclops dissimilis,
and they are distinguished from the other three congeners from Korea by having the small triangu-
lar protrusion on the posterior margin of the P4 coupler and the patch of minute spinules on the
distomedial corner of the A2 basis. Mesocyclops woutersi differs from M. dissimilis by the absence of
spinules at the implantations of the lateral and outer caudal setae, and the sparsely spinulose lateral
blade of the medial apical spine of P4 enp3. This last characteristic is slightly variable in the Korean
populations, that is, generally with 5-7 spinules sparsely, but rarely with only 2-3 spinules or even
bare in some variations (Lee, Jeon and Chang, 2005).

29. Mesocyclops mariae Guo, 2000 (Fig. 43)

Teol-jul-bo-tong-geom-mul-byeo-ruk (=X 5 HEH5)

Mesocyclops mariae Guo, 2000b, p. 116, figs. 1-4; Ueda and Reid, 2003, p. 98, figs. 38, 39; Lee, Jeon
and Chang, 2005, p. 107, fig. 7; Chang and Min, 2005, p. 97, figs. 48, 49C-F; Chang, 2009, p. 512,
fig. 284.
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Fig. 43. Mesocyclops mariae, female. A. anal somite and Fu, dorsal (left) and ventral (right); B. genital
somite, ventral; C. copulatory duct; D. Al; E. A2 basis, frontal; F. A2 basis,caudal; G. P1, intercoxal
sclerite and basal part; H. P4; 1. Posterolateral corner of fifth pedigerous somite and P5, ventral.
Scales: A, B, E-1=50 um, C=10 um, D=100 um (cited from Lee, Jeon and Chang, 2005).
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Female: Body about 1.1 mm long. Fifth pedigerous somite pilose laterally; genital double-somite
slightly longer than wide; seminal receptacle with long wide lateral arms; transverse ducts meeting
at straight or concave angle anteriorly to horseshoe-shaped copulatory pore. Copulatory duct wide
and sinuously curved, or appearing folded in overview.

Fu about 3.95 times longer than wide, with 3-4 oblique rows of hairs along proximal half of medial
face; lateral caudal seta located at distal third of lateral margin of Fu; lacking spinules at implanta-
tions of lateral and lateralmost terminal caudal setae.

A1l furnished with serrate hyaline membrane with large notch on last segment, ventral spinule
ornamentation present on antennulary segments 4-5, 7-10 and 12-13, spinule arrangement as in
figure. A2 basis with longitudinal row of 18-20 spinules along proximal half of lateral margin of
anterior face; caudal surface ornamented with oblique spinule row around middle of medial margin,
longitudinal row of about 8 spinules along lateral margin rather sparsely, while nearly smooth
around implantation of distomedial setae.

P1-P4, both exopods and endopods 3-segmented; spine formula 2,3,3,3. Seta/spine armature of
P1-P4 as follows:

P1 basis1-0 expl-1;I-1;1,1,3 enp0-1;0-2; 1,1+1,3

P2 basis1-0 expl-1;1-1;1II,1,3 enp 0-1; 0-2; 1,1+1,3

P3 basis1-0 expl-1;1-1;1I1,1,3 enp 0-1; 0-2; 1,I+1,3

P4 basis1-0 expl-1;I-1;1I,1,3 enp 0-1;0-2, 1,I1,2

P1 basipodite lacking distomedial seta. P4, intercoxal sclerite smooth on both posterior and ante-
rior surface, with pair of large, acute hook-shaped outgrowths on distal margin. P4 coxopodite
with about 5 spinules sparsely along distal margin; apical spines of P4 enp3 nearly subequal (outer
spine about 1.1 times longer than inner spine), apical spines much shorter than P4 enp3, lateral
edge of inner spine with many spinules.

P5 2-segmented, medial spine located just anterior to midlength of medial margin of distal seg-
ment, lateral seta of proximal segment much shorter than medial spine and apical seta.

DisTRIBUTION: Korea, China.

Korea: GG.

SPECIMEN EXAMINED: GG: (Seokmodo Island, Ganghwa Island: 29.v.2005).

EcoLogy: Occurring in coastal swamp or ditches (Chang, 2009).

ReEMARKS: This species was originally described from a pool in southern China (Guangxi Province)
by Guo (2000b). In Korea, only one female was found in a small ditch flowing into the Yellow Sea,
near the westernmost mud flat of Ganghwa Is., about 50 km west of Seoul. The Korean specimen fits
well with the original description, except the relative length of apical spines on P4 enp3 (the medial
spine is shorter than the lateral one in the Korean specimen, while vice versa in the original descrip-
tion), the size arrangement of the setae/spine armature on P5 (the medial spine is longest in the
Korean specimen, while the apical seta is slightly longer than the medial spine in the original des-
cription), and the spinule ornamentation on the ventral surface of the first segment of the Al (simple
in Korean specimens, versus with several rows of minute spinules in the original description).

Among five Mesocyclops species from Korea, this species is most similar to M. leuckarti in sharing
the following important characteristics: wide and sinuously folded copulatory duct, basic ornamen-
tation pattern on the A2 basis, and possession of large and acute hook-shaped outgrowths on the
distal margin of the P4 coupler. However, M. mariae is easily distinguished from M. leuckarti by the
medial hairs on the Fu, absence of spinules at the implantations of the lateral and lateralmost
terminal caudal setae, and the pilose pediger 5 (Lee, Jeon and Chang, 2005).
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Genus Thermocyclops Kiefer, 1927

On-nan-geom-mul-byeo-ruk-sok (3 H EH 5%)

Body relatively small, 0.6-1.0 mm long in female. Fu 2-3 times as long as wide. Al 17-segmented.
P1-P4 with 3-segmented exopod and endopod. P4 enp3 with 2 apical spines. P5 of 2 free segments;
exopod with 1 long spine and 1 long seta apically.

Type species: Thermocyclops oithonoides (Sars, 1863).

SPECIES 65 (4 in Korea).

Key to the species of genus Thermocyclops

1. Fu not hairy along iNner Margin « -« e ssseessesssstsiuii s 2
— Fu pilose along iNNer Margin -+« s wssssessssessssmstsits it T. uenoi
2. Inner spine on P4 enp3 more than 2.5 times as long as outer spine ««««-«sweeeereremnr 3
— Outer spine on P4 enp3 about 1.2 times as long as inner spine -««««wsesseveeeeemnneeneenn T. dybowskii
3. Fu 2.2-2.5 times as long as wide; inner spine on P4 enp3 about 2.7 times as long as outer spine;

seminal receptacle “T7-Shaped «-++w+swssrssrrerrssrssrnsies e T. crassus
— Fu 2.7-3.0 times as long as wide; inner spine on P4 enp3 more than 4 times as long as outer spine;

lateral wings of seminal receptacle bent posteriorly -:«eessceeeseeesseremneinieinnee. T. taihokuensis

30. Thermocyclops crassus (Fischer, 1853) (Fig. 44)

Yu-ri-on-nan-geom-mul-byeo-ruk (2] & 5 H %)

Cyclops crassus Fischer, 1853, p. 92.

Cyclops hyalinus Rehberg, 1880, p. 542, pl. 6, figs. 1, 2; Lilljeborg, 1901, p. 40.

Mesocyclops (Thermocyclops) hyalinus: Kiefer, 1929, p. 83.

Cyclops (Mesocyclops) hyalinus: Gurney, 1933, p. 295, figs. 1880-1896.

Mesocyclops (Thermocyclops) crassus: Rylov, 1948, p. 305, figs. 77, 1-4.

Thermocyclops hyalinus: Tai and Chen, 1979, p. 416, fig. 253; Mizuno and Miura, 1984, p. 614, fig. 347,
1-6; Yoo and Lim, 1989, p. 135, pl. 9, figs. 1-4.

Thermocyclops crassus: Dussart, 1969, p. 210, fig. 108; Kim and Chang, 1989, p. 250, fig. 14; Ishida,
2002, p. 62, fig. 36a-h; Ueda and Reid, 2003, p. 265, fig. 125; Chang and Min, 2005, p. 97, fig. 50A-
D; Chang, 2009, p. 515, fig. 286.

Female: Body length 680-780 um. Live specimens tinged with pale yellow or pale brown. Pro-
some suboval. Fifth pedigerous somite not pilose laterally. Genital double-somite about 1.2 times
longer than wide; seminal receptacle “T”-shaped, with long, transverse lateral arms, distal ends not
bent posteriorly. Posterior margins of urosomites with crenate hyaline frill. Anal operculum convex,
with smooth posterior margin.

Fu relatively short, 2.2-2.5 times longer than wide, slightly divergent posteriorly, without special
ornamentation on lateral and medial margins. Lateral margin straight, not curved outward. Lateral
caudal seta inserted at about distal third of lateral margin of ramus. Inner caudal seta about 3 times
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Fig. 44. Thermocyclops crassus, female. A. habitus; B. P5 and genital double-somite, ventral;

ventral; D. Al; E. P1; F. P3, intercoxal sclerite;

Chang, 2009).



92 Invertebrate Fauna of Korea - Continental Cyclopoids II

longer than outer caudal seta. Dorsal caudal seta slightly shorter than outer caudal seta, and slightly
longer than Fu.

A1 17-segmented, reaching posterior end of second pedigerous somite.

P1-P4 biramous, both exopods and endopods 3-segmented; spine formula 2,3,3,3. Seta/spine
armature of P1-P4 as follows:

P1 Dbasis1l-1 expl-1;I-1;1,1,3 enp0-1;0-2; 1,I+1,3

P2 basis1-0 expl-1;I-1;1I,1,3 enp 0-1;0-2; 1,1+1,3

P3 Dbasis1-0 expl-1;I-1;1I,1,3 enp 0-1; 0-2; 1,1+1,3

P4 Dbasis1-0 expl-1;1-1;1I,1,3 enp 0-1;0-2, 1,IL,2

P1, distomedial seta on basis extending slightly past posterior margin of enp2. P4, intercoxal
sclerite with lateral expansions protruding, armed with 4-5 acute spinules along inner posterior
margin; posterior surface of intercoxal sclerite with 2 setule rows. P4 coxa with about 12-14 spinules
along posterior margin. P4 enp3, inner apical spine curved, about 0.8-0.9 times as long as enp3,
about 2.7 times longer than outer spine.

P5 2-segmented; exopod oblong, armed with 1 long inner apical spine and 1 apical plumose seta,
subequal in length.

DisTrRIBUTION: Cosmopolitan.

KoREeA: All provinces.

SPECIMEN EXAMINED: CN: (pond, Chungnam National University, Daejeon: 17.viii.2012); GB: (Yet-
jinmot Reservoir, Gyeongsan: 28.vi.2012; rice paddies, Sangrim-ri, Gyeongsan: 6.vi.2012; Saemot
Reservoir, Yeongcheon: 2.x.2012); GN: (Upo Swamp, Changnyeong: 22.vi.2012).

EcoLoGy: Occurring in various freshwater bodies; often co-occurring with Thermocyclops taihoku-
ensis, but more abundant in relatively large water bodies (dams, lakes and rivers) and oligosaprobic
waters, especially in spring and autumn (Chang, 2009).

31. Thermocyclops taihokuensis (Harada, 1931) (Fig. 45)

On-nan-geom-mul-byeo-ruk (23 EH %)

Mesocyclops (Thermocyclops) taihokuensis Harada, 1931, p. 163, figs. 26, 27; Kikuchi, 1940, p. 295, fig.
12.

Mesocyclops (Thermocyclops) asiaticus: Rylov, 1948, p. 303, fig. 76.

Thermocyclops taihokuensis: Kiefer, 1938, p. 67; Shen and Sung, 1962, p. 45; Shen and Sung, 1965a, p.
175, figs. 27, 28; Tai and Chen, 1979, p. 411, fig. 347, 7-12; Ueda and Reid, 2003, p. 282, fig. 135;
Chang and Min, 2005, p. 101, fig. 50E-H; Chang, 2009, p. 518, fig. 288.

Female: Body length 720-840 um; slenderer than that of preceding species; broadest at posterior
margin of cephalothorax; urosome sharply narrowing posteriorly. Live specimens tinged with pale
yellow or pale brown. Prosome ellipsoidal, protruding anteriorly. Postrolateral edges of prosomites
not produced. Genital double-somite about 1.4 times longer than wide; seminal receptacle “T”-
shaped, with paired long lateral arms, distal ends strongly bent posteriorly. Posterior margins of
urosomites with crenate hyaline frill. Anal operculum convex, with smooth posterior margin.

Fu relatively long, 2.7-3.0 times longer than wide, usually strongly divergent posteriorly, with
posterior half of ramus curved outward, without special ornamentation on both lateral and medial



93

Cyclopoida: Cyclopidae: Thermocyclops

B. P5 and genital double-somite, ventral; C.

female. A. habitus;

100 um,

; D. P1; E. P3, intercoxal sclerite; F. P4. Scales: A

T R S s A
g — R e e
b S A o

RN
Dy
e TR s e—

NTes

50 um (cited from Chang, 2009).

A2 basis, frontal (left) and caudal (right)

Fig. 45. Thermocyclops taihokuensis,
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margins. Lateral caudal seta inserted at about distal quarter of lateral margin of ramus. Inner caudal
seta about 2.7 times longer than outer caudal seta. Dorsal caudal seta about 2 times longer than
outer caudal seta, and about 1.7 times longer than Fu.

A1 17-segmented, reaching almost to posterior end of second pedigerous somite. A2 basis, row
of 9-11 spinules along proximal part of lateral margin of frontal surface; longitudinal row of 10-12
spinules near middle of caudal surface; distal parts of both frontal and caudal surfaces bare, lacking
hairs or spinules.

P1-P4 biramous, both exopods and endopods 3-segmented; spine formula 2,3,3,3. Seta/spine
armature of P1-P4 as follows:

P1 Dbasis1l-1 expl-1;I-1;1,1,3 enp0-1;0-2; 1,I+1,3

P2  Dbasis1-0 expl-1;1-1;1I,1,3 enp 0-1; 0-2; 1,I+1,3

P3 Dbasis1-0 expl-1;1-1;1I,1,3 enp 0-1; 0-2; 1,I+1,3

P4 Dbasis1-0 expl-1;1-1;1I,1,3 enp 0-1;0-2, 1,IL,2

P1, distomedial seta on basis extending slightly over posterior margin of enp2. P4, intercoxal
sclerite with lateral expansions strongly protruding, armed with 4-5 acute spinules on apex and
inner posterior margin; posterior surface of intercoxal sclerite with 2 setule rows. P4 coxa with
about 8-10 sharp spinules along posterior margin. P4 enp3, inner apical spine straight, about 1.2
times longer than enp3, about 3.7-4.0 times longer than outer spine.

P5 2-segmented; exopod oblong, armed with 1 long inner apical spine and 1 apical plumose seta,
subequal in length.

DISTRIBUTION: Korea, Japan, China, Taiwan, Vietnam, Russian Far East, Central Asia.

KoOREA: All provinces.

SPECIMEN EXAMINED: CN: (Duung marsh, Sindu-ri, Taean: 22.viii.2012); GB: (Aejiho Pond, Daegu
University, Gyeongsan: 17.vi.2012).

EcoLoGy: Occurring in littoral zone of various freshwater bodies; abundant in eutrophic ponds,
reservoirs and ricefields, especially in summer (Chang, 2009).

32. Thermocyclops dybowskii (Landé, 1890) (Fig. 46)

Han-cheol-on-nan-geom-mul-byeo-ruk (-3 24 &1 &)

Cyclops dybowskii Landé, 1890, p. 363, pl. 7, figs. 60-68.

Mesocyclops (Thermocyclops) dybowskii: Kiefer, 1929, p. 84; Gurney, 1933, p. 302, figs. 1901-1951; Rylov,
1948, p. 310, fig. 79.

Thermocyclops dybowskii: Shen and Sung, 1965b, p. 390; Dussart, 1969, p. 213, fig. 109; Tai and Chen,
1979, p. 417, fig. 254; Ishida, 2002, p. 63, fig. 37g-m; Ueda and Reid, 2003, p. 257, fig. 120; Chang
and Min, 2005, p. 103, fig. 51A-E; Chang, 2009, p. 521, fig. 290.

Female: Body length 740-930 um; broadest at posterior margin of cephalothorax; urosome sharply
narrowing posteriorly. Live specimens tinged with pale yellow or pale brown. Prosome ellipsoidal,
protruding anteriorly. Postrolateral edges of prosomites not produced. Cephalothorax longer than
next prosomites combined. Genital double-somite about 1.2 times longer than wide; seminal recep-
tacle “T”-shaped, with paired oblique lateral arms. Posterior margins of urosomites with crenate
hyaline frill. Anal operculum convex, with smooth posterior margin.
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Fig. 46. Thermocyclops dybowskii, female. A. habitus; B. anal somite and Fu, ventral; C. P5 and genital
double-somite, ventral; D. P1; E. P4. Scales: 50 um (cited from Chang, 2009).
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Fu relatively long, 2.7-3.3 times longer than wide, usually strongly divergent posteriorly, with
posterior half of ramus curved outward, without special ornamentation on both lateral and medial
margins. Lateral caudal seta inserted at about distal third of lateral margin of ramus. Inner caudal
seta slightly longer than Fu, about 1.5 times longer than outer caudal seta. Dorsal caudal seta slightly
shorter than outer caudal seta.

A1 17-segmented, reaching almost to posterior end of second pedigerous somite. A2 basis, row
of 9-11 spinules along proximal part of lateral margin of frontal surface; longitudinal row of 10-12
spinules near middle of caudal surface; distal parts of both frontal and caudal surfaces bare, lacking
hairs or spinules.

P1-P4 biramous, both exopods and endopods 3-segmented; spine formula 2,3,3,3. Seta/spine
armature of P1-P4 as follows:

P1 Dbasis1l-1 expl-1;I-1;1,1,3 enp0-1;0-2; 1,1+1,3

P2 Dbasis1-0 expl-1;1-1;1I,1,3 enp 0-1; 0-2; 1,I+1,3

P3 Dbasis1-0 expl-1;1-1;1I,1,3 enp 0-1; 0-2; 1,1+1,3

P4 Dbasis1-0 expl-1;1-1;11,1,3 enp 0-1;0-2, 1,IL,2

P1, distomedial seta on basis extending slightly over posterior margin of enp2. P4, intercoxal
sclerite with lateral expansions strongly protruding, armed with 5-7 acute spinules along posterior
margin; posterior surface with paired spinule rows, each consisting of 12-15 spinules in middle of
intercoxal sclerite. P4 coxa with about 14-16 sharp spinules along posterior margin. P4 enp3 long,
2.9-3.4 times as long as wide, about 1.4-1.5 times longer than outer apical spine; outer apical spine
about 1.1-1.2 times longer than inner spine.

P5 2-segmented; exopod oblong, armed with 1 long inner apical spine and 1 apical plumose seta,
subequal in length.

DisTRIBUTION: Korea, Japan, China, Russia, Pakistan, Algeria, Iran, Egypt, Europe.

Korea: GW, CN, GB, CB, CN, J].

SPECIMEN EXAMINED: GB: (well, Gameunsaji, Gyeongju: 26.v.2007).

EcoLoGy: Occurring in small freshwater bodies such as ponds or bogs, especially in summer
(Chang, 2009).

33. Thermocyclops uenoi Ito, 1952 (Fig. 47)
Ba-dat-ga-on-nan-geom-mul-byeo-ruk (9} G724 H 59 %)

Thermocyclops uenoi Ito, 1952, p. 119, figs. 22-25; Ito, 1954, p. 405, figs. 169-174; Ishida, 2002, p. 63,
fig. 38; Ueda and Reid, 2003, p. 222, fig. 96; Chang and Min, 2005, p. 103, fig. 51F-I; Chang, 2009,
p- 523, fig. 291.

Female: Body relatively large for a Thermocyclops species, 0.9-1.1 mm long; more slender than
that of preceding species; broadest at posterior margin of cephalothorax; urosome sharply narrow-
ing posteriorly. Live specimens tinged with pale yellow or pale brown. Prosome ellipsoidal, pro-
truding anteriorly. Postrolateral edges of prosomites not produced. Posterior margins of proso-
mites and urosomites with finely serrated hyaline frill. Genital double-somite about 1.1 times
longer than wide; transverse rows of minute spinules present on ventral and ventrolateral surfaces.
Seminal receptacle “T”-shaped, with long lateral arms, distal ends strongly bent posteriorly. Poste-
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Fig. 47. Thermocyclops uenoi, female. A. habitus; B. P5 and genital somite, ventral; C. anal somite
and Fu, ventral; D. A2 basis, caudal (left) and frontal (right); E. P1; F. P3, intercoxal sclerite; G. P4.
Scales: A=100 um, B-G=50 um (cited from Chang, 2009).
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rior margins of urosomites with crenate hyaline frill. Anal operculum slightly convex, with smooth
posterior margin.

Fu elongate, 3.7-4.0 times longer than wide, usually strongly divergent posteriorly, with poste-
rior half of ramus curved outward, ornamented with 4-5 groups of hairs along medial margin;
lateral margin smooth, without notch. Lateral caudal seta inserted at about distal third of lateral
margin of ramus. Inner caudal seta slightly shorter than Fu, about 1.3-1.5 times longet than outer
caudal seta. Dorsal caudal seta about 2 times longer than outer caudal seta, and about 1.7 times
longer than Fu.

A1 17-segmented, reaching nearly to middle of second pedigerous somite. A2 basis with 10 or
more spinules along proximal part of lateral margin of frontal surface; longitudinal row of 10-12
spinules near middle of caudal surface; distal parts of both frontal and caudal surfaces ornamented
with numerous minute spinules.

P1-P4 biramous, both exopods and endopods 3-segmented; spine formula 2,3,3,3. Seta/ spine
armature of P1-P4 as follows:

P1 Dbasis1-1 expl-1;1-1;1,1,3  enp0-1;0-2; 1,I+1,3

P2  Dbasis1-0 expl-1;1I-1;1I,1,3 enp 0-1;0-2; 1,1+1,3

P3 basis1-0 expl-1;I-1;1I,1,3 enp 0-1;0-2; 1,I+1,3

P4 basis1-0 expl-1;I-1;1I,1,3 enp 0-1;0-2, 1,II,2

P1, distomedial seta on basis extending slightly over posterior margin of enp2. P4, intercoxal
sclerite with lateral expansions strongly protruding, armed with 4-5 acute spinules along posterior
margin; posterior surface of intercoxal sclerite bare, without spinule row in middle. P4 coxa with
about 14-16 spinules along posterior margin. P4 enp3 about 2.5 times as long as wide, slightly
longer than inner apical spine; inner spine about 1.4-1.5 times longer than outer spine.

P5 2-segmented; exopod oblong, armed with 1 long inner apical spine and 1 apical plumose seta
(spine 1.2-1.3 times longer than seta).

DisTRIBUTION: Korea, Japan.

KOREA: JN.

SPECIMEN EXAMINED: JN: (well, Yeosu: 24.viii.2004).

EcoLogy: Inhabiting coastal wells and springs in Japan and Korea (Chang, 2009).

REMARKS: This species was described from coastal wells on the western coast of Japan, and later
found in a pond in a park near Tokyo (Ishida, 2002). In summer 2004, the author collected many
specimens from a spring in a fishing village on Tsushima Island, Japan.
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