AS E D http://e-ASED.org

Animal Systematics, Evolution and Diversity

New Records of Two Stichotrichid Ciliates,

Afroamphisiella multinucleata and Pseudokahliella marina

(Ciliophora: Spirotrichea: Stichotrichida) from Korea

Jung Min Choi'?, Mann Kyoon Shin%*

Department of Biological Science, University of Ulsan, Ulsan 680-749, Korea
2South Sea Environment Research Division, Korea Institute of Ocean Science and
Technology, Geoje 656-830, Korea

ABSTRACT

Two stichotrichid ciliates, collected from marine waters in Jeju Island, were identified as Afroamphisiella
multinucleata Foissner et a., 2002 and Pseudokahliella marina (Foissner et al., 1982) Berger et a., 1985. They
are recorded for the first time in Korea. The descriptions are based on examinations of living as well as pro-
targol-impregnated specimens. These species are characterized as follows. Afroamphisiella multinucleata has
a body size in vivo of 70-95 x 20-35 um; elongate rectangular in shape; contractile vacuole located slightly
above mid-body. The adoral zone is bipartited into 3 distal and 13-17 proxima membranelles and occupies
28-35% of the body length. The frontal row comprises 1-4 cirri and one buccal cirrus. The amphisiellid median
cirral row is composed of 14-21 cirri, 10-19 left marginal cirri, and 21-30 right marginal cirri. Cortical granules
are yellowish. 11-20 globular/ellipsoidal macronuclear nodules arrange proximally along the cell margins.
Pseudokahliella marina has a body size in vivo of 110-195 x 40-110 um and broadly elliptical in shape. The
adoral zone of the membranelles occupies 50-60% of the body length, and is composed of 41-70 membranelles.
A prominent frontal scutum is present. The contractile vacuole is located below the mid-body. There are 11-
13 frontoventral rows, including marginal rows. Caudal cirri and transverse cirri are absent. Three invariable
non-fragmented bipolar dorsal kineties are present. The left and right marginal rows are composed of 22-35
and 28-40 cirri, respectively. Colourless cortical granules are present. 8-11 spherical/ellipsoidal macronuclear
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nodul es are connected with each other by thread-like tructures, forming an inverted C-shape.
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INTRODUCTION

The order Stichotrichida was established by Fauré-Fremiet
(1961) on the bases of having a generaly ellipsoidal body
shape, being small to large in size, and having one or more
longitudinally-arranged ventral cirral row. This order includes
six families(Corliss, 1979; Berger, 1999, 2006, 2008, 2011;
Lynn and Small, 2002; Lynn, 2008). The two stichotrichsin
present study belong to the families Amphisiellidae and Ka-
hliellidae. These two families are quite different from each
other in their morphology and morphogenesis. The members
of Amphisiellidae have asingle ventral cirral row formed by
two segments comprising ventral anlage IV and V, whereas
more than two ventral cirral rows and neokinetal anlage are

present in those of Kahliellidae. The amphisiellid genus
Afroamphisiella which includes two species can be distin-
guished from other amphisiellid genera by the short rows
located at the |eft side of the amphisiellid median cirral row,
and the lack of caudal and transverse cirri (Foissner et al.,
2002; Berger, 2008). The kahliellid genus Pseudokahliella
is monotypic and differs from other kahliellid genera by the
absence of parental cirral row and dorsomarginal Kineties
(Foissner et al., 1982). The morphological descriptions on
these species were rare and still poor to define their exact
status so far. In this study, we provide alternative morpho-
logical descriptions for two stichotrichous ciliates collected
from Korean coastal waters and demonstrate their variations
from previous descriptions by comparisons of relevant popu-
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lations.

MATERIALS AND METHODS

Sample collection and enrichment

Ciliates samples were collected from marine waters in the
tidal pool on the basal rock in Gwangchigi coast (33° 27/04”
N, 126°55’28”E) located in Jeju Island: Afroamphisiella
multinucleata (January, 2010; salinity 36%o) and Pseudoka-
hliella marina (September, 2010; salinity 31%o). The speci-
mens were then transferred either to a Petri dish (87 mm in
diameter) or to a cell culture dish (150 mm in diameter).
These ciliates were cultured at room temperature in the lab-
oratory with the collected water, and dried wheat grain were
used to enrich fungi and bacteria as food resources for the
ciliates(Lee et al., 1985; Shin, 1994).

Morphological observation

The morphology of the living specimens was examined using
alight microscope equipped with a DIC device (Axio Imager
A1l; Carl Zeiss, Oberkochen, Germany) at low (50-400 x )
and high (1,000 x ; immersion oil) magnifications. Theimages
of specimens were captured by a CCD camera(Axio Cam
MRc; Carl Zeiss). The infraciliatures were examined after
protargol impregnations(Wilbert, 1975; Foissner, 1992). The
terminology and the taxonomic classification used follow
the guidelines given by Berger (2008, 2011) and Lynn (2008).

SYSTEMATIC ACCOUNTS

Order Stichotrichida Fauré-Fremiet, 1961

Family Amphisiellidae Jankowski, 1979

™ Genus Afroamphisiella Foissner, Agatha and Berger,
2002

2 Afroamphisiella multinucleata Foissner, Agatha and
Berger, 2002 (Tables 1, 2, Figs. 1-3)
Uroleptoides kihni: Borror and Evans, 1979: 54.
Afroamphisiella multinucleata Foissner et al., 2002: 699;
Berger, 2008: 372.

Description. General morphology and behavior: Body
size 70-95x 20-35 um in vivo, usually about 80 x 25 um;
length:width ratio 2.8-4.3: 1, on average 3.3: 1. Body shape
elongate rectangular; both ends broadly rounded; anterior
portion usualy curved leftwards(Figs. 1A, 2B, C); dorsoven-
traly flattened approximately 1.4: 1 (Figs. 1D, 2D). Single
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contractile vacuole sometimes with two collecting canals,
dightly above of the mid-body and near left cell margin (Figs.
1A, B, 2A, F). Body very flexible but not contractile(Fig. 2E).
Cytoplasm mainly colourless at low magnification, includ-
ing some fatty shining globules(Fig. 2J). Locomotion usually
crawling on substrate, bending to change the direction.
Buccal field and oral infraciliature: Adoral zone of mem-
branelles bipartited into proximal and distal portion by dis-
tinct gap (Figs. 1A, F, 3A), occupied 28-35% of body length
and composed of 16-20 adoral membranelles(Table 1, Figs.
1F, 3A). Buccal area narrow and shallow, posterior half cov-
ered by projecting buccal lip (Fig. 1A). Paroral and endoral
membranes parallel, endora longer than parora (Figs. 1F,
3E). Pharyngeal fibres distinct after protargol impregnation,
about 20um (Figs. 1F, 3A).
Somatic infraciliature: About 3-4, usualy 3 frontal cirri
(Figs. 1F, 3C). One buccal cirrus located at anterior end of
endoral membrane (Figs. 1F, 3E). One row of cirri longitudi-
nally arranged (frontal-row cirri) (Figs. 1F, 3D) below right-
most frontal cirrus, composed of 1-4, usually three cirri.
Amphisiellid median cirral row commenced slightly behind
rightmost frontal cirrus, comprising 14-21 cirri. Right mar-
ginal row with 21-30 cirri, extending posterior end (Fig. 3F),
left margina row with 10-19 cirri (Figs. 1F, 3A). Cauda cirri
and transvers cirri absent. Dorsal bristles 2-4 um long (Figs.
1G, 2H). Two to three dorsal kineties extending to posterior
portion, rarely third short row present (Figs. 1G, 3B).
Cortical granules: Cortical granules spherical in shape, lon-
gitudinaly arranged on both ventral and dorsal sides, dightly
to obvioudly yellow in colour, about 0.5um in diameter (Figs.
1B, C, E, 2I).
Nuclear apparatus: 11-20 globular to ellipsoidal macronu-
clear nodules, mostly arranged along cell margins, 3-10 um
in length. Two to five micronuclel, spherical, about 2 um in
diameter (Figs. 1G, 3A).
Distribution. Africa(Namibia), Asia(Korea [present study]),
and North America(USA).
Remarks. The genus Afroamphisiella was established based
on the African population by Foissner et a. (2002). Only two
species, Afroamphisiella multinucleata and A. abdita, have
been known so far in this genus. According to a review by
Berger (2008), the Uroleptoides kihni Wenzel, 1953 sensu
Borror and Evans (1979) was a misidentification of A. mul-
tinucleata. We aso consent to this opinion because its nuclear
apparatus and cirral pattern are very similar to A. multinu-
cleata.

The Korean population of A. multinucleata closely matched
the original description of Foissner et al. (2002) in major
aspects of morphology. However, the Korean population is
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Fig. 1. Afroamphisiella multinucleata from live (A-E) and protargol impregnated specimens (F, G). A, Ventral view of typical cell; B,
C, Arrangement of canals (arrow) and cortical granules on ventral and dorsal sides; D, Flattened lateral view; E, Cortical granules
on dorsal side; F, Somatic and oral infraciliature of ventral side; G, Dorsal kineties and nuclear apparatus. ACR, amphisiellid median
cirral row; A(Z)M, adoral (zone of) membranelles; BC, buccal cirrus; DB, dorsal bristles; EM, endoral membrane; FC, frontal cirri;
FRC, frontotal-row cirri (dotted box); LMC, left marginal cirri; Ma, macronuclei; Mi, micronuclei; PM, paroral membrane; RMC, right

marginal cirri. Scale bars: A, G=50 um, E=5um.

dightly different from the African population in the length
of the right marginal row. In the Korean population, the right
marginal row usually extends to the posterior end of cell,
whereas in the African population, it does not. The shape of
the cortical granulesis dlightly different in both Korean and
the African populations(spherica vs. ellipsoidal). The Korean
population of A. multinucleata is different from the other
congener, A. abdita, in the number of macronuclear nodules
(11-20 vs. 2-4), the number of buccal cirri (constantly 1 vs.
1-2), the number of left marginal cirri (10-19 vs. 22-34), the
short rows between frontal row cirri and amphisiellid median
cirral row (absent vs. present), and in the cortical granules
(present vs. absent) (Foissner et al., 2002; Berger, 2008)
(Table 2).

™ Family Kahliellidae Tuffrau, 1979

2 Genus Pseudokahliella Berger, Foissner, and Adam,
1985

% pseudokahliella marina(Foissner, Adam and Foissner,
1982) Berger, Foissner and Adam, 1985(Tables 3, 4,
Figs. 4-6)

Kahliella marina Foissner et a., 1982: 218.

Pseudokahliella marina: Berger et al., 1985: 309; Berger,
2001: 41; Hu and Song, 2003: 2033; Song et al., 2003:
161; Song et al., 2009: 398; Berger, 2011: 663.

Description. General morphology and behavior: Body size
110-195x 40-110 um in vivo, usually about 160 x 77 um;
length:width ratio about 2.2: 1. Body shape usually broadly
dliptical with both ends rounded but rarely elongated ellipti-
cal inshape(Figs. 4A, C, 5A, C); dorsoventrally flattened in
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Fig. 2. Photomicrographs of Afroamphisiella multinucleata from live specimens. A, Ventral view of typical cell; B, Somatic ciliature
and end of right marginal row (arrowhead) on ventral side; C, Arrangement of cortical granules on dorsal side; D, Flattened lateral
view; E, Showing flexible body; F, Contractile vacuole with collecting canal (arrowheads); G, Arrangement of cortical granules on
ventral side; H, Dorsal bristles (arrowheads); I, Patterns of cortical granules on dorsal side; J, Fat granules of posterior part (arrow-
heads); K, Food vacuoles. Scale bar: A=50 um.

an approximately 3: 1 ratio; ventral side slightly concave;
dorsal side distinctly convex (Figs. 4B, 5D, E). Prominent
frontal scutum on anterior end of cell (Figs. 4A, C, 5B). Body
very flexible but not contractile. Cytoplasm amost colourless
at low magnification, including greenish shining globules and
yellowish crystals (Fig. 5L-N). Single contractile vacuole
spherical in shape, located below mid-body and dightly right-
wards, size about 20 um in diameter (Figs. 4A, 5F). Locomo-
tion usually crawling on substrate and swimming spirally.
Omnivorous feeding (Figs. 5K, 6J, K).

Buccal field and oral infraciliature: Adoral zone of mem-
branelles occupied 50-60% of body length (Figs. 4F, 6A),

Anim. Syst. Evol. Divers. 28(3), 168-177

continuous and semicircular, distal end extended to dorsal
side of anterior end (Figs. 4F, G, 6B), composed of 41-70
adoral membranelles(Table 3, Figs. 4F, 6E), bases of widest
membranelle about 13 um in length. Buccal cavity narrow
and rather deep (Figs. 4A, 5B, C). Buccal lip prominent (Figs.
4A, C, 5G). Undulating membranes long, straight to slightly
curved (Figs. 4F, 6A). Paroral extended to near proximal end
of adoral, about 60 um long; endoral close to paroral, about
40 um long (Figs. 4F, 6E). Pharyngeal fibres about 35um
long and extended transversally (Figs. 4F, 5H, 6A).

Somatic infraciliature: Constantly three frontal cirri, near
anterior end region, two dightly enlarged cirri connected to
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Fig. 3. Photomicrographs of Afroamphisiella multinucleata after protargol impregnation. A, Ventral view of typical cell to indicate
macronuclei (arrowheads) and micronuclei (arrows); B, Dorsal view to indicate dorsal kineties (arrowheads); C, Three frontal cirri
(arrowheads); D, Frontal row cirri (arrowheads); E, Buccal cirrus (arrowhead) and undulating membranes (arrow); F, Right marginal
row extending to posterior end of cell (arrowhead). Scale bar: A=50 um.

Table 1. Morphometric data of Afroamphisiella multinucleata

Characters Mean Min Max Med SD SE cv n
Body, length (um) 80.3 65 94 80.2 8.24 1.89 10.25 19
Body, width (um) 25.0 17 31 25.6 4.06 0.93 16.21 19
Body, length/width 3.2 2.8 4.2 3.0 0.47 0.11 14.33 19
AZM, length (um) 27.2 24 29 27.4 1.45 0.33 5.34 19
Body, length/AZM, length 2.9 2.3 3.3 3.0 0.26 0.06 8.73 19
Ma, number 15.5 11 20 15.5 2.19 0.49 14.16 20
Mi, number 3.2 2 5 3 0.93 0.21 29.63 20
Distal AMs, number 3.0 3 3 3 0.00 0.00 0.00 20
Proximal AMs, number 15.0 13 17 15 1.10 0.25 7.35 20
AMs, number 18.0 16 20 18 1.10 0.25 6.12 20
FC, number 3.2 3 4 3 0.37 0.08 11.63 20
BC, number 1.0 1 1 1 0.00 0.00 0.00 18
FRC, number 2.7 1 4 3 0.81 0.18 30.67 20
ACR, number 16.9 14 21 17 1.65 0.40 9.80 17
LMC, number 15.6 10 19 16 2.21 0.54 14.17 17
RMC, number 24.2 21 30 24 2.27 0.52 9.39 19
DKs, number 2.2 2 3 2 0.41 0.11 18.82 15
DK1, number 9.2 6 14 9 2.14 0.53 23.25 16
DK2, number 11.1 9 13 12 1.41 0.36 12.64 15
DK3, number 2.0 1 3 2 0.82 0.41 40.82 4

All data are based on protargol-impregnated specimens.

Min, minimum; Max, maximum; Med, median; SD, standard deviation; SE, standard error; CV, coefficient of variation in %; n, number of cells; A(Z)M,
adoral (zone of) membranelles; Ma, macronuclei; Mi, micronuclei; FC, frontal cirri; BC, buccal cirrus; FRC, frontotal-row cirri; ACR, amphisiellid median
cirral row; LMC, left marginal cirri; RMC, right marginal cirri; DK, dorsal kineties.
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Table 2. Comparisons between different populations of Afroamphisiella multinucleata and A. abdita

Characters A. multinucleata A. multinucleata A. multinucleata® A. abdita
Body, length (um) 65-94 59-84 53 80-117
Body, width (um) 17-31 18-29 15 24-34
Distal AMs, number Constantly 3 3-4 3 -
Proximal AMs, number 13-17 13-16 15 -

Total AMs, number 16-20 16-19 18 18-22
BC, number Constantly 1 Constantly 1 1 1-2
FRC, number 1-4 1-3 2 2-3
ACR, number 14-21 11-22 17 14-21
LMC, number 10-19 11-22 17 22-34
RMC, number 21-30 13-34 25 30-37
Ma, number 11-20 14-29 14 2-4

Mi, number 2-5 1-6 3 2-3
DKs, number 2-3 2-3 3 Constantly 3
Cirral rows left of ACR® Absent Absent Absent Present
CG, shape Spherical Ellipsoidal - Absent
Data sources Present study Foissner et al. (2002) Borror and Evans (1979) Foissner (1997)

All data are based on protargol-impregnated specimens.
AM, adoral membranelles; BC, buccal cirrus; FRC, frontotal-row cirri; ACR, amphisiellid median cirral row; LMC, left marginal cirri; RMC, right marginal

cirri; Ma, macronuclei; Mi, micronuclei; DK, dorsal kineties; CG: cortical granules; —, uncertain data.
20nly one cell measured, "Excluding frontal row cirri.
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Fig. 4. Pseudokahliella marina from live (A-E) and protargol impregnated specimens (F, G). A, Ventral view of typical cell; B, Lateral
view showing dorsoventrally flattened body shape; C, Elongated elliptical body shape; D, Arrangement of cortical granules and pore
on dorsal sides; E, Ejected granules; F, Somatic and oral infraciliature of ventral side; G, Dorsal kineties and nuclear apparatus. AZM,
adoral zone of membranelles; BL, buccal lip; DK, dorsal kineties; EM, endoral membrane; FC, frontal cirri; FS, frontal scutum; FVC,
frontoventral cirri; LMC, left marginal cirri; Ma, macronuclei; Mi, micronuclei; PF, pharyngeal fiber; PM, paroral membrane; RMC,
right marginal cirri. Scale bars: A, G=50 um, D, E=5um.

the frontoventral cirral row but leftmost cirrus distinctly en- in anterior portion, extending to posterior end, comprising
larged and displaced leftwards (Figs. 4F, 6A, C). Usually 11-  22-35 cirri (Figs. 4F, 6H). Right marginal row commencing
13 frontoventral rows including left and right margina row,  from anterior one-third on dorsal side, comprising 28-40 cirri
arranged slightly obliquely backwards, each cirrus about 12 (Figs. 4G, 6F). Caudal and transverse cirri absent. Constantly
um long (Figs. 4F, 6G). Left marginal row curved inwards  three dorsal kineties with densely arranged cirri; bristle about

Anim. Syst. Evol. Divers. 28(3), 168-177 173
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Fig. 5. Photomicrographs of Pseudokahliella marina from live specimens. A, Ventral view of typical cell; B, Somatic ciliature and
frontal scutum (arrowhead); C, Elongated elliptical body shape; D, E, Ventral side flat while dorsal side convex (arrowheads) from
lateral and apical view; F, Contractile vacuole (arrowhead); G, Prominent buccal lip (arrowheads); H, Cytopharynx (arrowhead); I,
Left marginal cirri (arrow), frontoventral cirri (arrowheads) and right marginal cirri (double arrowhead); ], Dorsal bristle (arrowhead),
cortical granules (double arrowheads) and pore (arrows); K, Food vacuoles (arrowheads); L, Crystals distributed in cell (arrowheads);
M, Shining fat globules concentrated on posterior portion (arrowheads); N, Yellowish crystals (arrowheads) and greenish fat globules
(arrows); O, Ejected granules (arrowheads). Scale bars: A=50 um, N, O=5um.
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Fig. 6. Photomicrographs of Pseudokahliella marina from protargol-impregnated specimens. A, Ventral view of typical cell; B, Three
dorsal kineties (arrowheads); C, Three frontal cirri (arrowheads); D, Hook-like shape of adoral membranelles (arrowheads); E, Paroral
(arrowhead) and endoral (arrow) membranes; F, Right marginal cirral row on dorsal side (arrowhead); G, Frontoventral cirral rows
(arrowheads); H, Left marginal row (arrowhead); I, Macronucleus (arrowhead) with thread-like structure (double arrowhead) and
micronucleus (arrow); J, Ingested diatom (arrowhead); K, Ingested Euplotes sp. (arrowhead). Scale bars: A=100 um, I=5um, K=50
um.

5umlong(Figs. 4D, G, 5J, 6B).

Cortical granules: Cortical granules colourless about 1 um
in diameter, sparsely arranged on dorsal surface and longitu-
dinally between dorsal kineties but not detectable on ventral
side, (Figs. 4D, 5J). Completely extruded forms of cortical
granules, about 10 um long, club-like in shape, composed of
spherical head and elongated stem (Figs. 4E, 50).

Nuclear apparatus: Usually 8-11 macronuclear nodules,
spherical to ellipsoid but rarely sausage-shaped, size 9-21 x
6-13 um, connected to each other by thread-like structures,
forming C-shape in dorsal view. 7-9 micronuclei, spherical-
shaped, near the macronuclei, and 2.0-2.5 um in diameter
(Figs. 4G, 6l).

Anim. Syst. Evol. Divers. 28(3), 168-177

Distribution. Europe (France) and Asia(China, Korea[pre-
sent study]).

Remarks. The genus Pseudokahliella is monotypic and estab-
lished based on the original French population by Foissner
et al. (1982). The characteristics of the Korean population of
Pseudokahliella marina in this study agrees well with the
origina and subsequent descriptions in major aspects of mor-
phology (Foissner et al., 1982; Hu and Song, 2003; Song et
al., 2003, 2009). Generaly, the Korean population dightly
differs from the French population in the following charac-
teristics: (1) number of adoral membranelles(ca. 56 vs. ca.
66); (2) length of adoral zone of membranelles(ca. 85um vs.
ca. 68 umy; (3) length of dorsa bristles(ca. 5um vs. ca. 2
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Table 3. Morphometric data of Pseudokahliella marina

Characters Mean Min Max Med SD SE Ccv n
Body, length (um) 161 109 208 161.1 22.50 5.03 14.01 20
Body, width (um) 82 62 105 80.1 11.80 2.64 14.40 20
Body, length/width 2.0 1.7 2.9 2.0 0.30 0.07 15.35 20
AZM, length (um) 85 68 100 87.1 10.09 2.26 11.88 20
Body, length/AZM, length 1.9 1.6 2.6 1.9 0.25 0.06 13.37 20
AMs, number 56 41 70 56.5 6.95 1.55 12.49 20
Ma, number 9 8 11 9.0 0.85 0.19 9.58 20
Ma, length (um) 15 9 21 14.8 4,58 1.02 30.05 20
Ma, width (um) 10 6 13 10.2 1.61 0.36 16.47 20
FC, number 3 3 3 3.0 0.00 0.00 0.00 18
Frontoventral rows?, number 12 11 13 12.0 0.66 0.16 5.46 17
LMC, number 29 22 35 29.0 2.96 0.66 10.31 20
RMC, number 34 28 40 34.0 3.86 1.00 11.41 15
DKs, number 3 3 3 3.0 0.00 0.00 0.00 11

All data are based on protargol-impregnated specimens.

Min, minimum; Max, maximum; Med, median; SD, standard deviation; SE, standard error; CV, coefficient of variation in %; n, number of cells; A(Z)M,
adoral (zone of) membranelles; Ma, macronuclei; FC, frontal cirri; LMC, left marginal cirri; RMC, right marginal cirri; DK, dorsal kineties.

Including left and right marginal row.

Table 4. Comparisons of different populations of Pseudokahliella marina

Characters P. marina P. marina P. marina®
Body, length (um) 109-208 112-182 127-170 102-194
Body, width (um) 62-105 53-70 72-110 56-158
AMs, number 41-70 56-84 68-103 52-104
Ma, number 8-11 8-15 10-20 9-17
Ma, length (um) 9-21 7-22 8-16 13-29
Ma, width (um) 6-13 5.6-9 6-11 10-14
Mi, number 7-9 8-15 4-8
Mi diameter (um) 2.0-2.5 Ca. 1.5 Ca. 1.5
Cirral rows®, number 11-13 10-15 8-10 7-10
LMC, number 22-35 23-37 22-37 28-38
RMC, number 28-40 37-46 24-47 31-43
DB, length (um) Ca. 5 Ca. 5 5-6
UM, pattern Two (separated) Two (separated) Single (double-rowed)
CV, number One Two -
CV, position Behind mid-body Mid-body and slightly ahead -
CG, diameter (um) Ca. 1 Ca. 1.5 Ca. 1
Ejected CG, shape Club-shape - Spindle
Ejected CG, length (um) Ca. 11 - 5-7

Data sources Present study

Foissner et al. (1982)

Hu and Song (2003)

All data are based on protargol-impregnated specimens.

AM, adoral membranelles; Ma, macronuclei; Mi, micronuclei; LMC, left marginal cirri; RMC, right marginal cirri; DB, dorsal bristles; UM, undulating
membrane; CV, coefficient of variation in %; CG, cortical granules; —, uncertain data.
aTwo populations collected in 1996 and in 2000, °Including left and right marginal row.

um); (4) diameter of micronucleus (2.0-25um vs. ca 1.5
um); (5) diameter of cortical granules(ca 1 um vs. ca. 1.5
um); (6) number of contractile vacuoles (one vs. two); (7)
position of contractile vacuoles (behind mid-body vs. mid-
body and dightly ahead) (Foissner et al., 1982; Berger, 2011).
In addition, the following features are minor differences
between the Korean and Chinese populations: (1) pattern of
undulating membranes (two [separated] vs. single [double-
rowed]); (2) number of cirral rows including both marginal
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rows(11-13 vs. 7-10); (3) shape and length of gjected corti-
cal granules(club-like, ca. 11 um vs. spindle, 5-7 um) (Hu
and Song, 2003; Berger, 2011) (Table 4).
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