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ABSTRACT

To investigate the Korean ciliate fauna, two oxytrichid ciliates, Laurentiella strenua (Dingfelder, 1962) and
Notohymena australis (Foissner and O’ Donoghue, 1990) were collected from the Taehwa River in Ulsan,
South Korea. These two ciliates are reported for the first time in Korea. Descriptions were based on the obser-
vation of live and silver stained specimens. Diagnoses of these species are as follows. Laurentiella strenua:
body is approximately 320 x 170 um in size, an inverted triangular shape. Cytoplasmic globules are present in
both anterior and posterior margins, transparent and sized 10-15um in live specimens. Adora zone of mem-
branelles is covering about 50% of body length. Frontoventral-transverse cirri are arranged diagonally into 5
rows. Transverse cirri are arranged almost longitudinally and varied 4-6 in number. Dorsal kineties are 11
rows with multiple fragmentations. Macronuclei are 4-5 in number. Notohymena australis: body is approxi-
mately 170 x 50 um in live specimens, slender and long ellipsoidal shape. Y ellowish green cortical granules
are present as pairs or rows which composed of 3-6 granules. Adoral zone of membranelles is covering about
36% of the body length, composed of 39-50 adoral membranelles. Dorsal kineties is 6 rows. Macronuclei are

2 in number.
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INTRODUCTION

Two species of oxytrichid ciliates, representing two genera
Laurentiella and Notohymena, which were not previously
known in Korea, are investigated. Both genera are members
of the family Oxytrichidae which has a basicaly large and
distinctive somatic ventral ciliature as 18 frontoventral and
transverse cirri (FVT) and 6 frontoventral primordial streaks
in a division of morphogenesis. Up to now, more than 440
species were described worldwide in 45 oxytrichid genera,
however, about 170 species are considered as valid (Berger,
1999; Lynn, 2008). Most oxytrichid genera including Noto-
hymena show frontoventral cirri scattered anterior to mid-
area of ventral surface, however, some oxytrichid genera,
such as Laurentiella and Onychodromus have conspicuous
rows of frontoventral cirri which extend to mid-posterior
surface (Lynn, 2008). Laurentiella has an increased number
of FVT cirri which means the typical 18 FVT cirra pattern
modified and deviated from basic cirral pattern indepen-
dently (Foissner et a., 2004; Schmidt et a., 2007). Taxono-
mic position and status of L. strenua was unstable partly
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because their descriptions were poor and inaccurate. On the
contrary to Laurentiella, genus Notohymena is one of typi-
cal members of Oxytrichidae. In Korea, 20 species of 11
oxytrichid genera have been described so far from fresh-
water, soil and marine habitats (Shin and Kim, 1988, 1993,
1994, 1996; Kwon and Shin, 2004, 2005, 2008; Jo et al.,
2005; Gong and Choi, 2007; Gong et a., 2007). Two oxy-
trichid ciliates L. strenua and N. australis are newly des-
cribed in this study with detailed illustrations and photo-
graphs to elucidate the Korean ciliate fauna.

MATERIALS AND METHODS

Sampling. The specimens of Laurentiella strenua and Noto-
hymena australis were collected from two freshwater habi-
tats (salinity 0-0.01%; N35° 33’27, E129° 16'15”; N35°
33107, E129° 16'21") in the Taehwa River located in Ulsan,
South Korea. Samples were collected on August 27, 2007
and April 16, 2008 respectively. Water samples were taken
from some water plants, algal mat, sands and detritus in the
littoral zone of the river. The collected samples were moved
to the laboratory, and maintained within a cool bag to pre-
vent temperature rising. The ciliates were isolated from the
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raw culture in a petridish at room temperature.

Observation and staining. The shape and body size, food
vacuoles, cytoplasm, oral apparatus and cortical granules
were observed from live specimens. Silver impregnation was
performed as described by Wilbert (1975) and Shin and Kim
(1993). For further image processing, Adobe Photoshop 7.0
was used. Counts and measurements on silver impregnated
specimens were conducted at a magnification of x 1,000.
Drawings of live specimens were based on free-hand ske-
tches and using by Adobe Illustrator ver. 10. The classifi-
cation scheme used was in accordance with that of Corliss
(1979) and Lynn (2008).

RESULTS AND DISCUSSION

Subclass Stichotrichia Small and Lynn, 1985
Order Sporadotrichida Fauré-Fremiet, 1961
Family Oxytrichidae Ehrenberg, 1838

* Genus Laurentiella Dragesco and Njine, 1971

21, Laurentiella strenua (Dingfelder, 1962)
(Figs. 1, 2and Table 1)
Paruroleptus strenuus Dingfelder, 1962, 617; Czapic and
Jordan, 1976, 284.
Laurentiella strenua: Berger and Foissner, 1989, 29.
Laurentia macrostoma Dragesco, 1966, 85; Borror, 1972,
14; Jankowski, 1979, 57.

Description. Body size 200-400 x 70-200 um, usually 320
x 170 um, length: width about 2: 1 in stained specimens.
Body shape similar to an inverted triangular; anterior end
wide, posterior narrowly rounded or tapered, posterior
quarter strongly flattened and thus translucent (Figs. 1A, D,
2A). Ventral side flat and dorsal distinctly arched (Figs. 1G,
2C). Body rigid. Contractile vacuoles located in mid-body
at the left margin of cell, at alevel of buccal vertex, forming
diastole with an anterior canal. Cytoplasm usually dark at
low magnification due to numerous cytoplasmic crystals
and food vacuoles(Figs. 1D, 2A); crystals sized about 1 x 4
pm and various shapes (Figs. 1E, 2D). The cytoplasmic
globules very conspicuous, located in both anterior and poste-
rior ends of the cell, 10-15um in diameter, ring shaped, trans-
parent and shining in live specimens(Figs. 1A, F, 2E). Cort-
ical granules absent. Movement creeping on the substratum
and swimming like arotating board.

Buccdl field and oral infraciliature: Buccal area very broad
and deep like bowl-shaped (Fig. 1A). Adoral zone of mem-
branelles covering about 50% of cell length with 54-75 ado-

ral membranelles in impregnated specimens. Undulating
membrane 100-150 um long; the paroral and endoral mem-
brane straight or slightly curved and arranged side by side,
anterior end of paroral membrane slightly curved and dense
(Figs. 1B, 2F, G).

Somatic infraciliature: Frontal cirri enlarged, 25 um long
in size and 3 in number. Frontal-ventral-transverse cirral
rows diagonally arranged and 5 in number; Leftmost cirral
row (=first row) with 3 to 5 cirri excluding frontal and
transversals, usually 4, 2th row with 3 to 7 cirri, usualy 5,
3th row with 4 to 7, usualy 6, 4th row with 8-12 cirri, usual-
ly 10, rightmost row (=5th row) 9-13 cirri, usualy 11, some-
times anteriormost cirrus presented above 3th row (Figs. 1B,
2F, G). Transverse cirri arranged almost longitudinally and
varied from 4 to 6, mostly 6 in number, slightly separated
into two parts at posterior end of cell; one part composed of
3 cirri, located behind the 5th row and the other part com-
posed of 3 cirri, located behind between the 3th and 4th rows
(Figs. 1B, 2B, F, G). Oneright and left marginal rows com-
posed of 30-50 and 21-35 cirri, respectively. Both marginal
rows nearly separated at the posterior end of body. Caudal
cirri rather inconspicuous and 3 in number. Dorsal kineties
more than 11 rows, complicated rows composed of appro-
ximately 4um long bristles(Figs. 1C, 2H).

Nuclear apparatus. Macronuclear nodules located between
left side of undulating membrane and right of adoral zone of
membranelles, ovoid to spherical form and usually 4 in
number; anteriormost nodule 10-35 x 5um in stained speci-
mens. Micronuclei adhering to macronucleus, 2-5um in
diameter and usually 1 to 4 in number (Figs. 1C, 2F-H).
Microhabitat. Detritus in littoral zone of river, salinity 0-
0.01%.

Distribution. Europe (Austria, France, Germany, Poland,
Spain), Asia(Japan, Korea).

Remarks. Laurentiella strenua has a unique characteristic of
having 5-7 frontal-ventral-transverse cirral rows among Oxy-
trichidae. The Korean population of L. strenua (Dingfelder,
1962) basically correlates well with the redescriptions of L.
strenua by Czapic and Jordan (1976), Fedriani et a. (1976)
and Szabo6 and Wilbert (1987), especially in respect to 5
frontal-ventral-transverse cirral rows, 4-8 transverse cirri,
and 4 macronuclear nodules(Berger, 1999).

The Korean population of this speciesis dightly different
from the population typified by Berger and Foissner (1989),
but mostly could be regarded as being a variation of the
arrangement of frontal-ventral-transverse cirral rows and
the number of macronuclei in these populations.

Laurentiella strenua is similar to Stylonychia vorax in
terms of large body, outline, wide anterior part and slightly
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Fig. 1. Laurentiella strenua from live (A, D-G) and stained specimens (B, C). A. Ventral view of typical individuals; B and C. Infra-
ciliature on ventral and dorsal side; D. Cytoplasm shown dark at low magnification; E. Cytoplasmic crystals; F. Shining cytoplasmic
globules; G. Lateral view. Scale bar in A=100 um.

tapered posterior part only at low magnification. However,  the pattern of frontal-ventral-transverse cirra rows, the in-
the distinctive differences between these two species arein  creased number of macronuclel and the non-prominent cau-
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Fig. 2. Laurentiella strenua from live (A-E) and stained specimens (F-H). A. Ventral view of typical individuals; B. Somatic ciliary
rows on ventral side; C. Lateral view; D. Cytoplasmic crystals; E. Cytoplasmic globules; F and G. Variations of ventral infraciliature;
H. Dorsal kineties. Scale bar in A=100 um.
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Table 1. Morphometric data of Laurentiella strenua (Dingfelder, 1962) (Ls), Notohymena australis (Foissner and O'Donoghue,

1990) (Na)

Characteristics p Mean Med Min Max SD SE Ccv n
Body, length in vivo Na 165 163 155 180 8.5 2.7 5.2 10
Body, width in vivo Na 50 50 40 70 8.2 2.6 16.3 10
Body length/width, ratio Na 3.4 3.4 2.4 3.9 0.4 0.1 12.4 10
Body, length Ls 315 300 200 400 37.4 6.6 12.5 32

Na 151 155 130 160 11.1 2.9 7.3 15
Body, width Ls 168 175 70 200 34.0 6.0 19.4 32
Na 54 50 40 70 7.4 1.9 13.6 15
Body length/width, ratio Ls 2 2 1 5 0.8 0.1 39.8 32
Na 3 3 2 4 0.5 0.1 16.5 15
AZM, length Ls 159 150 100 200 21.8 3.8 14.5 33
Na 54 55 40 63 5.8 1.5 10.7 15
AZM/body length, ratio Ls 51 50 33 75 7.1 1.2 14.1 32
Na 36 36 31 40 3.0 0.8 8.5 15
AM, number Ls 66 66 54 75 4.7 0.9 7.1 27
Na 43 43 39 50 3.9 1.0 9.1 14
Ma, number Ls 4 4 4 5 0.2 0.0 4.9 26
Mi, number Ls 2 2 1 4 0.9 0.2 43.3 25
Na 4 4 2 6 1.6 0.5 40.1 8
Cirral row 1, number Ls 4 4 3 5 0.5 0.1 11.8 25
Cirral row 2, number Ls 5 4 3 7 1.0 0.2 25.0 25
Cirral row 3, number Ls 6 6 4 7 1.0 0.2 15.9 24
Cirral row 4, number Ls 10 10 8 12 1.0 0.2 10.1 25
Cirral row 5, number Ls 11 11 9 13 1.2 0.2 10.8 23
RMC, number Ls 41 41 30 50 4.1 0.9 10.2 22
Na 36 38 30 41 4.3 1.4 11.8 1
LMC, number Ls 29 29 21 35 2.7 0.6 9.4 21
Na 36 35 31 46 4.2 1.3 11.7 10
TC, number Ls 6 6 4 8 0.8 0.2 13.1 20
Na 5 5 5 5 0.0 0.0 0.0 11

The abbreviations in the table are as follows: A(Z)M=adoral (zone of) membranelles; CV=coefficient of variation in %; DK=dorsal kineties; FC=frontal
cirri; Ma=macronuclei; Max=maximum; Med=median; Mi=micronuclei; Min=minimum; n=population size; p=population; RMC and LMC=right and left
marginal cirri; SD=standard deviation; SE=standard error; TC=transverse cirri.

dd cirri. This speciesis regarded as a monotypic species, be-
cause different species, Paruroleptus strenuous Dingfelder,
1962, Laurentia macrostoma Dragesco, 1974 and Onycho-
dromus acuminatus Fedriani, Torres, Pérez-Silva, 1976, and
all congeners were synonymized by Berger and Foissner
(1989) and Berger (1999).

Family Oxytrichidae Ehrenberg, 1838
* Genus Notohymena Blatterer and Foissner, 1988

2. Notohymena australis (Foissner and
O’ Donoghue, 1990) (Figs. 3,4, 5and Table 1)
Oxytricha australis Foissner and O’ Donoghue, 1990, 689.
Notohymena australis: Blatterer and Foissner, 1988, 68; Ber-
ger, 1999, 340.

Description. Body size 155-180 x 40-70 um, usualy 170 x
50 um, length: width 3.4: 1 on average in live specimens.
Body slender and long ellipsoidal, sometimes dightly ovoid,;

anterior end rounded with distinct collar, sometimes bent left-
ward, posterior end rounded, slightly converging posteriorly,
usualy paralel in mid of left and right sides but dlightly vau-
Ited on left margin at level of contractile vacuole; ventrally
flat, dorsally slightly convex (Figs. 3A, D, G, 4A-C, H). Body
soft and flexible(Fig. 4G). Contractile vacuole slightly above
mid-body at left margin of cell, without distinct collecting
canals. Cytoplasm transparent, appeared dark brown at low
magnification, with many refractive cytoplasmic globules
distributed below postoral region, filled with large, many
shining globules (Figs. 3E, 4B, D). Food vacuoles contain-
ing various diatoms (Fig. 5C). Cortical granules yellowish-
green and mostly along cirral rows on ventral and dorsal
side; each granule measured at 0.5-1 um across, composed of
3-6 granules in pairs or a row (Figs. 3F, 4E, F, 5D). Move-
ments creeping on the bottom.

Buccal field and oral infraciliature: Buccal area moderate-
ly narrows, but deep, curved semicircular at anterior portion.
Adoral zone of membranelles covering 36% of body length
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Fig. 3. Notohymena australis from live (A, D-G) and stained specimens (B, C). A. Ventral view; B and C. Infraciliature on ventral
and dorsal side; D. Lateral view; E. Cytoplasm at low magnification; F. Cortical granules on dorsal side; G. Body shape bent
leftward anterior. Scale bars in A, B, F=50 um.

composed of 39-50 adoral membranelles in stained speci-  distal end of parora membrane hook-like shape (Figs. 3B,
mens. Undulating membrane ordinary Notohymena pattern; 5A, C).
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Fig. 4. Notohymena australis from live specimens. A, B, C. Ventral view and various body shapes; D. Greasily cytoplasm with shin-
ing globules; E and F. Cortical granules at dorsal and ventral side; G. Flexible body; H. Lateral view.
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Fig. 5. Notohymena australis from stained specimens. A and B. Infraciliature on ventral and dorsal sides (Arrowhead in A denotes
hook like distal end of paroral membrane); C. Food vacuoles with various diatoms; D. Cortical granules on dorsal surface; E. Infra-
ciliature and undulating membranes at frontal region. Arrowhead denotes anteriormost frontoventral cirrus; F. Nuclear apparatus;
G. Pre-transverse cirri, left and right marginal cirri and caudal cirri (arrowhead).
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Somatic infraciliature: Frontal cirri enlarged and 3 in num-
ber. Buccal cirrus right of paroral membrane. Frontoventral
cirri 4 in number: Anteriormost one separated the other 3
frontoventral cirri (Fig. 5E arrowhead). Postoral ventral cirri
3 in number. Pre-transverse cirri 2 in number. Transverse
cirri obligue J-shaped, each cirrus approximately 25 um
long in live, 5 in number. One right and 1 left marginal rows
composed of 30-41 in right and 31-46 cirri in |eft row; both
marginal rows distinctly separated posterior, usually left mar-
ginal row extended to right corner of posterior end and each
cirrus approximately 10 um long in live specimens. Dorsal
kineties 5 to 6 rows with bristles(Figs. 3C, 5B). Caudal cirri
conspicuous in live state, located dorsally on the gap between
both marginal rows, about 20um long, 5 to 7 in number (Fig.
5A, G).

Nuclear apparatus: Macronuclear nodules located close
together in middle of cell, anterior one measured 20 x 10
um in protargol specimens, ellipsoidal or oval shape, 2 in
number. Micronuclei adhered to macronuclear nodules,
ellipsoidal shape, sized about 3x 2um and 2 to 6, usualy 4
in number (Fig. 5A, F).

Microhabitat. Detritus and sand in littoral zone of river,
salinity 0.01%.

Distribution. Europe (Germany), Australia, Asia (Korea).
Remarks. The Korean population of Notohymena australis
(Foissner and O’ Donoghue, 1990) basically agrees with
original description and subsequent redescriptions in terms
of the number of caudal cirri and the color of cortical granu-
les. The number of postoral cirri in Korean population is dif-
ferent from that of original description, however, there are
some variations in it (Berger, 1999). A redescription of Euro-
pean population by Gschwind (1991) is amost identical to
that of Korean population especially in body size, number
of right and left marginal cirri, while the pattern and arrange-
ment of cortical granules in both populations are slightly dif-
ferent. In Korean population, 3-6 granules are arranged in
pairs or rows along the cirri and dorsal kineties, however, in
European and Australian populations, 4-10 granules were
arranged into a small cluster around cirri and dorsal bristles
(Foissner and O’ Donoghue, 1990; Gschwind, 1991).

This species, Notohymena australis, resembles N. antarc-
tica Foissner, 1996 in having yellow or yellowish-green
cortical granules, however, the former differs from the latter
as follows: 1) the number of margina cirri (30-41 vs. 15-19
in right; 31-46 vs. 15-24 in left margina cirri); 2) the num-
ber of caudal cirri (5-7 vs. 3).

This speciesis aso similar to Notohymena saprai Kamara
and Kumar, 2008 in body size, however, the former differs
from the latter by color of cortical granules (yellowish-green
vs. dark green), number of macronuclei (2 vs. 2-5) and cau-
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dal cirri (5-7 vs. 3) (Kamara and Kumar, 2008).

This species is similar to Cyrtohymena australis in 18
fronto-ventral-transverse cirral pattern, dorsal kineties and
yellowish cortical granules, however, the pattern of undula-
ting membrane and shape of adoral zone of membranelles
distinguish clearly between these two species(Berger, 1999).
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