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Seasonal Succession of Planktonic Ciliate in Kyungan Stream of Lake Paldang, Korea.
Moon, Eun-Young, Young-Ok Kim', Dong-Soo Kong® and Myung-Soo Han®* (Total Water
Pollution Load Research Division, National Institute of Environmental Research, Environ-
mental Research Complex, Incheon 404-170, Korea; 'Korea Ocean Research & Development
Institute/South Sea Research Institute, Geoje 656-830, Korea; “Han River Environment
Research Laboratory, National Institute of Environmental Research, Gyeonggi 476-823,
Korea; >Department of Life Science, Hanyang University, Seoul 133-791, Korea)

Seasonal succession and community composition of planktonic ciliates were studied
in Kyungan Stream from December 2000 to December 2001. Oligotrichs accounted
for 53% of total ciliates. Total abundance of ciliates peaked in spring (30 March, 6 April)
and in summer (8 June, 20 July) reaching values up to 1.9 x 10* cells L', Seasonal succes-
sion of dominant species occurred obviously. Large-sized (>50 um) species (Stylony-
chia spl, Phascolodon vorticella and Codonella cratera) dominanted from winter to
spring. Small sized (<30 pum) species (Vorticella spp., Rimostrombidium hyalinum
and Halteria grandinella) dominanted in summer and autumn. Total abundance of
large-sized species coincided with the Chl-a concencetation during the study (r=0.33,
p<0.05, n=39). Among the small-sized species Halteria grandinella was a significant
relationship with bacterial abundance (r=0.35, p<0.05, n=39).
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©} (Jeong, 1988; Yoo et al., 1988; Yoo and Kim, 1990;
%> 1995; Suzuki and Han, 2000; Xu et al., 2000; °],
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of Hgt Aelahd drs pAYEA A Yutd oz B
I ARFE FAHo= T AR A= n)Ed
AR o)} (X157} 7), 1988; Shin and Kim, 1993a, b; Al,
1994; §-¢} w} 2001; Kim et al., 2003; i, 2008; ¥ %=
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A7) e A3t Fig. .

2. A1 8244

Van Dorn #57] (5 LE)E o83l =22 (05m 4
WE A4 £ 300mL ENDA AR g F
AnZ ZgaE5 AZ2Z33.E2 Bouin’s solution (2~
4% final conc.) 22 ASY T, vlE|g]el= zaulglo
2 77 (2~4% final conc.)3} ¢}

3. o|5heHs] B4

27 pHE F98 pH meter (290A, Orion, USA)E
ol-88le] AN AY A YT, £EULE Winkler
-azid methodell &J8] A2F TAT T AL ARV =
57319t (APHA, 1992). ob&abd A% (NO,-N)E= A}
A E454 = (HP 8453, Hewlett Packard), "AHA] =
A2 NO3-N)& 42Ax%E EA47] (autoanalyzer: model
3,100, Skala)®2. &4 3}¢c]. Chlorophyll ¢9] £4-& 250
mL-& GF/F (Whatman) filter2 o338 & 90% cold-
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Fig. 1. Map showing the study site (®) in Kyungan Stre-
am.

acetone §H 02 24471 Fob YA M M2E F2
3l A9 M F-4st =1 (HP 8453, Hewlett Packard) 0 2
EF35E 2§ £ Chle 352 A5} Jeffrey
and Humphrey, 1975).
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Az ZgaEe 4 9l A4 Bouin’s solution.©.
2 3XHE A8F 10~25mL Y3l 0.45 pm cellulose
nitrate filter (11406-25-N, Sartorius)& o]-8-3} QPS
(quantitative protargol stain)®] 34 (Montagnes and
Lynn, 1987)& 7A o FE:E-& Azt F 387 (x
1,000, Zeiss, Axioplan) s}oi| 4] Foissner (1999)9] B35
Al wel T4 P Apsl D, shaeke 3AE) 918
7z Axe] Z71E EAsle] A-E 73 T AZn &
238 A4 0.14 pg cum ™ (Putt and Stocker, 1989)E o)
4333t

vte|2]o}l2] A4 0.2 um black membrane filter (GT-
BP02500, Millipore)& o]-£-38}e] A& 5mL-S Y3 DAPI
(6-diamidino-2-phenylindole) % (Sherr et al., 1993)
& o83l zHTletele Az F FPHr) A (x 1,000,
Zeiss, Axioplan) 2 2 % | A48 stelslgo)
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2000 129 1592E 20014 124 6U7}x] Ak
A E9% HEF BYIEL X 57EFE ARF Ol
gotrichs)7} 53%=. E¥ ko] 71&F wkom Codonella
cratera, Halteria grandinella, Rimostrombldium hyali-
numo| 3G} (Fig. 2). }&-o —?,‘%’.—%‘-(Peritrichs)i
Vorticella spp.®} Epistylis spp.7} 8 FAFo|g3, 8
25 (Hypotrichs)¥= Stylonychia spl3} Pseudostrombi-
dium planktonticum°] $-33}¢g o™, Cyrtophorids:=
Phascolodon vorticella & £F7 28 3s}9o).

2 BRee] AdE 23 e 4vF A Ade
Bl A4 28L& Bal uby, 6]' Fe ALH 28
o FRSAE. $80] Yook 2EE- Dol 4w
#, 31357-E ¥]£3 Cyrtophorids, Prostomatids’} 23
sgemd, SARE Fufl 431 £57F 25
(Fig. 3).

2. 123 4L AASe QAP

A A By

ﬂll

%% AYH w3

& /NAS=e] W3 650~19,700
cells Llo|n), A7 5,491+ 1,137 cells L7} &335}9d
oH(Fig. 3). 10* cells L™! o]4}o] A" og 2o /x4
T &2 3% 309 (1.9%x10% cells L), 4% 64 (1.85 x 10*
cells L™)o]gla, o)A)7) $822 22 Rimostrombidi-
um spl, Phascolodon vorticella]v}. 2 & (64 82)
+ MRS 1.7 X 10% cells L o) 22 Vorticella spp.”} &
A 2¥9E Jehgen, 84 (7€ 209)e):= Rimos-
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Fig. 2. Relative abundance of ciliate groups in Kyungan

Stream from December 2000 to 2001 December
2001.
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Bt (Fig. 3).
2 2ARYe

5%

o

A5 AdA WH3l= Stylonychia

20+ W Oligotrichs
B Peritrichs

16 {J Hypotrichs
Cyrtophorids

—
(]
L

Haptorids
Prostomatids
Varia

=

Abundance (x 10%cells L™
®

D. J F. M. A M J J. A
2000 2001

Fig. 3. Seasonal changes of ciliate groups in Kyungan Stre-
am from December 2000 to December 2001
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Fig. 4. Seasonal succession of dominant ciliate species in
Kyungan Stream.
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spl, Phascolodon vorticella, Codonella cratera, Vorticel-
la spp., Rimostrombidium hyalinum, Halteria grandi-
nella $~© 2 et} (Fig. 4). Stylonychia spl.= 444
w283ty o] Phascolodon vorticella’= B-HE 23
3171 Alatstel ol E, 71 (119 169717 &¥sgw
249 637 279 200 Ao 2R
I2]32 Codonella cratera’™= F2 &3} Hol] &3s)y
t}. Vorticella spp., Rimostrombidium hyalinum, Hal-
teria grandinella’s 780l FFH A ¢lglkor} BHE 7}
$7MA] A&oz EHsv). o] &, Halteria grandinella
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Fig. 5. Seasonal changes of total ciliates biomass in Kyung-
an Stream from December 2000 to December 2001.
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Fig. 6. Seasonal changes of size different ciliates in Kyung-
an Stream from December 2000 to December 2001.
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T - e
= 24838E 71e71A] & AA4S BT (Fig. 4).
ARZE 9389 AAZEHS 49 6 (Phascolodon
vorticella, Stylonychia spl), 44 27 (Phascolodon vor-
ticella)3} 69 22< (Halteria grandinella, Stentor spl)o
2 WE vepded AR AaxE Bl A7)
H|w3hH 49 6ot dR3M T (Fig. 6). 497HA] & 1)
A Alxze] =7)7} Z(>50um) FEo] F2 233}y
A5t 5932E = =7|7F 2 (<30 um) FEo| F2 &3
ste] Az=7)el] wet AAAQ wWIE Jehdd (Fig
6. =2, AT AZ Tr)el ABHE T AL FF
9} T2 AW (p<0.001)S R} 23 E2H= AA
ok Aol 1olx) ket (Table 1),

3. 423 EUaESH BT 43y

2F EFIE A YA -2 Chl-att A4 o]
AR, o8] BA A= WA ol A%l (Table 2). 4
X% BF & Cyrtophorids, Haptorids® Chl-ag} A}
A€ el oy Bleelobet ARAEE Bl BRZS
U eH(Table 3). 94353} utelejo} W=, Chl-a#e] A
#t #A1= Halterio grandinella™t gldlg] o} -¢-2JA¢ 1}
el a1 Stylonychia spl, Phascolodon vorticella, Codonel-
la craterat= Chl-a 2} AF#-A& Jedu) (Table 3).
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a

ARE FHIE Fo 71 E3P sk ERE2
ARFH, Scuticociliates, Haptorids, Prostomatids© 2 <
## 9lo}(Laybourn-Parry et al., 1990; James et al.,
1995). o]%F ARFE FLE B2 dPoME £23 2
oz dEA glen, ang AEe ) & 2E

Table 1. Correlation coefficients between cell size and bio-
mass in Kyungan Stream.

Cell size >100pm 50~100pum 30~50um <30um

r 0.68* 0.69* 0.07 —-0.08

*P<0.05

Table 2. Correlation coefficients between environmental factor and ciliate biomass and abundance in Kyungan Stream.

Abundance Bacteria Temp. Do Chl-a TP No;z+No,
Biomass 0.39* -0.09 -0.10 -0.07 0.54* 0.16 0.09
Abundance 0.03 0.10 0.09 0.45* -0.19 0.05

*P<0.05
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Table 3. Correlation coefficients between biological para-
meter and ciliates in Kyungan Stream.

Ciliate groups Bacteria Chl-a
Oligogtrichs 0.23 ~0.26
Peritrichs -0.01 0.00
Hypotrichs ~0.30 0.26
Cyrtophorids -0.05 0.49*
Haptorids -0.20 0.50*
Prostomatids -0.08 -0.15
Dominant species
Stylonichia spl -0.12 0.33*
Phascolodon vorticella -0.03 0.32*
Codonella cratera -0.18 0.34*
Vorticella spp. -0.07 0.25
Rimostrombidium hyalinum 0.17 0.19
Halteria grandinella 0.35% -0.29

*P<0.05

<= AT T Aoz dF 2ds Ao=
Bae] 9Jvh(Yashindi et al., 2002). 424 @ Aeel] o}
g} 4% F, Scuticociliates, Haptorids, Prostomatids$]
REE Folg Bl RoJYsh} ANY5e 2w R 7
4Ax8h= Hb Scuticociliates7} Z7)sl= kAR Llehdict
(Zingel, 2002). T EFR7E B8 Stro-
bilidium, Strombidium spp., Tintinnium F-o] BH = o]
b 2 2gdME weelelg #2 Heldos st
Halteria grandinella, Rimostrombidium hyalinum =9
28 Fe] 2 233l 2o]= 1gd). Estoniad 29
Y HZ|ME Halteria grandinella, Rimostrombidi-
um hyalinumo] $83= 54L& B}, B 594
A& Scuticociliate7} 4%% %351 2}o]2 Mot} o
T 4% %<l Halteria grandinella$} Scuticociliatez} ®}
ggolg A8l AARA A Scuticociliate?] 23
o] <¥3}xl WbH Halteria grandinella7} $~)3 Lz =
Bel Aoz A8 ET}(Zingel, 2005). F HAjs =2 7
A Bl FRFL 1Yt 295N 20
TEHoE FY: R0 ¥ He] 9k (Sheher-
bavov, 1969; Bark, 1981). Tanganyika 344 = 104
/119 (Hecky et al., 1978)0] %38135}9] or, Bark (1981)2]
Q7o SJ8lH Vorticella’s 29%¥ 10974%) 2A7)7}
W 288 Aes Uehton 13 644 Huy 238
AT BT FBE Aoz Bwslw gk o

= =2
ARFE

BT £3 F2 bacteria® A4k Aoz deiA g

om B Ax=7)9] JAlge] & Row deiA gg
(Simek et al., 1995). &3}, F-R 7 (Vorticella, Epistylis)=

F&F Microcystis, Anabaena 9} %38 Asterionella 9]

=

SY3E

x 15

AL

2AE 7142 2kl AN AhE BAE A
3lvH(Bark, 1981; Laybourn-Parry et al., 1990). 2 FA}
TR FE{7E 24T A7)l Microcystis, Aphani-
zomenon flow-aqua$} 732 A8 FrFrl 45} of
& 712 ol43ie] 240] fejskgcke BaEs,
HEZ FYES AL WHE ¥ =¥ B,
Az F-2shelom (Miller ef al., 1991) T2 9] <4
Tl My R@5 o]2 8ol W /A4 (Laybourn-
Parry, 1992; Zingel, 2002)& vlebdic). Rod3jpod g4z
ol F Foll F2 AT NS4S Yehlls Aoz w
5] 315} Zingel, 2002). ol o)F= el 71
% FAo) Hue) At Do 2o s Hrae
gl 7R 2oz Ad9stm glvh(Fenchel, 1968;
Carrick et al., 1992; Miiller and Geller, 1993). B =¢34
ME AAE 56Y 30Y, 49 67 F (64 209,
74 20 Ao LAl RoJoks) 2ojsdela] Yt

W FEAE nodvh Al B& W AEBYE|

1A HdZFE Geblizv Ale HdgE Bol: Ao
2 ¥ 35| g]vh(Laybourn-Parry et al., 1990; Laybourn
-Parry, 1992; Zingel, 2005). & $doMx AlEZg=
& (Stephanodiscus sp.)yo] FA Y 44 6Y) slge
W RS EFIE AAFE HuA (Y 69E Y
W} (Kim et al., 2003).

AEZ ZaE QA 33s v)He 29 4
29 @7 2 FFC50um)7) o8 o4 233}
FAAE Bal Aoz W (Table 1). A o] 7
vehd A17]1 (44 69, 449 27 A2 ZY)7} 2 2
Phascolodon vorticella®] 933}l 64 22U0l| Sten-
tor spl7} 867 cells L'2A E}A)7)o)] B]&] A0 @
e} Stentor= FAMEL Taupo oM A3 A
A AAFe] Fo BEE AXIGT BuHe] 9o
(James et al., 1995). W}ebr], A gkol] AFE w]X]= @
dL ARG FHEE F9 AE F7)d) B 24l
olgke 71&9] & A7EIA} YXslgt(James et al,
1995).

+HE AA W3 A3} 8ol large-sized (Sty-
lonychia spl, Codonella cratera, Phascolodon vorticella)
7 $HS B DlMERE F2 AU} Beaver
and Crisman, 1982; Pace, 1982; Zingel, 2005). o] 23} 7}
£l smll-sized (Vorticella spp., Halteria grandinella,
Rimostrombidium hyalinum)7} $-338}31 o] 52 ule)g)
olZ Ho]fl oz 3t} (Beaver and Crisman, 1982; Pace,
1982; Zingel, 2005).

A2 % BFZ(Cyrtophorids, Haptorids)?} Chl-a9)
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ARAdE rel @9le =z Cyrtophorids: Phascolodon
vorticella, Haptorids‘= herbivorous¢l Monodinium spp.
2 FAH o] HolHER AEEFAEL ¥AF o
Z dsfl Chl-ast A4 o] 9l Aoz Alado).

FHEI 7o) Y& (Chl-a, WeFope) BANA Sty-
lonychia spl, Codonella cratera, Phascolodon vorticella
= Chl-a9} AFRA o] gith. B3], Phascolodon vorticella
9} Stylonychia spli= MW Stephanodiscus®t Cyclo-
tellag FA3F Aoz B2 YT StephanodiscusSy A
A (BF p<0.0001)7F e (Kim et al., 2003). =3,
Codonella cratera® vA| 2572 ZAEta odelx )
o Chl-as} 4AZE vepd Hlog Asdd $42 =
Halteria grandinella®}t wle)g]olel A S Rodor)
Vorticella spp., Halteria grandinella, Rimostrombidium
hyalinums= 25 Wg]o}l 8 ¥ A3lE 2Eo)7 222.0]
P A5k el S el FAT AR
BT e, 423 BYES) AQH W wo)
AE 93| :’71] dEe I ULS U ek 2
Yo A3 IR AR W3 w3 29
5l ot ‘H*P%}E 7Rt Heol A Ee] wishral op
2} Bt Wil o]3)ehzql Wste}) ¥Aal 52 2§}
Z224 F29 Pai gl
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AL B4 AEF BRIES T2 ALY A5
2 zAksb7] ¢)shed 20004 129 15URE] 20019 12
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kol 7V B AR o 2 AL Bl Eal
349 309 (1.9%x10%cells L Y} 4~é 6%}(1.85 % 10* cells

L), o8¢l 69 8Y(1.7x10%cells L )7} 79 209 (1.9
x10%cells L el §23l4ich $H4 02 23% 252
Y AL ehlo] A2 B A5erldE A
X377} wiwA Z(>50 pm) Stylonychia spl, Pha-
scolodon vorticella, Codonella craterazl &&3}gom
383} 7Hedd TResldle AEIAF A (<30 pm)
Vorticella spp., Rimostrombidium hyalinum, Halteria
grandinella7} 339} ME37)7F £ 252 Chla
o} A B4 (1=0.33, p<0.05, n=39) }epil vhy, 232
Q) Halteria grandinella’= bacteria®} AF4A)& (r=0.35,
p<0.05, n=39) JeERi e}
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