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Carbon Dynamics of Plankton Communities in Paldang Reservoir. Noh, Seong-You and
Myung-Soo Han'* (Department of Molecular and Environmental Bioscience Hanyang Univer-
sity, Seoul 133-791, Korea; ' Department of Life Science, Hanyang University, Seoul 133-791,
Korea)

In an effort to identify structure and function of microbial loop in Paldang reser-
voir, we monitored environmental and biological factors at Kyungan stream (station
K), Paldang dam (station P) and the confluence of North and South Han River
(station M) from March to December, 2005. DOC concentration was higher in March
to May and November than the others. Nutrient concentration in station K detected
relatively higher than that of two stations. Both of phosphate and silicate gradually
increased at all stations until September, after then decreased. The highest Chl-a
concentration was observed at all stations in April, and November. The carbon bio-
mass of bacteria and HNF were relatively higher in March, May and August than the
others, whereas that of the ciliate showed no significant difference in monthly fluc-
tuation. Nevertheless, the significant relationships revealed between ciliate (P<
0.001) and HNF (P<0.05) and bacterial density. Tintinnopsis cratera, Didinium sp.,
Vorticella sp., Paramecium sp. and Strombidium sp. were dominant species in ciliate
community. The dominant species of phytoplankton were Stephanodiscus hantzschii
and Cyclotella meneghiniana at almost stations in Spring, Summer and Autumn.
However, Aulacoseira granulata accounted for >95% of phytoplankton biomass at
station P and M in Autumn. The carbon biomass of zooplankton was highest at
station P and M in June, and relatively higher biomass observed at all stations in
August, October and November. Diaphanosoma brachyurum and Bosmina longiro-
stris were dominant in stations P and M of June and in all stations of October and
November, respectively. The maximum growth (A, granulata: 0.17d™, S. hantzschii:
0.14d™ ') and grazing rate (A. granulata: 1.93 preys d ™1, S. hantzschii: 1.63 preysd™)
of Bosmina longirostris revealed in algal preys as Aulacoseira granulata and Stepha-
nodiscus hantzschii. In conclusion, these results suggest that bacteria and phyto-
plankton can play the most crucial source as prey within microbial food chain in
Spring and Summer and grazing food chain in Autumn, respectively.

Key words : Paldang reservoir, environmental factor, plankton communities, micro-
bial loop
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BHAES ovzx] 382 19804 o] A7A = 7AA
A Holdnte Moz AEEHIE] YAkt oY
R 7b 2RAR] FEEHIZEANA ALHI, o] 5L T4
el 28elF W Bl FolA AgHE Holx)
&2 U™ grazing food chain®] 7fg oz HGAYEo] =
QAo 7}z Ho] gror} 1980 W] =¥} Azam et al.
(1983)e] 98] B.7® A AW n)AAE3} (Microbial
loop)L dlyx] 329 M- ANEA AYsk= A7}
Haeh A ESe LA A W) £=87)ek 4 (dis-

solved organic carbon: DOC)E 7l 2 o] B3 =

r;

A vt otof] o8| o] 8E 3 o] UAFE(AHEE
¥+ (Heterotrophic nanoflagellates: HNF), A 5=) =EB-Z

A2 Ee| A== (Sheldon et al., 1986; Carrick et al.,
1992; Hwang, 1995) 5 AZ J4dAE 219 = - 74

]l ofekEAl 3o A=z} &)}
20 A 9% B o8] Ao zAE
&

o

A 2d i} ol-2-2] AJE-o] :5:]-75101] 24_9_5]__"1—_;
<= @A AW ok e A &
o BAL HsiME A e QEIH o
BF & FF5HRe JIxdAE AHfsla ,\l-‘-f E%
(Fe|elo}, A BEFIE, YN FE 2832 FEEYFE)
B 75} Z1vel ekt 9 A0 ksl A
H ols)7} =23t} o] 7+8- Microbial loopel] 278} e]
S A W R B8 BAERe AN 9
3 =2joll M= 1980~1990dd o] A e 2] micro-
bial loopel] 3 W 37} o] Fo}x o (Sherr and
Sherr, 1988; Bloem and Bar, 1989; Weisse et al., 1990;
Pirjo et al., 1994; Hwang and Heath, 1997), sl 22
AT7} o] FX| 2 ¢lv} (Venteld et al., 2002; Sgreide et
al., 2006). == 2] AL 4| A= Microbial loopol
A3 A7 vy we] d7Fe] o} (Cho et al,
2000; Choi et al., 2002; SF % 2005; 71 = 2007), 95
A A4, BaE F - A1FEFREY A2 - A
AR FaEol] #3 Aol #EY 9ler (3 5, 1995; 8
S, 1999; Hong et al., 2002; 7 = 2003; A =, 2003; s
S, 2004; Kim et al., 2005), Microbial loop2] &4 F&
of gt d7= vl$ v|ESH AA o]t} (Kim and Hwang,
2004; £ % 2006; A2} 3} 2006).
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Fig. 1. The map of sampling stations in the Paldang re-
servoir (St. K: Kyungan stream, St. P: Paldang
dam and St. M: the confluence of north and south
Han river).

B 2AF AL B3l o3 viAE Ao, A
HH(AA K, F - B3 FREAA M) 282 299
19} 37} AAe AAskelT (Fig. 1), £ARS 2005
4 3938 20054 12907 HY 1314 LA sk

Alge] AL 24 Yo 255 (A 05m)E 5L
Van-Dorn 3 4275 o] 8-3ted A58}t F-Alol| A
A &ZFALA, pH, A7 A ==+ T-S meter (U-10, Hor-
riba)Z, ¥4 5 Secchi disc (A7 30 cm)Z o] 28}
74z} 28 ek A4at Algs Wokas A2 $ukEly
o™, DOCS el $HE 9% Ast YEud
Aot A Aol A A 53] TOC analyzer (Shi-
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(o}, A, oldlAbg, AL, AT SR FH
B2 7] (ALPKEM, U.S.A)Z o]£3}e] APHA (1995)2]
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F,90% o E02 WihaolA 24417t 22 F UV-VIS
Spectrophotometer (HEWLETT PACKARD, Germany)
R N R DRI AECE
ANE 3P ne] Aag Fusidd

2. WA o) TR Bag BA

ahel|g]o} A& 300 mL E]|oHdAo] A4 &, glu-
taraldehyde -9} ¢ 2 (FF% % 1%) A3} o™, 0.2um
membrane filter (Millipore, Ireland)2 o z}3}led DAPI
(4’,6-diamidino-2-phenylindole) IS 0|83} 33}
#u]73 (BX51, OLYMPUS, Japan) 1,0008] 3}ol|A] A<=
3193} (Porter and Feig, 1980). 2te|g] o} el42FL Laws
et al.(1984), Lees and Fuhrman (1987), Nagata (1988),
Simon and Azam (1989), Wylie and Currie (1991) 2 3¢
Holzl Zke] =FHFZkel 13.2 foC bacterium & #3414
= s1ef Anabse

HEZFE= 100mL E]oddl o) A4 3 glutaral-
dehyde %—Qﬂ__f'r_(ﬂ L= 0.5%) ZAsE e, 1.2 um
membrane filter (Millipore, Ireland)® o3} 3 Pri-
mulin (Caron, 1983)2.2 gM3le] B3 w|7 (BX51,
OLYMPUS, Japan) 1,000u] 3}ol|A A $3)ct Az
79 E*i'%* e 3] 100cells o] Ake] HF A&
T3 F A3A 4183 fgCum ™) o435l shigks
3}A Jﬁ}‘ﬁE}(Caron et al., 1995).

AZEHFIZEL 300mL Z=jol Aol A5 F, glu-
taraldehyde 8- 0 2 (FF5= 2%) TA3}AT) A8
72417k ol AZAA F, FY3A EFste] Sedgwick-
Rafter Counting ChamberE ¢]|£3}e] 338 |4 (Axio-
plan, Zeiss, Germany) 2004 3}ol|A +=A] == M| EXLE
Asatgond, 4008 SlA SAsHAT. A BB
DaF $AE AN o2 TUF) YT FF AA

l‘}fﬂ

& 73t % Wetzel and Likens (1991)2] ubHe] o)) =h
e FAbslo
AEZFEFIEDS 300 mL Ejol|HA o A 53}e

4%2] Bouin’s solution (Skibbe, 1994)0 2 37X & QPS
(quantitative protargol stain)B}-2 o] 83}e] A5y 2
=23} F (Montagnes and Lynn, 1987). 5% 4 A=
3st& o) 7 (Axioplan, Zeiss, Germany) 2004, 4008) 3}
AN AN MR pEGaEY G PAE 95
o 7 2o W7 AH V=umd)e AT, GaE
Weisse (19919 &AM 4> (110 fgC um )& o] -§-3)
27ke AE 9 Gase AAsE

TESHIES A4 30em, WE 80umel FEEHA

ok

o $FHE At HA 4

g

€ VE=Z 5m £ 3o, HFeE 4%2] FA
ZE2ed 5}o] &= (formaldehyde) &R o7 TSIt F
EZgaEL Jr3u]lA (Axioplan, Zeiss, Germany)
1009 SlM 37, 02, AARE FEsed 4
2 Assiodch SEEGEY doe FuI I
s Az g 1 Zo]E =A]3} T HFZE o)Lk &
22 AL Dowmng and R1gler(1984)7]— A A1 8E Ao
oo} AANeIT, SEEFTES HFE 10252 7HEs
El_,] 10%=- zﬂ__é_ako
2 A ALY} (Pace and Orcutt jr, 1981). o] o =2
Asplanchna’= A7} v-$ oFsiM 47tk FH = 4
A A3 G Foll vl Rl w7l "l A
Z&F o L2ako] 4%=. 319} (Dumont et al., 1975). X
Z+&9)l @ 7tF2 Mk Length-Dry weight J—]'?tﬂ)”-g'
A1-8-31¢) o™ (Culver ef al., 1985), TE-EHIE HE

9] 4892 Elibukowm THEl AALsISioH (Anderson
and Hessen, 1991).

EARN o2 2t AW ALz SoAe
olstaizl A3 37 ¥4 (Liner regression)s A A3}
o} 244 $oAe P<0.05& 7|FEo= 314t (SPSS
v10.0).

4. 90| B3} FESFAEY B2 2 v

Az A 7HEA 1097 1196 =4 A3

B2}t E Bosmina longirostris7} w3dt AEB-EFH=
£ oz 5 HAE Stopus] slskel B, longiro.
strisE Ao AAEI HAES EHGH AEE
&= 2.2 B, longirostris7} VERd A7) 943} Aula-

coseira granulata, Stephanodiscus hantzschii, Cyclotella

3

1

meneghiniana 18|31 Asterionella formosa®] 455 A
At

ol & By 9 wiekE 9t 114Y I3+ (AA
P)olA] A3 F =H v (Axioplan, Zeiss, Ger-
many) 3}el|A] Pasteur micropipetteE o] 23} ] W
vl oFshed o). wleF2 DM vl A] (Beakes et al., 1988)E A}
L3193 o 20°C, 40~48 umol m™2 s, 12L: 12D cycle
271 sholl 4] s oFsisie,

FEEYES A7 30em, BE 0ume] SEEYS
£ HEE ot £ ddstd AWT ¥, T B
FES AT Asle 39 F A FUET =
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)73 (SZX21, OLYMPUS, Japan) 3}o|A4] Pasteur micro-
pipetteE ©]83}ey Bosmina longirostrisirS H2]}9]
o} Ho)| B2 A=<l Chlorella™ (Aquanet)E I3
3 932, 20°C, 40~48 umol m? 571, 12L: 12D cycle]
Z71 3ol A vl f, A3}

HES| EIA

ugY So 177
o= 5% F3 UM 2] WAE AASAL, 6 Tis-

sue culture plateo] 9mL®e] A 42] 3} HFAL F
Y& F 1x10%cells mL 19 F=o] AEEFIEL 4
Zooldh FEERDES 4 2ind mL 1Y) BEL AF
st AR 24 ARE] AEEFIES AT @3k
o} Ald 2 20°C, 40~48 pmol m™2 s7%, 12L: 12D cycled]
2SN APt BE AL ST U
5= Ee) AAs W3E WIS skl 24
A7y ZvHd o2 0.5mLA A|$LE FHsle] glutaraldehyde

o
=

5. == ARES A E om A
Bosmina longirosiris®] AB8EHAE MseZ Yo}

B7) $isted 4%F] AREHaES AT Ax10°

cells mL™Y). djAA719] Al EEFaEES 2,000 rpm

g0z TR,
plate s} 23 A43ed.

FEEHTES] NAPE culture

AEEYIEY AAS
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Fig. 2. Monthly fluctuation of (a) rain fall, (b) water temperature, (c)
DOC in Paldang reservoir from March to December 2005.

pH, (d) DO, (e) conductivity, (f) transparency and (g)
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= Sedgwick-Rafter Counting Chamber& o|-£-3}o] 3
83 u) 7] (Axioplan, Zeiss, Germany) 2008] 3ol A A4
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Fig. 3. Monthly fluctuation of environmental factors ((a) Nitrate, (b) Nitrite, (c) Ammonia, (d) Phosphate and (e) Silicate),
(f) N/P ratio, (g) Si/P ratio and (h) chlorophyll ¢ in Paldang reservoir from March to December 2005.
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ZAP|7F SQF A 7}9eke 14905 mmE 7|25
1, 693} 9% Alolo]] AA L] 84% olAyom R F7)oF
A& B (Fig. 2a). 222 ZF AA7ke] aloli= H.o]A
WAL, 1290]] 3°CE 7P WA 793} 8ol 26°CE =
Al #ZAE S (Fig. 2b). pHE AP £ 2H (3Y~5
Dell =4 #FEAH o), O o] F Aoz 7H4gg
(Fig. 2¢). $F44 (DO)E= A427] (34, 129)e] =7
FEAE b, 3527] (69 ~9Y)ell= A FAFHY
(Fig. 2d). A7| A =22 6Y<S A3l A<k (A K)
o] o 27} ARG 2AIZY Fot A A #AE
R, A FHA P - B3} FHR (A M)oﬂ/ﬂ
= AAA ] W3yl A #AAHA] 94t} (Fig. 2e). &

Bx AP -S4k 34 BF 2m o3tz v %’%ﬂ
WL, 5A7F ARG A el (Fig. 2. £3-87]
A D00+ 3¥~5Y Aoz & 78 wylon,
11€el= #H3X (FA K:89mgC LY, A P: 7.0 mgC
LLAY M:93mgC L HE 7|28 3, 7 94, 109)
I F(129)e) 77 vHA elgdtl £3), A PellA
= 2APIZE Eok 1148 Aty e ke wmd
(Fig. 2g).

FoFd ol A3 ZA7te] Ex=9 1 1] (ratio)= Fig.
3a~gel WEhig 85774 (A, ofAAkg, o
EYeohy A KA o2 271 AR A 3=
3, 53], 3¥Y~64Yo| #2H gwiole] xi oE 2
A AR 100 o4 ok A Kg xﬂé]%}fﬂ, ohe
27} AN L5772 AAAH wWEFL Fs)
[EAHA iy, I = =3 AH oz U el
t} (Fig. 3a, 3b and 3c). 2AFA]7F E4} <l
AN 2 2] AHEe Yo w3 2 Foz W
e, b8 27 AHFL AF7e7)el 6%~10% A}
ool M7t Z7}3lg e} (Fig. 3d). FAME =3 A Kol A
FU3L, AE7H714] 69 ~10€l = 370 Wdoﬂ/ﬂ Z7}
3= A Eg Rodoh(Fig. 3e). ook 72 v)= 7+ A
A1 7|7+& | 9)31H, Red-field ratio (N/P=16, Si/P=16)
2t 53] 24 #EEC NP HlE gEYolr} &4
HEE 3Y~59 Al A JepRty, Si/P v 7Y
A PollA 7F) =9k} (Fig. 3f and 3g).

Chl-a == N/P 8]} Si/P H]7} =2 393} 5%0) 3
N ARANAM 274 F2HGE Chlas 49 A& KellA

et E2 SH 179

121.2ug L' 2 H 3 X5 vehd ¥ 72H4gc)h 53], 999
37) AA-olM 10pgL! o3tz 7Y ¥ e BYd
(Fig. 3h).

2. WA el FAYe AEF ¥ $4F A

shejelo}e] whaabe AMTEe) Apels} FekshA] ek
3L, ARA F74Y A" =3 fARHA Webkt (Fig. 4).
FaookA] Hw 2 F (HNF):= 2+ ™A 34,59 2
21 8ol T TF HIAL, AR Ko 8¥& Al 2)3d,
ufelefole) 2R SARRE A S Boiv}(Fig 4). 71
i} ulelelolsl HANFZES) 31784 Ao s, %
1=} 7}4 A= BAte 2 F23l e (P<0.05), 4
A G WA Webdtl(r=0.14) (Fig. 5).

AN ZZe =82 Tintinnopsis cratera’} 34 2% A

Aol A 239 60~89%2 HPT, 48 = AA P
o} A- Moj|A 50% o|At-& R ¢ (Table 1). 59 A
A Ko|A = vlgg]olE Ml o=z AAS= Didinium
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Fig. 4. Fluctuation in carbon biomass of bacteria, HNF

and ciliate in Paldang reservoir from March to
December 2005.
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Fig. 5. Relationship between bacteria-HNF and bacteria-
ciliate carbon biomass in Paldang reservoir.

sp.20%)&} A T. cratera (40%), Vorticella sp. (31%)7}
A 233, 22 A7l A P AA MeAAE
Vorticella sp. (33~36%)7} k=2 -3} (Table 1).
Jp27]el 8ol 5 AAAA T. cratera (64~93%)
7V 7 vebgern, oje} 4 AHAH Kel|Ax Parame-
cium sp. (24%)7}, AA Po|A= Strombidium sp. (20%)
7t 24zt 93 (Table 1). A& 1290+ AA Ko
X Paramecium sp.7} 63%2 A3l 01} A A P} A
Z Mol|AM= T. cratera?} 60% o|Ae] =8 2 A-eF B
9Tt (Table 1). o]} Fro] MR EEHITEL V529l o
S ¥ FUHRO, o] WRHon Hshe
e STl vehiA gtk MR3EIDE
o] vhagke g5HS AL, 37) AAANA AR =
e glo] WAER] dghort wie|ejete} HuZEgT
& Zke] BAEH B oz | o}l shAgke] w3k}
A AEE eI (P<0.001), ©) F QA 7o)
AHR8A (r=0.37)7} HNF&} wte|2|oe] AaA3A (r=

st
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Fig. 6. Fluctuation in carbon biomass of phytoplankton
and zooplankton in Paldang reservoir from March
to December 2005.

0.198% = 7 vebde (Fig. 5).

ZA} 717 2 AlEZetaE slasks Bl 499
Cyclotelle meneghiniana®} Synedra acus®| 4 Hx
(spring bloom)&8Are] <38Fo =2 37 AA Oﬂzﬂ =A 7|E
= ¢t} (Fig. 6 and Table 1). A BFEHIAEL A2 A]7]
9] 3ol 37) AAHNA Stephanodiscus hantzschii7}
50% o)Ay oz AT thgow 7o AH Ko} AA
Poll A Cyclotella meneghinianaZ} Z2+7t A &3}
(Table 1). 7F&-3 <] 10¥7} 11¥el|E= AA P AXH M

ol M Aulacoseira granulata?} 95% o|Ae 2 =7 4
393, A KellXe BA Pt AR MIe= 28 S
hantzschii®} C. meneghiniana7} 19%2] &8 <FA}S R
ot} (Table 1).

TEEHIE ©AFE 6Yd A P XA MelA
2} 1.5%x10°ugCL™Y 1.1 x10*pugC L2 71 =2 3k
S Ry om (Fig. 6), -1 & Diaphanosoma brachyurum
7} A7 65%, 96% 2 A& AT, AW PoA=
Daphnia galeata ™ 31%5 eI} (Table 1). T5&
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Fig. 7. A: Individual density of Bosmina longirostris and cell number of algal preys (A. granulata, S. hantzschii, C.

meneghiniana and A. formosa) in the absence and presence of B. longirostris, and B: Growth rate and ingestion
rate of Bosmina longirostris on several algal preys (A. granulata, S. hantzschii, C. meneghiniana and A. formosa).

I E B4R 89, 109 T8 T 11Yd] 37) A oA 2 Z 29 E Bosmina longirostrisE Aoz AAEF
o AEHE 7S (Fig. 6). 1 & 7153 10€ AA%& B3
I 11Yd|= A Ko AA Pol| A Bosmina longirostris ZEBEZHFE B longirostris®] Ho|HE Al EZHFE
7} 90% o|Ato = AL dlglon, 104 A MM = Aulacoseira granulata® FF3159S v 152 A&
Q2o 7 MAER= kelov} B. longirostris”} 90% (1.98 preysd H)a} AAE(0.17d o] 7} =A) el
ojAo 2 =2 Z¥HE W) (Table ). | t} (Fig. 7). 8+ Stephanodiscus hantzschiiE Ho|2 3
FHAE AE ¥ HASEE HYLlE $THT F
3. Bosmina longirostris2] A A& EEZgFEe] AAEL 0.14d'E A granulataS = o]

2 FF3EE We AAE (017 dHEA Wik =3
HAALZ AL A 7S 1093 119 =4 43 5 Cyclotella meneghiniana$} Asterionella formosaS 3 o]
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2%

=3 %’—-‘é’—*&}?&% wol| = B. longirostris®] AAl& w9} AR}
=71 3 FFH A (Fig. 7).

L S|

FAWS 4247184 (DOC)L 2Rz HE §4==
7Ly OME'Jr W AES A7REE 9 rteE] ot
o3& B35 o] AWAIT} (Lampert, 1978; Cole et al.,

1982; Baines and Pace, 1991). 58] oJofAlell7} Z7])
4= DOCY 5= =3l Z7}sl (Hama and Handa,
1980; Ochiai and Hanya, 1980), 53] 7}9-7]dlE 44|
AR2HE FUST JPRF 7k A0S DoC
FE7)F 8x3 Zrlsictr ¥as 3 gl (Nemeth et al.,

1982). &3} 7}&H-H) Al EZg=aEe] EZE (bloom)d
A9 e DOCHEs FASPI Z7hshe Aol
213 (Takeo and Handa, 1983; Takehiko et al., 1996), 71
AL AEEFIE H549Y A2 BaFAA M AA
R -‘"11-01‘5]047(]:11 Sa= (Hwang, 1995). ¥ 3

5 T3 323 -;—‘-7}5}'3}_1- Lﬁb— 9\,1‘:} (Thurman,
1985; o] S} 3k 2004). B 2A}7|7F ToF Yxae] oA
A2 BHolx] elgroi) EAH 39 49 1@lm sHeA 11
Hof| A EZ2AE Stephanodiscus hantzschii X Aula-
coseira granulata AP L] oJ3koz DOCEE7} UA|
Moz 27} sl web B mApAdlAe] DOCS
FFE spAle] wbs] BRI AF Fgel o8 2F

= dope) Jahuche 24719 25k 349 o
D AN BB ABEGaE] 23 150l
P Sl A AP el

2 Qo= Amd

_\l

saold shelzlole] AT Bz 0l
D R REE DI a}a} =
A5 AA Yo (McManus and Fuhrman, 1988; Auer et
al., 2004). =3 w2 o] A2 o) wel A o
e pom, £fo] & u vhgeld] dUE B HXw
7} 27133 delA gl o) (Wetzel, 1983), 2 o7
ME o] A3 693 9Y Abole] 7|7k} 1 9194
7172k} vl ws) Rore o) 2 Aol w2 &iy)l F

HAA HFEHA] At & A6l o oFd %ES’Jr
DOC¥-x7} v A A AZAHQ S v B33 vl
globe] sthwko] WA yeld o f= A7) R3]

rlr
r%
=
N,

N

23 =9
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Z7}sh vlge] $AWY 7 AFAZ wEe] w0}
sq ZA45 B IMHE PEFo] ol Y77 @
2 A= Vepd Aoz AL Hok(e]9) 3 2004; & 5
2006). #He|2]olel Chl-as}te] UAe] AH#AAA} 9,
Chl-a7} ¥ A7]el] welelele] JEF= AR Z7}
Cla= - Rk e 9\14(7‘4 0], 1993). ¥ AFA = &
A AEEFAEL Pl o3 Chl-m A el
T, ob¢d utelPlold] gagw A HAHYT £
Jokx HEzF (HNF)S whelelele] #AAE Awum,
HNFo AAHES 898 A9std ulele)ele] 2719
g3t A1 AFE By} (Fig 4) e 2] o}l HNF
7] FHARMIME & AWASE de 5 Qs
(P<0.05, r=0.14). & A7) gﬁru}_i— dhe e o} w
2o AAA wslel] o33g wA 29le AFA o
28 4 gglont T Fwel ueR)el ghagkg A
oJohs AL wed] AEIFH 2<ld) 9% YR
222 aqle] o3 we|e]ole] M azts)

B A7 & A2EHTEL 37 AA A Stepha-
nodiscus hantzschii®} Cyclotella meneghiniana’} 4|
o dFAEken, A= A Pt A3 MellA Au-
lacoseira granulata?} A 95% o|Ako =z =7l -2 3)
o} Al (1998)0l 2]s}H 8. hantzschiit= 3°Ce] A4
A Aol ZPsRaL Al A%E 13°C A5 2o
A vebdc) Ha et al. (2003) =3 S. hantzschii®] ©j3t
Ae Agpeol A AeY 0 FRESIEY e
A3kst 94 WAL ekT BmskE gk 2 Al
A o] 5~7°C) 39e] FEELTES shos)
Z3%0) vjmA A T2 A s HAHe =
Aol A 8. hantzschii®] tZAlS 58It AR H o)
i} BoJokrs o] X|#EEQ A granulatas WA F
2 2534 7HA 2 HxE Fsta (R d
1990; ol2} A, 1997), 53] g7ipA| s 7HEA | o
ZA g e Ao By He QY (A 5, 2003). & =
Al M= A, granulata 7122l Eoddiz) o - 2317}
el A 00% ol 4pe] Aehdel $8E o, Whehe
oM AR A 5(2003)%] ZAel FARE AAE HA
o ol9} o] & $AES ABEYIE o] A
Do) 2A AT 1AL Sk el e
o U EEE olsished Fesietn shlch
QugEepmEe] AWA A3 FAL 449 Hold
o] 2x, = 159 el =] RAHZ RA7} A
(McManus and Fuhrman, 1988; Berninger et al., 1991;
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Auer et al., 2004). 3], o5 Ao|A= 1A 0] w}lH)
SlobE NS B0l AT d0um olshe] MmEd
FAEo| A3, FA L} FAdE AEEHIES 24
e Z77 & ARSEFIE(>50um)e] $3 3
(Beaver and Crisman, 1982; Pace, 1982). & o FoAM =
H|a whe|2]ele] ghasgke] -2 A|17]Ql 34, 59 ¥
3 8Ye HRSFEIIEY HA¥E FHIA, o] A7)
o ¥ £(2004)2 B9} ZUs}A Tintinnopsis cratera,
Vorticella sp., Strombidium sp., Didinium sp. 53} 732
g g o} & AAIS= AR 287 &3¢l Kim et al.,
(2003)9] AT = wfee|ote] A2} Vorti-
cella sp., &2 ARAA7L Yehd, durEgmEe
AEA7 (biovolume)s} wteloke] A sbs U9
S wash Qo & QAFIAE elelols 4x
ZEmEY) Bogs 403 YR BEY Aoz
sol, welelolt 2451 welelols Adgos 4A
e T

FEEYRE 3 Al vlwd 2 2AFed AR
£ e g3Fel vla) AT xS YEE Aos
N Aoz v Usds AEEYaEd AEY X
Alerg Z 4 glom (Kim et al., 2003), EXo] Z =)zt
F7h §40] A 43R0 B8 mHos ApEd
A2 AEeE A 4 ¢Jv} (Dawidowicz, 1990). &
ZAIAE 7H8 1095} 11496] A8 Ko 53 Pl
AAL) 90% ooz AR B HBYP oM, o5}
2 B dF #(2006)2) e} AR 53,
o] A|718] - Z0 2= X|7z}F Bosmina longirostris =
A olg Wos AN AgEE 2R 23 B
longirostris~ Aulacoseira granulataS ol 2. I-F3}%
S w b we ARE017dHT Aol AT
I, ©}8-o 2 Stephanodiscus hantzschiiZ. VJepG}l 1
H} Cyclotella meneghiniana$} Asterionella formosa=-
Holz FF3I51& W= B. longirostris®] 443} A3 o]
HAF| FA FJEE Y o) 7S B. longirostrist C. me-
neghiniana$} A. formosa Rt} A. granulata$} S.
hantzschiid A€lA o2 AA18)= HolMeA uf Fo]z}
Al8.5, o] & ulelto g HAEN Al A A. granulatad)
7% o] B. longirostris®] HA]S $-53= F93 A=A}
24 =7 7)elshelvhe ek

Agdon WA BFs felolt B9 R
F792] doz Jdssl A BRAG M, A
FAIZo] Hot A BEFTES HBAL $BF & glol
stellelole) welglel DOC/H ¥lwa WA Basigleh
w2l A F7)9-7]0 = DOCE 7o 2 3= Microbial

o N 2 o
i X e T
R

g

o0,

oli

K

ot T

food chain®] o117 Z8e] A QFort, 7497 7
Ao 3937} 59 Apele] AdlE DOC-HeolA®
02 o]o]X| = m|4|H o]u}t (microbial loop)e] &4 B E
o) 28R B 4 ek AL AN B, 24
= AlgZeg ey = EZ8HE 719] grazing food chain
o) BAAY Bael sel P39 ANk o
2 ARA HAN Holapee] €2
sge pANe 4B 293 A 259
Sdd ede £FT GUdel Exol G} A
2448 pre ehieke Aoz A

it

5 2

o

2 A7 2259 adAel saReE st mlA
Ho|e] Fze} 7)%%g olafstaat A (HA K, 2
T (AA Py 28a @ B3 R (HE MelA
2005 3URE 124714 wY 134 34 Q917 w4
AEe<le) JeAE 2T 2477 F3F DOCE
3-59 727 11900 ¥& e noleh JRAFE
2 /)] AA™ART AAHoz AA Koia] &2 3
weleh QAH FAGE QA AFAE7] olFol 3
A AN Ao Z/sgom), 08 olFel
a5k opde Ueblgleh Chla®) WEe 370 FHol
Al 493 1149l w9 2 S Bk uE|E gl
HNF9] eligko 39 54 I18]7 8Yo)| =2 78 By
ok ARFEHIES Ylsiaske] Hile & HIE
Holx] ogke) Ol ® E3ly HARESFEHFIEP
0.001)3} HNF (P<0.05)2] ®tAiw W3= vle|g|of &'l
o] Wste}l 2 ANAAE Bk o] Al7|el= Tinti-
nnopsis cratera, Didinium sp., Vorticella sp., Parameci-
um sp. 18] 3 Strombidium sp.7} $-AZF0 2 B3
NpEgaE $HEE B4 488 2T /FeAo

T
—Q-l“i‘l"

ml

Stephanodiscus hantzschii£} Cyclotella meneghiniana
7} 371 AN w5 SEskge T e R R
Z P&} AAH MM Aulacoseira granulata?} 95% oA}
oz 33 ¥ SAs FEEYIES 2l 6
ol| A4 P} A MelA 7 32 AEHFS 7|53
om, 84,10 183 11€e = 37 AAHA AHHL
2 ¥ AEW AU SEEFHIES 699 A
Z Pe} AHAH Mol|A Diaphanosoma brachyurume| A1
$AFoz wagon, FeEd 1083 118= 37)

A A Bosmina longirostris7} 9819} Bosmina
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dhe na. |
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