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Trophic Dynamics between Protist and Zooplankton in Lake Soyang

KIM, Nan-Young - Ju-Yeon SON" - Dong—-Soo KONG" - Soon-Jin HWANG

Department of Environmental Science, Konkuk University
"Han River Environment Research Center

ABSTRACT

To clarify the role of protozoans in the microbial food web of Lake Soyang ecosystem, the
clearance rate(CR) and carbon flux(C-flux) of zooplankton assemblage were investigated. Zoo-
plankton were divided into two size groups(microzooplankton (MICZ): 60~200 pum, macrozooplankton
(MACZ): >200um). Conducted were both quantitative trophic linkage between protist and
zooplankton community structure at two sites with different trophic status from April to December,
2006. In carbon flux from protist to zooplankton, and annual range of food contribution to

microzooplankton were between 0.0003 in June and 0.0087 pgC-L™'-h™'

in September, whereas
they contributed to macrozooplankton between 0.0423 in December and 1.0823 pgC-L ™ '-h ™' in
September, respectively. In highlight of sampling time and station, carbon fluxes of protist to
macrozooplankton was higher than microzooplankton in both two stations, the front of Dan and
Yanggu bridge station. The magnitude of carbon flux between protist and zooplankton in the front of
Dam station was relatively high in spring and summer, while that in Yanggu bridge was high in
autumn and winter, respectively. Comparing the carbon flux between phytoplankton and protist to their
same predator, micro- and macrozooplankton, four times(April, May, October and November) of total
seven samplings carried out in the front of Dam station and four times(April, May, October and
November) of total eight samplings were relatively high in protist. Therefore, these results indicated

that protist was important prey of zooplankton(micro- and macrozooplankton) in Soyang lake.
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al. 1991). Carrick 5(1991)& Michigan 9] YAABE T U3 TEZFAE] o 2}HE-S phyto-
plankton®] 1A¥} H]=slths As Buglom, 4K EC] Holgd A9 dddAd teiA T8
g Hold9dS Hugth ZHAE Hol'duolN AYYES Edete Hold] dg A7+ 49

JIRARE oA AL WEAA BT 27 Wbk /1% W) e £ BaE At 3
BAS welshed 2od B ohieh A4 AMAR FAHEE Bk vl §-831
289 % U

2 AT 29k AT Holel FEEFAE duAdons 944Eel o U Fax
2 siofar] Slste] QAR FREYAEY F08 Hlojgo] HET), UE FREYAEY £
BESYIE 3 ol 290l 0l 3 H7heka A3 Mo we} oy o)
5%

fo n
%
X
1>
>
ro
N
N
Ll



2t0| gio|2t 197
A 9 g

L 22 A %) A

B ATE 299 FTne o AonFEg 1), 295 AuAe Fdedle ¢ 19

o7 3
AR om, A e 393 792 AlQdsta € 13 E/\}O}M

Fig. 1. Map of sampling sites in the Lake Soyang.
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(1) PNAN(Phototrophic nanoflagellates), HNAN(Heterotrophic nanoflagellates), A1%
Z(Ciliate)

PNANZ} HNAN %! A R2Z-9] A4S 915kl 5 L Van Dom 7% @49 EFT5 AT F
Bd 250 mL Zogdd Wl A|8S 91, Glutaraldehyde £9C 2(HFE% 0.5%) 11735}
of Az keIt AlRE 4 HH5~10 mL)= 33l 1.0 um Black Nuclepore filter® Primulin
(Caron, 1983) G4 WS 23l PF3A7 (Zeiss, Axiolab, x1000) 3}l|A] ﬁ]érs}ggu}

eaw 3 98l 7 Al e 7] Tl HHE AFL 7o T A2 tin) SaZ AdA RS
ol g3l Axteldtt. 4] ©ad HM3MAFZE  autotrophic nanoﬂagellate(PNAN)L Strathmann
(1967) (200 fgC/um’)S Eth= @%’5‘} 3L, heterotrophic nanoflagellate(HNAN): 163 fgC/um’e]
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110 fgC/um’(Weisse, 1991)2 Al-&-ato] A gkat3ith

(2) HEZ%3%=(Zooplankton)

FEZHIAES W A77F 64 1mQ] UEE o]&d] 44 8 mollA 2 dQlgt T sucrose-
formaline s ¥ % %= 13N Y TEZHIES] WEHFS Sedgwick-Rafter A3l Hof 3
g}& n| 7 (Zeiss, Axiostar plus, x100)3tol| A &35, X 2H7, 8472 ER/3ke] AAI8H3 thStemberger,
1979; Balcer et al., 1984; %, 1993). ¥ A =& Fol Wi 712, A2 Hol& BF 45,
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Neclepore filterol] ©JZ}A]Z] 2 Bergstrom et al(1986) 5ol ™e} Primulin® 2 GAste] g&n|7
(x1000) 3lolA] LYW ES At RS A8 208 SVt o, 7t R 343 300704
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N = mL% protistd] 4

C = ATH protist]

FA = % filter 84 (2.01x10° pm?)
= 74]1—5]' filtere] & WA
Filter volume(mL)
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ATEo] ALk A7te] FEZEHAE 9 ZH T 2487 B HaE 2EE S o
A4 % E(exponential growth rate: T¢l=day ') TS 2]ol] 2Ja] AxgE & %
= A= AFETe A48 #AE T8l 71271 = Brkskith

r=(InN,—In Np)/t

r = The rate of population growth (day™)
N, Final cell density(cells/mL)
Ny = Initial cell density(cells/mL)
t = Duration of incubation(day)

AU A2 o A e Fall Hrtskit
PCF=CRxPxZ

PCF =Protozoan C-flux to zooplankton (ugC - L' - hr')
CR =Clearance rate (mL - pgdw” - hr')

P =Protozoan carbon biomass (ugC/L)

Z = Ambient zooplankton biomass (ng * dw' - L")

3) FAEA
7y =4 gE7ke] 23 ITAE Pearson's correlation analysisE ©]-83F o™, = X7 Fo]A

& one way ANOVAZ ©] €319 CHSPSS 10.0).

1. 9= H cEEZIAEY T4, 2 A%

1) ABAE

ZAPZIHERE T AR dehd AAAES] 9 9 BEFS 692 Asta g dol
A Yo, 5 A 25 HNANO] 90% o] de] W=E Vet

ZF A AAAES] UEE 2ol HNANO] 673(49)~2312 cel/mL(5%), PNAN®] 064, 8
U)~99 cel/mL(4¥), ciliate’} 15~63 cel/mL(5¥)e] =g HIow, FrtudrE 171(4¥)~
4,093 cell/mL(59), PNAN©] 25(5%), ciliate”} 2~62 cel/mL(8¥)9] == 2zt Yehich

AP E] PEL 2okl YoM 1649)~88 nugC/L(5E)2] BAE, Sl 34€)~80 peC/L
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62)°] MeE A4 deplom 7 A3 5 490l AEeFol Pk gt om-FAE Q) Tt

2o A 49l Dinobryon2] 322 PNANS| WUl A Eako] 71 A4 Yephdon, 59
ol Ao =77} 2(25~30 um) A EZQ] Vorticella®] 302 AR 20 &) 714 =A 1}
ERttHFig. 2). T aolA F2 EdS A EFS Srombidium= ZAFE AT

A
A=

2) FEEHAE
ZAIZE F 493 50l F AR BFA

ARy e747e] o] A9 fidlen, A&
g o A2 Aoz YEyth a8y 69 &S ol X Daphnia longispina, 70 1ol A]
Bosmina longirostris &°] Z@3C2H A& % S
Zdo= Rl AETe] 545 Tt AdH dellA FEEFAEY 29 AETFE 144

4)~369 ind/L(58), 0.1 (48)~413 pgC/LBL)= FA }54049_111, ST ol E 142€)~151 ind/L(8Y)
o] MR U AddET B vepou AETES 01692 ngC/LEY)E =7 VERETHFig. 3).

7Vetslal, 84l Diaphanosoma brachyurum®]

5000
I Soyang
—_ [ YangGu L
) 4000
£
= 3000
)
2
222000 -
'z
g
= | ‘H N H
0 Ivﬂ | i . 1 I' 1 | I'
10000
Soyang H PNAN
—~ [] HNAN
- . 8000 - I ciliate
=
£
£ 6000
)
)
> 4000 4
Z
‘2
g
a 2000 - ﬂ H
o L [ pllm
8000
YangGu EEE PNAN
—_ 71 HNAN
- I Ciliate
= 6000 |
=
=z
8 4000
N
£
12}
5 2000
il H H H
) L []

Apr May Jun Jul Aug Sep Oct Nov Dec



S AMMEN SSE2TE210| Ao SEY 201

1" 3 16wbois) cusuds 0} WICLOSO0bISUIGOU GBURIA SLQ PIoWS22 1U [SKe 20A9udl [low byl (0 DeceLUpst’ SO0

Soyang Yanggu

=3
=3

EE Rotif.
3 Copepo.
B Clado.

[=aY
=)

=
>

T
=

=

—
>
>

80

60

40

20

Percent zooplankton carbon (%) Zooplankton carbon (ugC LY
=]



202 SIENAZENTA| M6A KI3E

2. RAE-—T=ERAE o] AYAA R olyA dEdE d7)

479 e B Cfluxes e A3 A7 2xke] B9 voll slen, 535 & Ao ¥@a
Adee 54 Wl FARE Hwang(1995)9] A3ke} 718 frAkeE WIS HERITTable 1).

ZAE 713bEE 32 A2 il 2 A2 YERGTH(Table 1).

aFdA Frues PPzl vzt 2% FEITAEY] AHEL 7l ddete 6
(&g, 146mL - pgdw' - dH)F 8E(FTHaL, 0.67 mL - pgdw' - dhell A4 M e ARES
Uehlen, 494 7 £ Aaed YePtKAadHE Y 1642 mL - pgdw' - d', FToian 2827

mL - pgdw' - d')(Table. 2).

N SEEFTAEY ARES F AH BT 297190 89 7Y W ARES Bilom (&
ok 1.56 mL - pgdw’ - d', FFTHA: 331 mL - pgdw' - dY), 98l 7P #& AFEE JEPITHA S
Ak 1246 mL - pgdw! - d, ol aL 38.02 mL - pgdw! - d')(Table. 2).

ARYYEZTE TEEFTAECRY Cfluxe 7 F2A 25 997 1092 AYstue LFHd
A =& Aoz Yehyt

T ZARAHAA 428 EEZFAECRY CfluxE 2%HYS 0.0016 pgC - L' - hr'(dg)ol A
0.0549 pgC - L' - hr'(59), St 0.0003 pgC - L' - hr'(6€)ol4 0.0087 pgC - L' - hr'(9¥)<]
1S etk 2 A -] dY FEZHIAECZS CAluxs AYHAUC] 0.0643 pgC - L' -
hr'(99)oll A 0.5601 pgC - L' - hr'(8Y), FrtHarr} 0.0423 pgC - L' - he'(12€)°l1 4] 1.0823 pgC - L' -
hr'(9g)e]l MA= 2+ Yepgrh

T AN 428 FEZFIAEC R CluxE 927 102 S Al stues Agdo] =4 vebyt
on, 7t AH 9 CAluxE 2%ALL 0.0016 pgC - L' - he'' @)l 4] 0.0549 pgC - L' - hr'(59), &
e 0.0003 pgC - L' - he''(6€)el 4] 0.0087 ugC - L' - hr'(99)9] M= Vel tkFig. 4).

N TEEFAECLRY Cfluxe &% FEZFIAECZY Cluxdl H&l] €953 =& 3oz
B O3 SEZSHAES dAAES A2etet oA &7 SEEFAEEY U F83 98
sle Ao UehttkFig 4). o]& MACZ7} MICZ] Bl H& A4&S 7o 24 (Peter and
Downing, 1984; Knoechel and Holby, 1986; Moralities and Lacroix, 1990) Jtd o2 & Uro| =
o] BEA A3 FAdES = 4 JI(Kim et al, 2003), MACZS] 440l wa} MICZ9] 44
2 AA R 7] wZo| K Burkill et al., 1995).

T2 AARA MACZE & #1572 Q35 ez 22 555 7 MICZET B %
FHA R Ho] AEe] AEFS A8 (Dawidowicz, 1990), Ho] A& Fek 1A Walvt
AAE Q1] AFA Wel = MICZE JA1E 4 UTKDavid et al., 2000).

Carrick ef al.(1991) Michigan 32| YA EL] - e TEZFAES] &2 A EEFA
Eof| gt o &3 vl =sithe A2 e o5 B3l A E] Hold A9 dFdA A tal 8
HolPd-S AJALGE v}l B AT AF, 24 AN dAYEZTE CAluxs 5L
EEHAE A a5 Uit AEEEAES Cluxs Hlud w(SHAl R D3], 2006),

o A AN E F 73] ZAMIA 43]4, 5, 10, 119), FFH AN E Z 83 ZAlA 43]4, 5, 6,
9ol Ax YABEC] Clux7t AEZFAE vlal JNH o2 A Uehd &gs e Hol

o ot o
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Table 1. Comparison of literature values of zooplankton clearance rate(mL - pgdw™

520 2=
=1

FREY

protist carbon flux(ugC + L™ - h™) to zooplankton

2 g5t}

208

ot =i
T84S HAFAUThFg 5).
classic food chain® =2 AT

Eogo dflix] 55 WAERYE °ﬂ‘4xl
240] oﬂ“rL7}

+d™) on protist and

Clearance rate

Carbon flux

Predator Prey (mL - pedw ' -d ) (neC-L b7 Reference
Macrozooplankton Nanoflagellate 1.6~6.2 0.008~0.25 Carrick et al., 1991
Calanus pacificus Ciliate 12.6~32.4 6.5° Fessenden and
Pseudocalanus sp. 48~74 46 Cowles, 1994
Centropages abdominalis 12~7.1° 0.7°
Nepcalanus plumchrus Various protist 16~39° 09~14° Gifford and Dagg,

1991
Acartia tonsa Various protist - 0.36~1.15° White and Roman,
1992
Macrozooplankton Nanoflagellate 0.43~4.03 0.180~3.470 Hwang, 1995
(Nearshore)
Macrozooplankton Nanoflagellate 3.92~20.99 0.044~0.919 Hwang, 1995
(offshore)
Microzooplankton Various protist 1.46~16.42 0.0016~0.0549 This study
(in situ) (Soyang)
microzooplankton Various protist 0.67~28.27 0.0001~0.0087 This study
(in situ) (Yanggu)
Macrozooplankton Various protist 3.94~12.46 0.0643 ~0.5601 This study
(in situ) (Soyang)
Macrozooplankton Various protist 1.56~34.13 0.0423~1.0823 This study
(in situ) (Yanggu)
Macrozooplankton Various protist 0.19~9.26 0.048~0.836 Paldang Dam
(in situ)
Macrozooplankton Various protist 0.34~8.38 0.117~4.988 Kyungan Stream
(in situ)
Copepodes Various protist - 0.78~2.06 Schnetzer and Caron,
2005
Cyclopoid Cryptomonas 0.08~0.26 1.3~92 Hansen, 2000
. " N a 0 04°
Chae T U 0
PNAN 0.025~0.71* 131~693°

“mL-ind™' ch7, ® mL - ind. !

-h!
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Table 2. Variation of zooplankton filtering rate (mL « L™ - d™) on protists at Soyang Dam and Yanggu Bridge

Soyang Dam Yanggu bridge
DIW sugq Asudan guods
EIB" @ Cowbsleou o} L6|9fIAG IWDOLSLCE Of blolﬁiﬁuq buNobjsuKiou cs;/y)ou |nx fo Xoob\sug@ 9[ 20Agud FR n )‘2
Apr 16.42 8 0.78" 2827 8 0.57"
May 5.30 8 0.37 26.09 8 0.34
Jun 1.46 8 0.81™ 1.75 8 0.78"
Aug 2.23 8 0.58" 0.67 8 0.75"
MICZ .
Sep 3.12 8 0.63 2.06 8 0.43
Oct 226 8 0.31 3.07 8 0.53"
Nov 11.59 8 046" 5.18 8 049"
Dec - - - 21.75 8 0.64”
Apr - - - - - -
May - - - - - -
Jun 3.94 8 048 20.83 8 0.64”
Aug 331 8 0.60" 1.56 8 0.68"
MACZ -
Sep 12.46 8 0.44 38.02 8 0.75
Oct 9.50 8 045" 2.06 8 0.86™
Nov - - - 1037 8 0.94™
Dec - - - 35.66 8 0.87™
*p<0.05, **p<0.01, **¥p<0.001
Soyang Yanggu

Percent C-flux (ugC L' hr'! )
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