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Abstract - With physico-chemical environmental factors such as temperature, DO, pH,
conductivity and nutrients, size fractionated of phytoplankton standing crops and
chlorophyll a concentrations (>8 um, 3~8 ym and<3 um) and their relationships were
investigated at each station of Kyungan Stream and Togyo Reservoir from April to
November in 1997. The two sampling sites showed different nutrient status: Kyungan
Stream was eutrophic, while Togyo Reservoir was mesotrophic. Large sizes of phyto-
plankton and chl. a were higher in Kyungan Stream, opposite to those of Togyo Reser-
voir; Standing crops of phytoplankton (>8 um) and chl. a (3~8 um) were high in Kyung-
an Stream, while phytoplankton (3~ 8 um) and chl. a (<3 ym) were abundant in Togyo
Reservoir.

These results imply that phytoplankton community in the highly eutrophicated
water mainly comprised the large filamentous and/or colonial algae, such as Micro-
cystis spp. and Aphanizomenon flos-aquae, which easily enriched by nutrients loading.

Key words : Size-fraction, phytoplankton, Chlorophyll a, Kyungan Stream of Paldang
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A9 HYAE 555 A vRAAAd el A
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Fig. 1. The studied area at Kyungan Stream of Paldang
River-Reservoir Systems and Togyo Reservoir,
Korea. Arrows indicate the sampling stations.
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ard, USA)Z 7| chl. ¢ & &A3lgth A EZHaE
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acid (F| F5 = 1%)E ol 43ted A el A3ttt o
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o picric acid® Yol HE3} A7 F, AEA e A
Aoleh. THH ARt FHAL 2ml EmASAE 10
ml€ #3le] membrane filterE |43t =7 (>8
um, 3~8um, <3pm=Z ¥ ek £ Aae
Quantitative Protargol Staining (QPS)¥ (Montagnes
and Lynn 1987)]] ]3] o7 #2-& e F EF A
F42 akan)7 (x 400, x 1000) Sl F2e}3Ach.

4 =

1 29 - st Bdeqe) Wsl

= AAzEe) 29 M3 ZA] AT $E3AL
Z3x= 7Hekdo] 110.9~188.6%, EXA 427} 48.1
~119.1%% Z x}o]2 mon], pHE ZAgkHde] 7.9~
9.6, ERA LA A 7.7~862 HF=E Y} (Fig. 2). 3
Fdel A= Akl A, <, FAY BF EnAe
ARt 3xss #FHGen, y= HIils FA P
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Fig. 2. Monthly variation of physical and chemical factors
in Kyungan Stream of Paldang River-Reservoir
Systems and Togyo Reservoir from April to No-
vember in 1997. a, Temperature (°C); b, Dissolved
oxygen (%); ¢, pH; d, Conductivity (um hos em™1).

Table 1. Nutrient levels in Kyungan Stream of Paldang River—Reservoir Systems and Togyo Reservoir, Korea from April

to November, 1997

Kyungan Stream

Togyo Reservoir

Min. Max. Avg. Min. Max. Avg.
NHs(mg 1) 0.028 1.33 0.428 0.003 0.123 0.045
NO:(mg b 0.04 0.198 0.114 0.002 0.005 0.003
NOsz(mg 1) 1.69 2.33 1.864 0.006 0.022 0.013
PO4(mg 1) 0.002 0.011 0.006 0 0.018 0.007
SiOz (mg I-1) 0.03 6.3 2.324 0.016 0.018 0.017
N : P ratio 261.7 1540.8 572.8 0.003 146.1 19.6
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Table 2. Monthly variation of dominant phytoplankton species (over 10% of total stanging crops) in Kyungan Stream of
Paldang River-Reservoir Systems, Korea from April to November, 1997

<3pm

3~8um

>8um

Apr.

Jun.

Jul.

Aug.

Sep.
Oct.

Nov.

unknown picoplankton

unknown bar-shaped pico.

unknown picoplankton

unknown rounded form
unknown picoplankton

unknown rounded form

unknown rounded form

unknown picoplankton

Stephanodiscus spp.

Cyclotella sp.
unknown plankton

Cyclotella sp.
Cosmarium sp.

unknown rounded form

Coelastrum sp.
Cyclotella sp.

Cyclotella sp.

Stephanodiscus spp.

Cyclotella meneghiniana
Micractinium pusillum var. elegans

Coelastrum microporum
Micractinium pusillum var. elegans
Actinastrum hantzschii var. fluviatile

Micractinium pusillum var. elegans
Cyclotella meneghiniana

Cyclotella meneghiniana
Eudorina elegans

Microcystis spp.
Aphanizomenon flos-aquae
Microcystis spp.
Chroomonas sp.
Stephanodiscus spp.

Table 3. Monthly variation of dominant phytoplankton species (over 10% of total stanging crops) in Togyo Reservoir,
Korea from April to November, 1997

<3pm 3~8um >8um
Apr. unknown picoplankton Chlamydomonas spp. Chlamydomonas spp.
May unknown picoplankton Chlamydomonas spp. Rhizosolenia eriensis
unknown plankton Synecochococcus sublividus
Jun. semi-rounded unknown semi-rounded unknown Synecochococcus sublividus
picoplankton picoplankton Aphanocapsa sp.
Peridinium inconspicuum
Jul. unknown rounded form Cyclotella sp. Stichococcus bacilaris
Synecochococcus sublividus
Aug. unknown picoplankton Cosmarium sp. Cyclotella stelligera
Scenedesmus sp. Westella botryoides
Aphanocapsa delicatissima
Sep. unknown rounded form bar shaped unknown plankton Chroococcus sp.
unknown rounded form Stichococcus bacillaris
Oct. unknown rounded form Peridinium bipes
Nov. unknown picoplankton Peridinium bipes
Chroococcus sp.
Schroederia setigera
ma7} 2 64 Az g3 Eo0] 3.4%X106~2.8X107cells I}, A P EAE

HZ= 9 o, Peridinium bipes*

SR Fay BYmE

2 ZA}E| ¢} (Table 3).
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Fig. 3. Monthly variation of size-fractionated standing
crops (cells [-1) (a) and their percentage contri-
bution to total standing crops (b) in Kyungan Str-
eam of Paldang River-Reservoir Systems, Korea.
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Fig. 4. Monthly variation of size-fractionated standing
crops (cells 1) (a) and their percentage contri-
bution to total standing crops (b) in Togyo Reser-
Voir.
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Fig. 5. Monthly variation of size-fractionated chl. a (ug
{"1) (a) and their percentage contribution to total
chl. a (b) in Kyungan Stream of Paldang River-
Reservoir Systems, Korea.
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{-1) (a) and their percentage contribution to total
chl. a (b) in Togyo Reservoir.
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Size-Fractionated Standing Crops and Chlorophyll a of Phytoplankton 97

30 r
a, <3 uft
25 F

20 F
15 F .
10

Lo -

0 40 80 120 160 200

—A
&
=z
)
&
=
— 80 r 5 3.8um
4
e’
= *

260 [ r=0.95(p<0.001)
o
1=
<
e 40 F
k=
2
= 20 o
-
w
ﬁ J
§ 0
= 0 40 80 120 160 200
(=]
= 150
E a,>8 um
t 120 F = ¢ 98(p<0.001)
N
w90

60 F

30 F &

0 L 1 L ]

0 50 100 150 200

8 r b,<3um
6 .
4F e .
oo
2 F o
. .
0 L L 1 ]
0 10 20 30 40
10
b, 3-8 um
3
8
6 b
.
4 F *
.
2 F . .
0 .0 L N3 '] '}
0 10 20 30 40
30
b, >8 um
20 r= 0.91(p<0.001)
10
0 1 |
0 10 20 30 40

Total chlorophyll a (48 £ '1)

Fig. 8. Relationships between total chl. ¢ and size-fractionated chl. a in Kyungan Stream of Paldang River-Reservoir

System (a) and Togyo Reservoir, Korea (b).

e mAF (r=0.93, p<0.001)3} A3 (r=0.90, p<
0.001)°] 77} ¥ AFIAE 1 e, F52¥e)
Me FRE FAHL B 5 99 Fig Ta). 22 E
AR E wA¥ (r=0.98, p<0.00D)3} F42F (r=
0.95, p<0.001)o] 77t ¥-& ARE HPAE, £
AA dE2FIAE Fo44d ol elde (Fig. 7h).

A chl. ao] g =78 chl. a9} TAA AR
% EuAeA] BF 434 52 FAWAE nodon
AR L w A (r=0.95, p<0.00DANAN T 2 AHT

ALt

>

AZE Fel3todv}(Fig. 8a, b).

] &

A F GYY =9 NEEYaE 927
Aol ERASARG ¥ BAAN. )& F
Qe BeH 24 Aolol AYAeD EALAL
Ao A5z ol s pEFel olFeiAT

2 rlo



o
B
08
N
oY
=
Job
0
i}
ne

AEZHIE HAEFT chl o T=E 7HA
MeAEe b, A A$ AeEagare o
EFo] Z71E4F chl.af] FEE S7HE ", 74
 dEFe] Z718kdAIRE chl ey W3t A A
Al FA FEFL FFadtd ot chl el F7HEHA
th o] X ¥ 2FAERT chl.ad] BYAE A, MEA

71ell wte} chl. a2] -FFFo] k2 3 (Odate and Yanada
1993), $4, AL 2L or), Fol weh ALz 3
gheke] z}o]2 Ho]l:= phylogenetic adaptation 34}
(Jiménez et al. 1987), A, EAZ el M= A= =
7ol W Ae] o)A H]E Folq) ontogenetic adap-
tation S-© 2 3l A5 e] At} (Jiménez et al. 1987).
AAe) Ay NEEFaES WESS T2 492
Foll 25 Hbd, Ewx ]l A
AolA] o]

o
Photed Sol = BFET chl
1

<

o

par

o

°

5

N

s

2L

=

2
Q

‘Z |

) N rh: 7l
P L a4
Sk B
X
+
B
o
2

° wu ol
ot
o,
o
rl

pad
L
I
i)
T
e
r-l:l:
2
S lo
i
M4

J

=
|
Lo

Coelastrum microporum
chl.a® 74A)e], o3y
£ chl. a8 Ve,
% chl.a®] HES
232 bacteria®} 7L &
Rom, Logofs et nldekst FodFselA
ot Hy5e] ¢t} (Nianzhi and Rong 1994; Nianzhi
and Hsun 1997). 24 A12¥F=E 92 dsjel I
A2%2 Xz 9H}AZ zt=rv}(Takamura and Yukihidro

b
]

o

=]

ol

oft
ed

do ol 4 ak
>

dq
=

of :lO

) A3 (r=0.761, p<0.05), =43 (r
.824, p<0.05)0 2 ‘el 275 o/ A4A o
¥d FolA gEUotE: $AX oz o4y, ioR
oA A3} AL F4Fhe) (Corre 1995). 1lodofo)
AN Fa3o] SUXYAEE 2] 80%, AA chl af
70%7+A] x}A] 8o} (Arantza and Purdle 1994; Wasi-
elewska 1997). ZALf-A 5| fr]edde] wa, AAk
A AlFdol FR3 AHYHNME A FHIE] A

uhd, <191 2dflo] wiAlE EwA4eAE A"
&, & drYols F FA4 FFdoez T4, niMYy
iy

sl Aoz dadd

e

ok

]

o )

o
—_

Ph

o
T

B A9 ARAL R ddAFE 2
2 - FEA 2o g FAdA HNEERHIE
chl. @ oF2] B8 A ExE 712 2A 89, |7
ol U3 BFIUAME 37 & AulE

A A8 F

to 2 % rlo

=he
e
o
oft
L

to

ol
)
o3l
)

) A 47l 4
a

rv o

ol
£
o
=
S
=
S
bl
=
<
=i

(<]

el i
oXf g

W o

N

e

[ ol b 1y o

&
o
o
}Oll
)
2
il
W
>
o
2
IR
o
>
it
= g (B

a#dled >8um, 3~8um, <3 um

dE= chl o =5 A

4w N e

r
wk 1o

)
f
S
ot
ﬂo{_v‘

i
o
S
2

©
lo 3L

73kl A 1044

2

oX. Hir

Lo

lo rim ot

fu looae o
ofl
14
i
2
>
H
rlo
off
kt
o
]
bt
i
olt,
(52
2
)
i
I

an

=
Sasel 398 AXsladch B, =4
=13

Pzae 233 n)Ado|, chl. o AA] o)

b JFg 9 BeH 2Ao) 42 Aelq A
Aol HeEgaEs) yEE 259 278 AHH)
P

Bz FADAY D akn 7|z

A4 AFIA| (1998-015-D00231)2] d71] =AY

X

YA ATFL. 1995, 34 e9dskd f3l 5] AlEd ¢
3 Azkxe A7) BFE P AR /U8 §4
1

AHA, e, 9HA, B, S3AE 1997, S Fasg
o] &R =AM, A5 855134, 30:431-

A E, Aleod o] 5. 1984, Foful Al EgdaE A

gh . g8l oF5h 3] ). 19:172-180.



Size-Fractionated Standing Crops and Chlorophyll a of Phytoplankton 99

4. 50459 A7H(92) A2 EF=EY ¥x 2 @
zae| T, B294515]%), 27:327-337.

e A, 3, 54 1993, 23Ee) Yejitr 4
F. =848 3] %], 26:141-149.

W, o4, 342 1995. A4 A} DMZU ) Foiofs =
TASA ) AEEA AT T4, 28:487-495.

A5 2001 2E A5 AT et 4 BN
A QAT ARSI, Bk st A8

Akihiro S and T Kazuaki. 1997. Productivity of pico-
plankton compared with that of larger phytoplankton
in the Subarctic region. J. Plankton Res. 19(7):907-
916.

APHA. 1992, Standard methods for the examination of
water and wastewater. Washington, DC. 18th ed.
APHA, AWWA, WPCF.

Arantza I and DA Purdle. 1994. Size distribution of Chl. a
biomass and primary production in a temperate estu-
ary (Southampton Water): the contribution of photosyn-
thetic picoplankton. Mar. Ecol. Prog. Ser. 115:283-297.

Corre PL. 1995, Ammonium assimilation and regeneration
by size-fractionated plankton in permanently well-
mixed temperate waters. J. Plankton Res. 18 (3):355-
370.

Kong DS. 1997. Limnological and ecological characteristics
of a river-Reservoir (Paldang), Korea. Kor. J. Lim. 30
(supplement): 524-535.

Jiménez FJ, Rodriguez B Bautista and V Rodriguez. 1987.
Relations between chlorophyll, phytoplankton cell
abundance and biovolume during a winter bloom in
Mediterranean costal water. J. Exp. Mar. Bio. Ecol.
105:161-173.

Man C, JH Shim and HT Huh. 1987. Nanoplankton of the
Korean Coastal Water 1. Taxonomical considerations of
some important species from Chonsu Bay and adjacent
waters. J. Ocean Res. 1,2:7-14.

Montagnes DJS and DH Lynn. 1987. A Quantitative Pro-
targol Stain (QPS) for Ciliate : method description and
test of its quantitative nature. Mar. Microb. Food Webs.
2(2):83-93.

Nianzhi J and W Rong. 1994. Size structures of micro-
plankton biomass and production in Jiaozhou Bay,
China. Ocean. 23:259-276.

Nianzhi J and N Hsun. 1997. Spatial variations of size-
fractionated Chl., Cyanobacteria and Heterotrophic
bacteria in the Central and Western Pacific. Hydro-
biologia. 352:219-230.

Odate T and M Yanada. 1993. Phytoplankton Carbon
Biomass Estimated from the Size-Fractionated Chl.
Concentration and Cell density in the Northern Coastal
Waters from Spring Bloom to Summer. Bull Plankton
Soc. Japan. 39(2):127-144.

Parsons R, TM Tadahashi and B Hargrave. 1984. Biologi-
cal oceanographic processes. Pergamon Press. pp. 61-
118.

Takamura N and N Yukihidro. 1994. Picophytoplankton
biomass in relation to lake trophic state and the TN :
TP ratio of lake water in Japan. J. Phycol. 30:439-444.

Wasielewska SE. 1997. Picoplankton and other groups of
phytoplankton in various shallow lakes. Hydrobiologia.
343:79-85.

(Received 7 December 2001, accepted 28 February 2002)



