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Ecological Studies on Pal'tang River—Reservoir System in Korea. 4. Dynamics on Inorganic
nutrients, POM and Phytoplankton Succession in the Lower Stream Kyungan. Han, Myung-
S001.2.3.* Sung-Su Hong23 and Yun-Yeol Auhl4(1Dept. of Life Science, Hanyang
University, Seoul 133-791, Korea; 2National Research Laboratory for Water Environmental
Ecology & Restoration, 3Dept. of Environmental Science Hanyang University, Seoul 133-
791, Korea; 4Kwang-Dong Middle School, Namyangju 473-860, Kyunggi, Korea)

In order to understand the relationship between succession of phytoplankton
community structure and inorganic nutrients and particulate organic matters, a one
station in Kyungan stream in Korea during the dry season was chosen. Water
samplings were carried out once a week from 18 August to 13 November 1993. The
DIN concentration distributed always abundantly, however, phosphate and silicate
gradually reduced during the period. Phytoplankton community had a peak
chlorophyll a concentration of 90.6 pg/l in late summer (21 August 1993) and a second
peak of 29.7 pg/l in autumn (2 October 1993). After then late autumn was
characterized by relatively low chlorophyll a concentration of 15~ 16 pg/l. Seasonal
fluctuation of chlorophyll a concentrations were correlated with measured POC and
PON concentrations: phytoplankton blooming may be a major factor controlling
POC and PON concentrations in this ecosystem. Phosphate plays an most important
role as a limiting factor of phytoplankton growth. However, when Si/P ratio low,
silicate may be a more critical limiting factor than phosphate. Shifts of P-limitation
to Si-limitation the succession of dominant phytoplankton can in duce: diatom to
cyanobacteria such as Anabaena, Microcystis and Oscillatoria.

Key words : Pal'tang river-reservoir system, Inorganic nutrients, POM, DIN/P ratio,
Si/P ratio, Phytoplankton succession
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Fig. 1. Sampling station of Kyungan Stream in Korea.
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Fig. 2. Seasonal fluctuation of rainfall, inorganic nutri-
ents as DIN (Dissolved Inorganic Nutrients), phos-
phate and silicate in surface waters of Kyungan
Stream in Korea from August 18 to November 13,
1993.
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Fig. 3. Seasonal fluctuation of chlorophyll a and POM as
POC and PON in surface waters of Kyungan
Stream in Korea from August 18 to November 13,
1993.
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Fig. 4. Changes of DIN/P ratio and Si/P ratio in surface
waters of Kyungan Stream in Korea from August
18 to November 13, 1993.
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Fig. 5. The percentage contribution (%) and standing cro-
ps ( X 105 cells/l) at the diatom and the cyanobac-
teria in the estimated total phytoplankton cells in
surface (S) and bottom (B) waters of Kyungan
Stream in Korea from August 18 to November 13,
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Table 1. Dominant species (over 106 cells/l and 10% of total phytoplankton) in the surface and bottom waters of Kyungan
Stream from August 18 to November 13, 1993.

Species (%)

Date
Surface Bottom

Eudorina sp. (23)

18 August Cyclotella sp. (10)
Merismopedia sp. (10) Micractinium sp. (88)

21 August Pandorina sp. (14)

28 August Mlct_’actlnlurjn sp. (33) Ac_tlnast_rl{m hantzschii (12)
Merismopedia elegans (24) Micractinium sp. (17)
Aulacoseira granulata (15) Oscillatoria sp. (16)

4 September Micractinium sp. (21)

Microcystis sp.(58) Actinastrum hantzschii (20)
11 September Micractinium sp (10)
Microcystis sp. (20)
18 September Aulacoseira granulata (30) Cyclotella sp. (27)

Aulacoseira granulata (40)

25 September Aulacoseira italica (21)

2 October Aulacoseira granulata (37) Anabaena menderi (19)

9 October Aulacoseira granulata (78) Microcystis viridis (38)
16 October Oscillatoria sp. (49)
23 October Microcystis sp. (50) Microcystis viridis (50)
30 October Aulacoseira granulata (40)

6 November Aulacoseira granulata (38)

z

o

=
a & = Anabaena =2 Aphanizomenon bloom®] Ak
B 4 oloh 22y e Ao At FRe

=

rlo
w X2

s He AgEE W, Ak 14 5

AR e =383 A= AYPHo= gl Ag 4 on, w3 AAvA o] ¢lE Microcystis® Ana-
Hoz okex glom(3 F 1993: &, 2001), 73] 2] baenas} &7 bloome FAsch= oz Hop 21
Fen FZolAM FEHE FxFe] dige] wAHT g Aol & 4 9l& Aotk A A9l FEF
el & A7elM A= FE2F FelM= AL 2759 /s}qﬂl a3l gt Awe Jubdozw B
17 5¥e] 9lE Anabaenaet AL 1AFHo| gl 7} 2 EEEZFIE (Daphnia)e] $AEHE R HE
Microcystis7} @7 Z&3}9lc} (Fig. 49} Table 1). o] <} =2H7) Ao = E% E (Bosmina, rotifere} =2
Zro] A4y} FR3LA, 9lo] Al Hellx B3 G2 calanoid copepods Yol A3l fdor] ABEZgmE
7ol Aol dojit= AL *"Jiﬂ]’ﬂi 3 5 o] AETFH AAE L Fow, FF FEETIIEY
(1992)0l] 9jste] FEE n} Sl Aado] FRIFAN= =719} ARAAEL A A3 BAtw oA 9l
E73la Zg7)el AMHe] Bsw HTo| dxFUt (Kitchell and Carpenter, 1996). =3} Gasiunaite and
SAs e AL o2 AW & 4 UETP AL E=E Olenina (1998)% Kursi Marios lagoon (southeastern
F7F $3HE 5 JE= AL 1) ALxde] 2HFA Baltic Sea)oll A 7+t 9] FAQ Z7l= Qd 2L =
< o] AHe=m fEst AAxT o] o|FiF S W Fo FERFO] AL Astslgloern o)E3dt &=
(Horne and Goldman, 1972; Barica et al., 1980; Tezuka, ]-*zfﬂa]]_/] Fx 732 q1 A& Skl oty B 3sk
1985), 2) 2B E=Ee] xSl &} (Sarnelle, 1993: o SA T 2 zAH| G Patos EEZemEe] Y
Gasiunaite and Olenina, 1998), 3) ¢3¢}y 9] 4= g g8 153 AFRET) glo] dow FxFo ot

A ) 3z

(nutrient availability) (Sakshaug and Olsen, 1986; Han
etal,1994)8 A74g & gloh A WAL A9 Aa



Ecological studies on Pal’'tang river—reservoir system in Korea 7

i

ol gsted ASY Q= AWE T 4 ek = A
QAL B HVYel = BFE
2=

ug atm/H e = w7tR|

[
2
o ol

nstant) (Nlelsen and Jorgensen, 1991) ©] &} (phos-
phorous: <1pg atm/l; silicate: <3pg atm/l) 7}2] 127
9o} Kilham (1986) 52 {FxHF+ =2 Si:P ratio
(74~313 by moles)ell A -3 3tAA| "L W w275 o
2 Si/P ratios (0.9~4.6 by moles)el|A] $A stuox
23 sjslek 3 2 o) e s
Ardel WA mAHNE AS, FRAESE GERFI
99 8 S el 19 sl BAHAE. O
a}a, SilP ratio7} 2o A]7]Q1 (9€ F43 10¥)o]=

zjiﬂ .saa}:ri = _Inzeq. 14 _,] 3042-0]
°}Xl¢ Si/P ratio7} ol 74 (114 o F)ell:=
7] Afgol FolA glgo] WA 0|7
A BT FAkde] AFlR e FER
v dx2Fe A fEF & UdsE

=
T
K-
—

o] gk
(Wetzel, 1983).

2 AR o] A17])9] ARG Y] s = 1~44ug
atm/I®] vl Ayzz FAEgen QAd Fx W
3} ®ma olel FANEY B bﬂ;}c AEEHIE]
TA T2 e w9 "Pﬂf& ggE 2
Atz Elet. o] 9} Zro] £
o] WS sl %’ﬂ A 54 7H 7kl o
A e ot ste} ojEe] AEEHIES U &
B4 zbel7t FEFE $AAA HFx
o] He Tad gqlez Hgdgle Aoz Asdd
ohat o] gt ok e FEA el W3 B gAls A&
< 47 M e AESFIES] Hol 7|2} Ao
Al719] M3 Fo W A BEFTES] YA 3HEHA
AEBA HA50] 3}8b" FAH) Y FA}(Tezuka,
1989b; & £, 1993)9} A Alel|Ae] olokel Fulel ut
FES] Heo] Agle] 275
ol 4] chlorophyll a&] Z7}e| wel YAt &
U f7lekAe] ofe] FUbeta olge]
HAT o] A2 ArHY f7E LHS F2

==

_{

ot

g 41 rf

)

_C|){_l/

X
e L
oX, _zL

E5e o2 Q37 AAWA 7B =7 9l
o o3t} o] A= 7|2e) Brrz o] $7|E YA
ZF 70%E AEEHIE 9didE= my (P A,

o]

=
(o]
(]
")
j,z
[l
i
Wi

|3t Bl Srel, 3 5(1999)2 2ws.e)

3
o Ftel] Wl 90de Ftel|l &= chlorophyll a 3t °F
of 5ul 7} Frbebsicka BwEka g
Fl2 SfellA] =z oy
o2 3t A {718 2ol AAd FETke] oF
70% A =oll WA= gAH o2 A IF5o] F7E 24
= g2 ofstE a glgS whedsta otk
dEe] Biwazol A <le] FF F2 5 AEE
FaE F3loh S o3t AEF Hgozw WA
719l ot FHFE
1988; 1989a, b). HFH 2 FARx| Al e] QAT FAk
Aol FHS WAz V1A gdon HRRE e
ol 4'6}04 Rz RE FFEIT AT (F, 2001). o] 2
e B 2AAGAAM Qe RExe AEEEaES
bloome] Fof] Eafol] o]ate] A E-EFIE
o] #Foz FHFHAE I 719 —‘%*l% 5 &’l%% %
Alghet. W}EW Ig5e] {718
o3
A

ol

14

€

=

]

=
AN

il
02

>

10
= 2
)
o
N
1o
4 o

and Hosja, 1996).

r 2

=
©}. Chlorophyll a®] 72 199349 8¢ 21 90.6 pg/l=
Hd Zhe] AP oM 109 F o] FHEE= 15~16
Ho/le FAIEkAS YA frskae Ak R A
E—“i—f&\’%l W, AR frlee) sEe HA
T BEZE ngon, °’Z}EH -,1-7]

£ ol

i
fu)
2o
N,
(o
B
)
)
Mo B>



8 LEE
Yol FArgel 12 WAbe] AATGI o] At W=
t AEEYIEY gl AAg weke FAkdel A
T Az g A4S AR Aol AT 2
Az Agshe AVl FERE SA%a Ao,
FArgel ARl gk 417109 11~189, 10
4 2~16el = FEFSE H2FI 4 shaleh 53,

Z0o]|A] Anabaena, Microcystis % Oscillatoria”}

==
$AFo= Y3

Ab A
e AEr|Ee] F/RAAFA AR (2000-
N-NL-01-C-290)0.2 $8]%3]S-

Els

737

N

Nkl 791, 1997, At

.9-14p.

A, 219 A, 1990. T30 A=A
167-179.

WA, A,

4

o

o
off

A97. 1989, BT} 9
B Z3}+3]R] 12: 39-46.
747, 1998. B 52| A 2Ee}

3h=-8-423}3]%). 31: 225-234.

o

=28 249 AdA 54,

o3| =, wlas, uldE, o A3k, WA, 1999, o A &)
cyanobacteriaoll €3t F7|EA AAb d=58433]7
32:81-188.

°]%5A. 1998. ot M EEFIES AP B4
o AdAdst Marsel =g, dddstn, AL 31-
51p.

gh B2 AL M, 1993, A X,

A A 2. 1978, A A 74

g, fAT, G2, TE4 1993 B30 Aty

7 1549 sk A "A.
124-149.

S 54587 26

S, ol e, AT, 49, Hoi7. 1005, Beze] A
94 Q7 2 NEFLIEY PATES W BFS

3}3)%] 28: 335-344.
4, ol M, fAll , -39, 1999, ko] Ae)
A QAT 3 AEEHIES XAAE Y A =29

parameters. 3t=-8-4=3}3]%] 32: 8-15.
3w, WA, 2504 1991 295

ule] wistel FxF

288.

A4 2001 =9 A5

B4 QT A,

o

E

o

sholl whE N/P

bloom. 3|x] 24: 283-

-ogg

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

Barica, J.H., Kling and J. Gibson. 1980. Experimental
Manipulation of algal bloom composition by nitrogen
addition. Can. J. Fish. Aquat. Sci. 37: 1175-1183.

Carmichael, W.W. and I.R. Falconer. 1993. Diseases rela-
ted to freshwater blue-green algal toxins, and control
measures. In: Algal Toxins in Seafood and Drinking
Water (I.R. Falconer, ed.). Academic Press, New York.
187-209p.

Gasiunaite, Z.R. and I. Olenina. 1998. Zooplankton-phyto-
plankton interactions: a possible explanation of the
seasonal succession in the Kursi Marios lagoo. Hy-
drobiol. 363: 333-339.

Han, M.-S., Y.-K. Kim and J.-K. Jeon. 1994. Changes in
phytoplankton community structure in the two differ-
ent hydrobiological conditions of semi-enclosed Chin-
hae Bay, Korea. Bull. Palnkton Soc. Jap. 41: 43-56.

Horne, A.J. and C.R. Goldman. 1972. Nitrogen fixation in
Clear Lake, California. Il. Synoptic studies on the aut-
umn Anabaena bloom. Limnol. Oceanogr. 17: 693-703.

Kilhanm, S.S. and R.E. Hecky. 1986. Hypothesized resour-
ce relationships among African planktonic diatoms.
Limnol. Oceanogr. 31: 1169-1181.

Kitchell, J.F. and S.R. Carpenter. 1996. Cascading trophic
interactions. In: S.R. Carpenter & J.F. Kitchell (eds.),
The Trophihic Cascade in Lakes. Cambridge University
Press: 1-14pp.

Kong, D.S. 1997. Limnological and ecological character-
istics of a river-reservoir (Pal'tang), Korea. Kor. J.
Lim. 30 (supplement): 524-535.

Lee, J.A., V.C. Srivastava, A.R. Choi, W. Kim and M.J.
Park. 1998. Composition of Microcystin from Cyano-
bacterial Water Blooms of the Sonaktong Reservoir,
Korea. Korean, J. Limnol. 31: 251-257.

Menzel, D.W. and N. Corwin. 1965. The measurement of
total phosphorus in seawater based on the liberation of
organically bound fractions by persulfate oxidation.
Limnol. Oceanogr. 10: 280-282.

Nielsen and Jorgensen. 1991. Handbook of Ecological
Parameters and Ecotoxicology. Elsevier, NewYork.

Sakshaug, E. and Y. Olsen. 1986. Nutrient status of phyto-
plankton blooms in Norwegian waters and algal strate-
gies for nutrient competition. Can. J. Fish. Aquat. Sci.
43: 389-396.

Sarnelle, O. 1993. Herbivore effects on phytoplankton su-
ccession in a eutrophic lake. Ecol. Monogr. 63: 129~
149.



Ecological studies on Pal’'tang river—reservoir system in Korea 9

Tezuka, Y. 1985. Rainfall as a factor regulating the app-
earance of Anabena Bloom in the South Basin of Lake
Biwa. Jap. J. Lim. 46: 8-14.

Tezuka, Y. 1988. Phosphrous as a possible factor stimu-
lating the appearance of Anabena bloom in the south
basin of Lake Biwa. Jap. J. Lim. 49: 201-204.

Tezuka, Y. 1989a. The C: N : P ratio of Microcystis and
Anabaena (blue-green algae) and its importance for
nutrient regeneration by aerobic decomposition. Jap. J.
Limnol. 50: 149-155.

Tezuka, Y. 1989b. The C: N: P ratio of phytoplankton de-
termines the relative amounts of dissolved inorganic
nitrogen and phosphorus released during aerobic de-

composition. Hydrobiologia 173: 55-62

Thompson, P.A. and W. Hosja. 1996. Nutrient limitation of
phytoplankton in the upper Swan River estuary, Wes-
tern Australia. Mar. Freshwat. Res. 47: 659-667.

Thompson, P.A. and G.-Y. Rhee. 1993. Phytoplankton
responses to eutrophication, In Phycological Perspec-
tives of Water Pollution (Rai and Gaur, eds.). Sprin-
ger-Verlag Pub., New York. 125-166p.

Wetzel, R.G. 1983. Limnology. 2. Ed. Saunders Coll. Publ.
NY.

(Received 13 Sep. 2001, Manuscript accepted 21 Dec. 2001)



