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Influences of Nutrient Deficiency on the Phytoplankton Community in Pal’tang Reservoir,
Korea. Kim, Baik-Ho, Choi Ji-Young, Hwang Soon-Jin' and Han Myung-Soo* (Department
of Life Science, Hanyang University Seoul 133-791, Korea, ‘Department of Biological
System Engineering, Konkuk University, Seoul 143-701, Korea)

To understand the effect of nutrient deficiency on the plankton community in three
stations with different water qualities in Pal tang Reservoir, Korea, phytoplanktons
(>10 pm) were cultured in nutrient enrichment Allen’s media (AM) and nutrient-
deficient Allen’s media. A distinct shift in the species composition and biomass of
phytoplankton (as chlorophyll-a) showed in all treatments. In particular, it was very
interesting that the new development of cyanobacterium Microcystis aeruginosa
occurred by the Fe-deficient AM. Except for Si, a community growth (as chlorophyll
-a) was inhibited in all nutrient deficient treatments. Species diversity after
nutrient deficiency was changed to below 2.0; slightly increased in N and P-
deficiency, while decreased in Si and Fe, respectively. As suggested, dominance was
entirely opposite to diversity. Therefore, the nutrient deficient effectively induced
the succession of species and biomass, phytoplankton community, suggesting a
possibility as a reliable tool to control the algal bloom in eutrophic lakes and

reservoirs.
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Z= N/P, C/Si, N/Si, Si/P, ©}e}3t mineral 5 zZt=t}
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Fig. 1. A map showing the sampling sites in Pal'tang Re-
servoir, Korea.
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Table 1. Chemical composition of Allen’s media*.

Chemical Contents (mg L™)
NaNO3 1,500
KoHPO, 39
MgSO47H20 75
Na2003 21
CaCl; 27
Na,SiOz9H,0 58
EDTA 1
Citric acid 6
Ferric citrate 6
HsBO3 2.86
MnCl; 4H,0 1.81
ZnS0O4 7TH0 0.22
NazMoO, 2H,0 0.39
CuSO,4 5H,0 0.08
Co (NO3); 6H-0 0.05

*pH 7.8

atolr 7] 9J3}led, HlxF o2 Allen media (AM, Table 1)
7 AMoZEE] N (NaNOs), P (KzHPO.), Si (NazSiOs
9H.0), Fe (Ferric citrate)o] Z+zF A=l HHX]—E— zA)8)
o YA kR T e AP A
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x 50)3}ol|A] capillary= =4 A A3t Aol =
%l FFEAL] oIS A3 $dte] AY Aol
ME o] §-3led oF 2AI7F 53k 23] AA AA 3 F A
%ﬂ‘iﬁﬁ}. ZFul oF2> 50 mL A] g3 (Pyrex, USA)el 2]
d AEE 3mLy A4 AFE 94, 34 2=
=934 =43 weFr) (3= 135pumol photons s m2,
12h:12h(L: D) cycle)ol| A A x| 8}t

ﬂSL‘
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o 28 2+ ABE A43}ed Lugol's solutione s 31
A8k (APHA, 1995), Sedgwick-Rafter ChamberZ A}
3kl Aulg (x2000004 A E5E Assgon, &
22 B3tsn|7d 1,000u) (Axioplan, Zeiss, Germany)
oA AAlstelon, tekgt #3E Fasldct (Geitler,
1932; Desikachary, 1959; Ettl, 1978; Komarek and Fott,
1983; Popovsky and Pfiester, 1990; Krammer and Lange
-Bertalot, 1991; Green and Leadbeater, 1994; Sandgren
etal., 1995). £ oA FEelst AHE ] 2ol B
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Table 2. Water quality of three sampling stations in
Pal'tang Reservoir, Korea.

Site St.1 St. 2 St. 3

WT (°C) 17.1 175 17.4
pH 8.1 8.7 8.1
DO (mg L™) 8.8 10.6 8.7
Conductivity (umhos cm™) 115 344 112
Turbidity (NTU) 92 43 125

SD (m) 1.4 0.9 1.1
COD(mg L™ 2.6 5.4 1.8
SS(mgL™) 2.4 15.4 3.0
T-N(ug L™) 2.318 6.477  2.249
T-P(ugL™ 0.045 0.355  0.059
DTN (ug L™ 2.204 5.613  2.044
DTP (ug L™) 0.019 0.189  0.028
NOs-N (ug L™) 1.784 4913 1.716
NH3z-N (ug L™ 0.300 0.334 0.245
PO4-P (ug L™ 0.009 0.113  0.009
Chl-a(ug L™ 3.1 151.2 16.9

A 4= (McNaughton, 1967),
& Axrsiade

Zo}of= #]4= (Pielou, 1966)

L 4EERAE F 24

378 AAS (>10 pm)=
Coelastrum, Actinastrum, Cosmarium<} F%-Cyclo-
tella7} A3} om, 2Z (AM)o| A= =% Scene-
desmus7} FE13HA] A3} (Table 3). x| A 32 A=}
4ol A& Scenedesmus7} A& A= R] elgpel. 7} o oF
o Ao W2 ABZFIE ZzA W= xS0
we} gl g medeh A 1ol BASolN 2HE F
o] Aulo)Ate] FAF A ok, F2 FE-Phormi-
dium, = *%-Eudorina, Golenkinia, Pediastrum So| A}
23 o™, F%-Navicula, Achnanthes 52 A&7 &3
stgiek A4 200 % 29F At delnkd, si, Fe
AN F2rt HH i, Fe AYTAME P
Z-Aphanocapsa elachista, Microcystis aeruginosa,

=% -Golenkinia, Eudorina,

Z%-Dictyosphaerium pulchellum %-o] AEA =339
o 3, A4 39] A9 N, PR B =
ZHeh o] @ Fo] &3l F=-Cyclotella, &
Z%-Anabaena, Chroococcus So] X ZFA vlelwtot
(Table 3). Asbd oz JoFd AP AP SRl wet
s Aolg melont, A N, P Aol ) Fx, W
e, 72) 3 Si, Fe Aol 98] R 2158 Ape] T
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A Vbt w3t Aol vls] dj 2 (AM)o A= (Table 3, Fig. 2A), A/ A 1eAl= AAAH o=z 9.85X%
BB =xz77) 7}s }71] 2 Aslg] o), N, P AgA] Eels) 10°~2.65x 10%cells mL ™' ¢ & B ew, N, P, Si A%
Al ZHa%l vk, Si, Fe A Aloll= 24 7F431A] dste) oM E =] 27 66.1%, 90.6% 103%°] %} 2™, Fe
AN = dz2die 2uo] 713 (178%) Ml 257}

2. A EZ%3E /AI$2} Chlorophyll-a % 2718k A A 20 A= 6.3%10°~7.1 % 10%cells mL™

3o

Cells mL™*
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Fig. 2. Abundance (A, cells mL™), chlorophyll-a (C, ug L™), diversity (B, H') and dominance indices (D, DI) of three
phytoplankton communities in nutrient-deficient Allen’s media, Allen’s media and filtrate. The symbols FL:

filtrate of lake water as media, AM: Allen’s media, -N

respectively.

, -P, -Si and -Fe : Allen’'s media without N, P, Si and Fe,

Table 4. Relative abundances (%) of major dominant phytoplankton in four nutrient-deficient Allen’s media and natural

condition.
Media* St.1 St. 2 St.3

FL Eudorina elegans (40.0%) Golenkinia sp. (32.8%) Actinastrum hantzschii (66.3%)
Coelastrum sp. (19.5%) Cyclotella sp. (27.8%) Cosmarium sp. 1(15.5%)

AM Scenedesmus sp. 1 (46.3%) Scenedesmus sp. 1 (30.8%) Scenedesmus sp. 1 (89.3%)
Scenedesmus sp. 2 (28.2%) Scenedesmus acutus (30.6%) Scenedesmus sp. 2 (8.4%)

-N Cyclotella sp. (77.8%) Actinastrum sp. (73.5%) Anabaena sp. (55.3%)
Coelastrum sp. (7.8%) Cyclotella sp. (21.6%) Melosira sp. (26.6%)

-P Cyclotella sp. (59.9 %) Cyclotella sp. (64.2%) Cosmarium sp. 2 (43.4%)
Scenedesmus sp. 2 (19.3%) Stephanodiscus sp. (28.4%) Cyclotella sp. (16.0%)

-Si Scenedesmus acutus (72.6%) Scenedesmus acutus (51.6%) Scenedesmus sp. 1 (41.2%)
Scenedesmus sp. 1 (24.4%) Scenedesmus sp. 1 (17.4%) Scenedesmus acutus (34.6%)

-Fe Cosmarium sp. 2 (49.0 %) Microcystis aeruginosa (53.7%) Actinastrum hantzschii (89.5%)

Actinastrum hantzschii (36.9%)

Aphanocapsa sp. 2 (24.7%)

Cosmarium sp. 3 (6.5%)

*The symbols FL: filtrate (GF/C) of lake water as media, AM: Allen’s media, -N, -P, -Si and -Fe : Allen’s media without N, P, Si and Fe,
respectively.
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Table 5. First order growth of phytoplankton community
in each nutrient-deficient media. The growth
was represented by the concentration of chloro-
phyll-a (Y =a+bX).

Media* Materials a b r p

FL St.1 0.020 0.015 0.85 <0.0001
St. 2 0.147 0.499 0.97 <0.0001
St.3 —0.026 0.010 0.96 <0.0001
AM St.1 -12.822 4.895 0.96 <0.0001
St.2 —5.967 2.786 0.97 <0.0001
St. 3 12.955 3.912 0.88 <0.0001
-N St.1 0.105 -0.0001 -0.03  0.8869
St. 2 0.525 0.0068 0.18  0.5520
St.3 —0.006 0.001 0.47  0.0511
-P St.1 0.027 0.001 0.75 <0.0001
St. 2 0.397 0.030 0.67 0.0124
St.3 —0.008 0.002 0.57 0.0128
-Si St.1 —2.849 3.340 0.94 <0.0001
St. 2 —8.461 3.461 0.97 <0.0001
St. 3 9.262 3.918 0.91 <0.0001
-Fe St.1 —2.455 0.967 0.95 <0.0001
St. 2 —2.0650 0.908 0.95 <0.0001
St. 3 —2.0918 0.496 0.93 <0.0001

*The symbols FL: filtrate (GF/C) of lake water as media, AM:
Allen’s media, -N, -P, -Si and -Fe : Allen’'s media without N, P,
Si and Fe, respectively.
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x10°~9.1x 10%cells mL™*2A N, P A Zo|A 2
o] 747t 3%, 9.9%=2A 7H ZA FHAsEl A, Si AP
o|A] 98.9%=2A wWE&ILI FAFSIE o, Fe Aol A
169% = FE5HA MAS S7He Boloh A= 9%a 2
Holl w2 27 /WA WHe> Aol et g4 2
ol ®olou, F 33 FABH N, P, Si Aol A
B ANAS7E Z2A FasAY 2L fAFsR e, Fe
Aol A= v 2 JfA 7t ZA S

A EEFZE AAH(F chlorophyll-a 22 A4 1e]]4
M 2 AR (71ug LS Bglom, 213 394 55ug
L% A4 264 41pg L2 BT} (Table 5, Fig. 3). =
g 37 HAAS F3] FARE ARUESE 25 N, P
ATl 53 AAASNE Bl v, Si 2ol
M AR A2 e A 49kt EE Microcystis

W fEsldd Fe AYelE A4 1,23 %02
RS Bl ok, =% 10ug L W] gkegiet.

odekdeol A= wiHelA dAAZE wiekdt o 7
A oM 28 AEEFIES] F5 Y AEFE 2
A2 $AHE A5} gefx X35 AAksE 29 o
I ok AAH oz ALY $AHE A4 0.21~0.81
o W9 2A AA 35 A3 BE APLolA Hx2Lr
o ¥ 28 Byd(Fig. 2B). =3 A4 39] 79, N,

Chl-a (ug L™

100

012345678 9101112

012345678 9101112

012345678 9101112

Cultured time (d)

Fig. 3. Growth patterns of three phytoplankton communities in nutrient-deficient Allen’'s media, Allen’s media and
filtrate. The symbols FL.: filtrate of lake water as media, AM: Allen’s media, -N, -P, -Si and -Fe : Allen’s media

lack N, P, Si and Fe, respectively.
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P.Si AMZAE A 1,280} Y& $HEE B3l
2, 22, Fe AT 080 717he ¥ A
uoleh 99s ABERZES) 23 chkAs (H)
AAH o=z 2 03} (0.41~1.85)2] P £25 B3
(Fig. 2D). A4 13} 2614 N, P 2ol whe} ope 7|
7} ag R, A sdlAE es2 Zvlelleh @
A, A3 22] A%, i, Fe AR ZNA N, P 2070} o
¥ HfE A4E nolth Addoz Gy Aol
He AEEYaE 2R $HE 9 Pow A5
BN PANS TA0) $AE A4 Y g e
BEI, i, Fe 20 $HE 37 % HUE S 2
ek

o ot e

o )

-5
Hrzoz A435lE Allem media (AM)e]] AlEZat=
ECG1o0um)E =98 A9 3 dF4s BFE 52
(Scenedesmus)E A7 E=H|, AMo| Bold BasalZ} 3}
A HxFe] AMuckedl wig mIpH o] AWk (Maxwell,
1991), EAx /IS A or WAl AL of#HA
ot 53] Izl ¥ I A 39 A, qAS
ANME & 3 JiA = FEHA] AU A= Fe] AL
(N)Z A28 AM, 28]31 P, Si, Fe Zg oA 9] 439
=% Scenedesmus, N, P Z3 4| A Anabaena, Cyclo-
tella 52 Wt Fu|2¢ Afolo} wdt oJofgde]l 2
Ay Ay ABEHTES £ JUdde] 7
w8 ApAdel wet zbels Boleh AAH oz N,
P AgFolME= dxe) F2rF wddt v Bz 2g
31913, Si, Fe AgYTolM= w271 wdst v 271
2| gslolet A H o2 N, P, Si 2l 2J3)A] 4 (genus)
Tl A HoldA o] deolitowm, FeZdHolAME F (spec-
ies) ol Al 2] Hol7b dofydt. zF Aol wsted], A
7 20|x= Fe APA] FE (Microcystis, Aphanocapsa)
o b gl =z A7} donid vk AA 1, 3edX = =
27} dsisln ol el Y kel dHsiM=
257 M2 a8 Z3E B A obF AHEgsA A

qE e gloh I s Aol s ofsata
o ool 2A G2 ) A A ABEYE
o) H24 Aolol W|2H Zlez Az

2 A7l si AR A FEAE 2 wedgd

Aall @ ZxAe] ¥W3} (Hutchins, 1995; Takeda et al.,
1995; Hutchins and Bruland, 1998) =X A = 3]} ¥ 3}
(Sunda et al., 1995), |24 chlorophyll, cytochrome,
nitrate reductase A/ o]} A 2-¢ whizo] Qg .o
ojm] # ot#x ¢}t (Sunda et al., 1981; Anderson and
Morel, 1982; Brand et al., 1983; Weinberg, 1989; Bibby
etal., 2001). whetr| EA o] 2FAlE $13F 44
AL 27 F Aoo} AEF] WE 52 =% +
=S Ao A Aeatet B8 ddzFel o
FEAZES] HA| g A7t A

ek,

AFelM Mzg dadds frslgnl A (Fee
A A 26| A9k P2 Microcystis aeruginosa®] WA 7S
P o AgedE FBA) gk AR 2 A 13t
3ol W] JFEAN, P)o] 7MY ¥ 558 BYe

29} Fah e Wg el Agelnt dubgo
= A (Fe)e HEE=Ee) 44e S415kw (Goldman,
1972; Murphy et al., 1976; Jackson and Hecky, 1980;
DeHaan et al., 1985; Takeda and Obata, 1995; Hyen-
strand et al., 1999), Dinobryon, Synura, Uroglena 7+-2
Chrysophyceae (Munch, 1972; Van Dork, 1982; Ishida et
al., 1982), 4= (Takeda et al., 1995; Zeitler et al., 1996;
Gall et al., 2001), AA7A Jzx So] A=gS =r)s}
s3v} (Hyenstrand et al., 1999). o]of] ksl A Ao}

it JeEgaEe A% AT Y wx

o3

r
re

N

2l

il

Aphanizomenon ovalisporum®] AJAE 714 =& =
3T} (Polingher et al., 1995; Fitzwater et al., 1996). 2
AT Al Aot A Aol k- dx (e, Microcystis,
Anabanea)®] AJAlaAl-e X F7kA] Bagl v) gle S|
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