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Community Dynamics of Phytoplankton and Bacteria as Affected by Physicochemical
Environmental factors in Hoeya Dam Reservoir. Kim, Dae-Kyun, Ae-Ran Choi’, Hye-
Kyeong Lee', O-Seob Kwon' and Jongseol Kim* (Department of Biological Sciences,
University of Ulsan, Ulsan 680-749, Korea, 1School of Environmental Science & Engineering,
Inje University, Kimhae 621-749, Korea)

We investigated the effect of physicochemical environmental factors on the com-
munity dynamics of phytoplanktons and bacteria at the Hoeya Dam Reservoir, a
drinking water reservoir for Ulsan city. Water samples were collected and analyzed
every two to four weeks at three sites along the reservoir from April to October,
2001. During the study period, the Secchi depths were between 0.4 and 3.5 m. At the
surface layer of water column, temperature ranged 10.2~32.0°C, pH 7.3~9.6, dissolv-
ed oxygen 5.5~12.4mg L™*, BODs 0.8~5.0mg L™}, CODwn 3.7~10.0mg L™*, and Chl-a
8.9~60.9 mg m 3. At the bottom layer, temperature varied 7.2~28.9°C, pH 7.1~9.3,
dissolved oxygen 0.6~9.7 mg L™}, BODs 0.8~4.5mg L™}, CODwun 3.9~10.0mg L™, and
Chl-a 4.3~81.9 mg m 3. The numbers of phytoplanktons were 7.4 x 10°~ 2.6 x 10° cells
mL ™ at surface and 2.5x10°~2.4 x 10* cells mL™* at bottom, and were positively cor-
related with water temperature and Chl-a concentration. Genus Stephanodiscus
and genus Oscillatoria dominated on April and on May, respectively. Cyanobacterial
blooms of Aphanizomenon, Microcystis, Anabaena were observed from June to early
September, and thereafter Stephanodiscus and Aulacoseira dominated again. Total
microbial counts ranged 1.73 x 10*~1.68 x 10° cells mL ™, and were positively correlat-
ed with water temperature and phytoplankton counts at surface water. Heterotro-
phic plate counts (HPCs) ranged 30~4.1x10° CFU mL™%, and were positively
correlated with BODs and NO3z -N concentration at bottom water. Unlike the total
microbial counts, the numbers of fecal coliforms and fecal streptococci as well as
HPCs were higher at the bottom than the surface layer and were highest at the
upper a site among the three sampling sites. Since the concentrations of fecal
coliforms and streptococci were still high at the bottom of site c, where intake for
water treatment plant is located, it appeared that special management of water
treatment processes may be needed especially after strong rainfall.
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Fig. 1. Map showing the sampling sites at Hoeya Dam
Reservoir.
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Table 1. Average, maximum, and minimum values of physicochemical environmental parameters at Hoeya Dam

Reservoir from April to October, 2001.

Average=+S.D. (Min./Max.)

Parameters
Site a Site b Site ¢ Overall
Water temperature (°C) S 23.3+6.0(11.4/30.3) 22.7+5.9(10.2/29.8) 22.6+6.4(10.8/32.0) 22.8+5.9
P B 21.1+5.9(9.8/27.9) 21.4+6.1(10.0/28.9) 20.1+6.1(7.2/27.9) 20.9+5.8
DO (mg LY S 10.0+1.7(6.7/12.4) 9.0+1.7(6.3/11.4) 8.3+2.0(5.5/11.7) 9.1+1.9
g B 6.6+2.1(2.9/9.7) 6.3+2.0(3.8/9.5) 5.0+2.2(0.6/7.5) 6.0+2.2
Transparency (m) 1.1+0.9(0.4/3.5) 1.0+£0.7(0.7/3.0) 1.0+0.5(0.5/2.2) 1.0+0.7
Water depth (m) 5.5+1.5(4.0/8.3) 6.9+3.5(3.5/14.7) 14.8+2.2(12.0/19.0) 9.1+4.8
H S 8.8+0.7(7.7/9.5) 8.5+0.7(7.6/9.4) 8.1+0.8(7.3/9.6) 8.5+0.8
P B 7.9+0.7(7.2/9.3) 7.6+0.5(7.2/8.7) 7.5+0.3(7.1/8.1) 7.7+0.5
SS(mg LY S 10.2+6.4(4.1/22.8) 8.7+3.0(3.3/12.8) 8.4+3.0(4.1/13.3) 9.1+4.3
g B 38.7+32.0(12.8/101.0) 19.9+22.7(5.0/78.0) 11.6+4.9(3.2/20.5) 23.5+24.9
BODs (mg L) S 2.2+1.1(1.0/4.2) 2.0+0.8(1.1/3.5) 2.2+1.6(0.8/5.0) 21+1.2
(Mg B 2.2+0.8(1.7/4.3) 1.4+0.5(0.8/2.1) 1.9+1.2(0.9/4.5) 1.8+0.9
CODuyin (mg L) S 7.5+1.6(5.2/10.0) 5.5+1.1(4.3/7.6) 5.8+1.8(3.7/9.0) 6.2+1.7
Mn (MY B 6.7+1.5(5.0/10.0) 5.44+0.6(4.4/6.3) 5.0+0.7(3.9/6.0) 57+1.3
Chi-a(mg m %) S 33.1+14.1(17.9/60.9) 22.0+4.0(16.5/30.2) 19.4+9.8(8.9/42.2) 24.8+11.5
g B 32.5+20.8(8.1/81.9) 12.9+5.7(6.3/22.0) 12.2+5.2(4.3/21.3) 19.4+15.8
NHs-N (ug L %) S 73+79(12/269) 84+101(13/291) 103+100(10/299) 86+92
8 Ko B 234+199(30/568) 201+189(15/590) 314+278(51/954) 2514224
NO» ~N (ug LY S 53+26(0/90) 64 +36(19/137) 77+51(23/181) 64+39
2 K9 B 66+27(12/99) 75+40(19/142) 105+70(24/223) 82+50
NOs ~N (mg LY S 1.1+0.6(0.2/2.1) 1.5+0.7(0.7/2.9) 1.3+0.5(0.6/2.2) 1.3+0.6
8 g B 1.4+0.5(0.8/2.3) 1.4+0.5(0.5/2.0) 1.2+0.4(0.5/1.9) 1.3+05
S: surface water; B: bottom water
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Table 2. Spearman’s rank correlation coefficient between various parameters at Hoeya Dam Reservoir from April to
October, 2001.

DO pH SS BODs CODwmn Chl-a  NH3 NO3™ #P #C TMC HPC

Water S -045* —024 -007 011 009 002 -010 -042* 0.74** 0.81** 0.56** —0.16
temp. B -0.48** —0.50** 0.07 -0.12 009 -005 010 -0.36 0.76* 0.74** 014 -0.06
oo S 0.87** 028 052 055 044* -003  042* -021 -025 017  051**
B 0.78** 008 -003 -033  044* -048* 004 -031 -049* -004 011
oS 028 057 073** 055 -012 031 -008 -007 022 032
P B 006 -0.2 -0.01  0.61** -0.64** -0.07 -0.29 -0.54** 030 —0.23
ss s 000 023 031 -033 010 006 -006 -008  0.08
B 0.49** 045* 0.62** -0.03 009 010 006 034  037*
Bop. S 042 036 00l 030 -003 020 037* 034
* B 041* 022  042* 038 -011 002 001  0.48
copw. S 053** -0.01 00l 023 023 030 011
L 030 024 021 019 026 013 001
chiea S -0.03 -009 025 016 028  0.20
B -040* -003 015 -017 -005 0.8
NH. S -0.15 -003 009 016 -0.10
. 032 004 030 024 026
NOo S -031 -034 -027 033
* B -0.28 -0.14 -002  0.51**
4p S 0.85%*  0.55** -0.01
B 0.75** 013  0.05
s 0.69** —0.12
#C B 0.37*  0.03
s 0.31
™C g 0.20

*: p<0.05; **: p<0.01; N=30(S); N=29(B)
# P: number of phytoplankton; # C: number of cyanobacteria; TMC: total microbial count; HPC: heterotrophic plate count; S: surface water;
B: bottom water
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Fig. 2. Dynamics of phytoplankton populations at surface
water of Hoeya Dam Reservoir from April to Octo-
ber, 2001.
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Fig. 3. Dynamics of phytoplankton populations at bottom
water of Hoeya Dam Reservoir from April to Octo-
ber, 2001.
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259 HAAFLERd O] pon, olle o) &
)R] e] F4=0||A] cyanobacteriaz} 7)o LA s =
g 203 9&& 3= Aoz &elA 9} (Castenholz,
2001; Wetzel, 2001). 331, A EZat=E NA 4 27} 2

£4 cyanobacteria T*4Ajo] u}E BODsE =3 F =

7189 27 s 2skeh sek 44AelA 1

S
E
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2 AYakel] &gt YR F7Ee] $FR7]E2] Fxo
7ldste A=E A 4 JdAdARL a AH A F9
BODs®} CODwmn#te] w2 F A|Ael wlal] &3 A E/‘]
7ol WA e Fawel Aegelehs HdlA

7h & A S ackse wlE) Ao 3]—r7lﬂ fr
Aol Jgpol o aTw 22 4 Aok

ANEBRIE £9) ATH BEFE DA T
Al A4 (Shannon and Weaver, 1963)2] HuA:= 64 4
d b A ZFA] 0840|901, a2 9 17 a #]
o] oA 0.812 el en, ookl chlorophyta?)
=3 WEoz AEoh AR gekd Ao
2 593 64, 2|3 9ol 0.53 o|4Fe] BlwH 2
e By, 89 10Yel:= 0.40 o|3}te] e & o}
IR A2ERaE 2o $8= A4 (Simpson,
1949 Topid Ao} W P Be] 69 42 b A
Ao mZoIAM 0172 FHAAE 753131, 84 643}
209 a XA ;=A== Aphanizomenon<:e] oAy
o 71<15ke] 27} 0.963} 0979 ¥ ke L.
449 39 aAFHe A= 0899 ¥ A= A5
£ HyE4d|, o]= Stephanodiscus$e] =2 &gk
ge ez A7,

3. AT} AlFEA 4

Blof MR8 F Al 7Y 6Yo] b AHY =
Zoj|A 1.68x 10°cells mL™'2 H 122, 649 4] a A
o] x| ZejA] 1.73x10%cells mL 2 HAXES B}
(Fig 4). Al ZAAA BF 2Fo] ARG ¥ gk

+ By, 230 A 5 749 89 FAHA7}
fﬂﬂli ot (Fig. 4). =% % *ﬂ 4 (TMC) 8} -3}
o] AFAA 4= 056 (p<0.01, N=30)°]% 1, AF F Al
*E 23 Fo4 e *0447417} Ruom
(Table 2), M2 ¢ AAQY 2FoAM 272 A
A 47} 0.76 (p<0.05, N:10) 71 =gkt 2= %
A4 (TMC) e} =3 A EZEHIE /NAS# P)o] A3
A4 0.55(p<0.01, N= 30),_‘._o cyanobacteria 7§ A 4=
oke] A= 0.69 (p<0.01, N =30)0]3l 3L, AR}
= g2 1 ARIA I} e =elsleit) (Table 2).
2 AF59 244, pH, B4-22, CODwmn, $FEY oA
AL, A AR, G54 agks FolAe] e AR
A7} =k (Table 2).

1 5(2001) $evte}t 8 AN =AM 3 Al
Z=¢] W)= 3.0x10°~2.1%x10"cells mL*=2 AHZ3lm
gJc} 19981 9YXRE 19994 8Y7kA] WA 59 47) X

olslz - AeN - ABN

® site a, TMC
o site a, HPC

v siteb, TMC = sitec, TMC
v site b, HPC o sitec, HPC

10°:  A. Surface

Total microbial count (# of cells mL™) &
Heterotrophic plate count (CFUs mL™)

10°§ B. Bottom
105‘;
10*4

103’;

103

Total microbial count (# of cells mL™) &
Heterotrophic plate count (CFUs mL™)

10t . : . T T . :
4/1 5/1 6/1 711 8/1 9/1 10/2  11/1

Sampling date (2001)

Fig. 4. Changes of direct total microbial counts (filled
symbols) and heterotrophic plate counts (open
symbols) at three sites of Hoeya Dam Reservoir
from April to October, 2001. (A: surface water, B:
bottom water)

A A] 2R 2 HF5E 1.2x10°~1.9x 10" cells mL™
2 7Yz 8Ye] HIAE B, vst A7l &oF
FoA Y Ak 1.2x10°~6.7x10%cells mL 1= 7€
ol L 47} F718b7] Alztske] 8ol HuAE 7] =3
(A 5, 2000; ¥) 5, 2002). 3lofH A fA]e|A| 2] F A
T4 Z2ARE PA 58 poksolr e} mlEriAZ A"
of mhe}t Wistsle] 79 i 84Ul 7P w3hout AP
7+ et F AlF4 WHelE 229 A$ 2.02x10°~

1.68x 10°cells mL*2 % 529} vlwsle] I A
oo}t durd o g zpASA A AFY WAL Fez) 1)
At IS B 0] & v Axe} Ao 7}
= Aoz I#A ¢} (Wetzel, 2001). 1A 5F A A A
EZg3E 9 cyanobacteria A $x 527 =2 o
32 Hol7] W] Blofd A A NA 2AV|ZE 5
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A F Ao WEE 4o AR dekoz
Ael7) = o ek
sdgyes 243 dublEe] S 109 2090

a XA #Z6|A] 4.1x10°CFU mL~ 11 FHuAE, 49
390 ¢ XA =64 30CFU mL™'Z HAXZE 1Y
o} (Fig. 4). ZARAAY  IukHF52] HAgS 250
1.8%X10°~3.0x 10° CFU mL™, #|Zo] 4.0%x10°~1.0X
10°CFU mL™*9] W92, a AH o] g2 F AHue ¥
WL, FLA AN AFol BFRY Fo} F HdS
£ o opge ngnh QAR F Aeel 4
182 849 6 c Ao EFelA 0.02%= 7 gk
, 1049 299 a A A2 A FoNA 15%= 7HE Fakow,
WAFE F AT S04 G ARAAT 9
9tk (Fig. 4, Table 2). 3+¥1 Egszhios =3 oul
Ase =dsayos 248 g s FF Lew)
wokoml, £ ow 24T YiAFRe 4WASE
0.74(p<0.01, N=59)2 o] AA{A S Bt
R4 (HPC)= Xi—i—ow 24, BODs, 2AH]
Axes), EFAAE AR fo4e] G kel 4
IAE B3l o, pH, CODMn, dEYH] AL, 454
She ool sl ARWAZL slek (Table
AT Ao g QuibEeE 22,
E 7)A4, cyanobacteria 7N A| 59 §-9)A °] 9
A7} ggld (Table 2), o= A EFF=E
At ol WRALGTZe] Qi Fon S
s Aol AE FAA FAAD £ A
o) Az AAWAZ A45e TPede nelFEh 7
5 (1995) 2 HAzoIA {71% BaAFe] B4e) cyano-
bacteria®] Aol o3 AAPE B33l o, o] A}
£ Microcystis€ro] HH|3l= 23} ARALE-9] ofgko
AR, slokdl A2 Aol o]2dt AH>
fraste]zt A4E 3 5(2002)2 52 A3 A A Al
T3 £ Cytophaga-Flavobacterium groupe] cyano-
bacteria®} HWA3 AAE 7P WIS BuEdE
9], cyanobacteria’} o}l o] & groupe] UuiM|Fo=z
EAH = Al RS GAEAS 7= 443 3l
ok o3t A= 2H7F WA i 5549 S
AR E7F ARl FEeokd Aol dake uked
skt Algke] SlSS HodFEo v elA A EE 771
E2 Fek ol g AE, 22y WEAAALRTIE 2
SRR 5 F&od o] Adsatgol g AL
7} slep AgA2] mAEH oL o]s| sl T3}

22} A7tee).
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Fig. 5. The number of fecal coliforms at surface (A) and
bottom (B) water of Hoeya Dam Reservoir, and
daily rainfall (C) of Ulsan area from May to Octo-
ber, 2001.

MPN A& & tjAto g BAA YR-FZ# hAF
gt A EE Bkt ELA T2 = a A
Aol dg F A¥nd w31, FYAA z
2230 gAz Egton, 79 99,949 174, 10Y 29
do] A Al AAA a, b, co] 2FF} AF EFolA
B4 ATl A=A (Fig. 5A, 5B). A4
+E 59 79 b A AF 84 6 c A =
A &elaE= 2F 2 MPN/100 ML ojAo 2 =R
d A2 AR 74 94, 99 174, 10*3_
5] ,FEEE A Rl HsAEk
S0 20mm o 4] 24 7]
53 22 64 189U} 249, 7Y 593} 169, 84 54U}
149,99 1493} 30Y, 104 9¥3} 28Y 5 =% 10¥
ojglom, AmAH 1~39 He| W w7k A 79 9
o, 89 6%, 9¢ 179, 104 2999 ¥4 HAAZF
} 37 @259 79,69 49,849 20¥, 94 39,10
2 899) ZA3kel ¥s) A d oz ¥ke}(Fig. 5). o)<
g A= EAA dAE Lol AREAE AES 5
F2 Azoz #3059, o) yre B4 A1
HAA o] slel vl G| 7|3 Aot 2 Aoz

2o

94

(e
wo
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olslz - AeN - ABN

Table 3. Number of positive tubes for fecal streptococci among five replicates.

7 May 4 Jun. 9 Jul. 6 Aug. 20 Aug. 3 Sep. 17 Sep. 8 Oct. 29 Oct.
Site a S 3 0 1 0 0 0 0 1 4
B 0 3 5 5 4 0 1 1 5
; S 0 0 0 0 0 0 0 0 1
Site b B 0 1 5 0 0 0 2 0 -
Site S 0 0 2 0 2 0 0 0 0
B 0 1 5 1 1 0 4 0 0

S: surface water; B: bottom water

79},
204 ATl AR YA Re] Ave Avn
W, a Aol AE 09 3UL AT mE 2AIAA] o

Aoz gal=glor, b 2T} ¢ A HdAE 93] 2A}
Az} % 7zt7} 43]9) 53] Foz A F T (Table 3).
A2z AEs 59 AAdZEelAzm = BUA A
Tl e FAow AR o] AL axHY A=
o Wit 272 1A 34T b AA] EZe) 012 A
Ugtom] AR AMz = a X H o] 7} =9k thgo)

c A, 2 b AAe £AMer, FAAA-AAE A

Fol EFHT E3UT (Table 3). o]2j3t A= 94
WA b R 294 AddTEE T2 714
AiaiE A5E B3 A4 488 BT T2

2] el okl AeAe] A4 aAME 7%*4 A
de 294 “MFT:” l‘f:%l*é ‘ﬂﬂl”%?rﬂ %—’F 1

2 Al B —4—:—“&‘:}% 4e za:lz_r o, =] )
& F AR Al gle] HUY Folv} BeF
& AAkaie
5 e
24l 128 A5UQ Sopd ASAelA B2 - 5}
4 f72qle] Be JuBgmEe] WE 9 et
AFEA S0 MaE setstad A5A 34 A%

o] =3} A ZollA 20019 4YellA 1097HA] 2~452]
Aoz Agsted BT AT FeF FHEEE
0.4~3.5m, =o)X 42 10.2~32.0°C, &4 55~
124mg L%, pH 7.3~9.6, BODs 0.8~5.0mg L™, CODwn
3.7~10.0mg L%, Chl-a 8.9~60.9 mg m™3, XA} 4=
£ 7.2~28.9°C, £&44 0.6~95mg LY, pH 7.1~9.3,
BODs 0.8~4.5mg L™, CODmn 3.9~10.0mg L™, Chl-a
43~81.9mg m 3] Welgdr) ABZFIE NASE =

a2

= 7.4%x10°~2.6x10°cells mL™, = 2.5x10°~2.4 %
0%cells mL™¢] Welgdom, & 2 Chl-as} oFe] A
FAAZ 2P 4Y4E= Stephanodiscusss, 544 &=
Oscillatoriagro] 98319131, 64oA] 99 = ZAA
Aphanizomenon, Microcystis, Anabaena®] ©jxwAjo] T
Ax)gjom, 9¥ 4 o]& t}A] Stephanodiscus<3}
Aulacoseiragro] ©A3}9dc) = A|FSE= 1.73x10%~
1.68 x 10° cells mL’19] Wolg ;o] AZHT =9lo
o, 48 % ABTARE SR B3l ol A%
A7 Qe g xﬂ:*h 30~4.1x10° CFU mL™'¢]
HHE, a Ao g F ARG 30T, AFo] 5
Ho} ol F AlFSos o2 S Bolom, A3

Al BODs ¥ NO3 -N3} oFo] A4AA S epfigiet. &
AA PAFZI BUA AHATF AL a A -] o

J

T F AAEG 290 Axrt o] A AFe] 2R
o 53] goker, u7h & o] Felle FHewte] #AIF ¢
Ao AFAM = A g2 AEH] ol 1EF
Ar3Ael #e7h destele A=

AL AL

o] Q7= 20019 %E SARAG3A 7| E/NAE AT
] Aoz S

=
2 EE
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