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Abstract  To evaluate the relationship between dynamics of Cyanobacterial bloom and rainfalls, a monthly
monitoring of water quality and phytoplankton from the three serial lakes (Lake Ui-am, Lake Chung-pyeong
and Lake Pal-dang) in the North Han River System were examined 12 times from May 2012 to March 2013. A
dense bloom of cyanobacterium Anabaena spp., was occurred over three lakes in the summer season of 2012.
In Lake Ui-am, the Anabaena population appeared in June, showed a peak in July (43,850 cells mL™") and
disappeared in November 2012. In Lake Chung-pyeong and Lake Pal-dang, Anabaena population commonly
appeared in July, showed the peaks (31,648 cells mL™" and 7,136 cells mL ™', respectively) in August, and
entirely disappeared in September 2012. Over the three lakes, the phytoplankton community was commonly
dominated by diatoms before Monsoon, cyanobacteria during Monsoon, and diatoms after Monsoon, respec-
tively, indicating a Monsoon-dependent succession. A correlation analysis revealed that dynamics of Anabaena
population was strongly related with rainfall (r=0.72, r=0.83, r=0.88, P<0.01 for three lakes), and partly
with nutrients, inflow and outflow of lakes. Therefore, this study indicates that the outbreak and destruction of
Anabaena bloom in North Han River System between 2012 and 2013 was impacted by rainfalls. However, a
high density of cyanobacteria in Lake Ui-am remained after Monsoon, and thus, may produce bad-order and
toxins from phytoplankton.

Key words: algal bloom, Anabaena, cyanobacterium, North Han River System, rainfall

M B FHEE SRS 2EX o= $88A] Rehe AA o

o} $euete) Gk 4Rk 2L 12769melw, 1

Selvels gaare) ARA Wk Askx Az 7 F T4%7h viekE AL A7) 2L A AR Fom &
Seke] 50% o|ife] J2Ad] AFHe] glo] shHor AT 26%c] AFHE 3314m’Tte] o] 4FH L glo
o, oz §2HE 44 F SApdoz o3 of

. - 3 E3
Manuscript received 9 June 2014, revised 25 June 2014, ﬁ 5 —/1\—7‘1] = Zﬂ 3] '5]-‘:'3_ 238 °—4-|m 01] %3'4’5]-‘:}‘ (Seo et al.,
revision accepted 30 June 2014 ala] = =9 339 AlZol ooz |
* Corresponding author: Tel: +82-2-2220-0960, Fax: +82-2-2220-0960, 2003). U:]- ]— 1 B LH T ]— “'/] © Tr°ﬂ - rol= ]
E-mail: sjhwang@konkuk.ac.kr, tigerk@hanyang.ac.kr 23 2 852 FF37] Y3 Fu e qlETHo)

(© The Korean Society of Limnology. All rights reserved.
This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/),
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provide the original work is properly cited.

— 116 —



25tz 27|19 X Anabaena CHZtA "7

A= e] 9)t}Jones et al., 1997).

Jeh AFEE At 2ALE HuT F 24
e olfel A7) ghonl 5ol ¥t Wyl o
ol Hnl, odokst B saelN: ABEGLES]

e Lo A7 A oI Kk

el F -y FA GH 2 34 ATl whad,
ARA B7he7) o|3tshy A EA | st 2] A <l
J3FS Fop= B 17} ) 2™ (An and Jones, 2000; Kim

and Kim, 2004), 247492 Qg A FA7F W= 4
2EYaE 24 W] 728 2qow F4qd 5
A=

3 ARA F7he dFdE $HAA HEEYaE
RS AT Sk
O

FH”E“E (Cyanobacterla bloom)<2 ¢l (P) 59
] T= S7F B2 4x%, 429 371 COo, 3L,
= pH 5l 23 ‘24_01"‘ 4 olom, kAo A
Ao ot Yz 7ha, B0 55l 23t Flush-
mg:i AR FYEE AP FA 5o Yol

4> 9)©} (Soranno, 1997; Havens and Walker, 2002; Mur-
rell and Lores, 2004; Havens, 2008). A 2 2012 ]
=4o|| 237} A \A F=E Anabaena spp.7} LAY

& gofion 18 £ ofl LR, G

Anabaena circinalis, Anabaena crassa, Anabaena spiro-
ides 5 3%o0] &) (co-existence)F o] et Aoz =

AbEl9l o™ (Li et al., 2013), ©]2]3t Anabaena o)A -2
Brazilo| A = Anabaena spp.7} EAEo] oS do
Z1 AF7) 9JeF(Yunes et al., 2003). 317} $A4|= A&
W prygor F9¥FE FQ Ao =2ZAN Anabaena
AL of - 2v] A, F24 Anatoxin A4 Fl E

Ag doA He & Tl A4 3L mA & 9l

o

E ATE 5 A AEE del
Anabaena NAZLE AEF 7kesle] HAZ ot
2} 2012 SYRE] 20134 49717 B3} 5

5, A3, 293 -8, o 2 HEEY
d2F 52 9 134 = 123 A AT

4 to o at
=T/ T

it

ERIETE

1. ZAKIE " 712

i

}_/\]J; v}}_q.]ﬂl-}\g_g_ o]_(_b_za
27 (UA), 3535 A3 (CP), %
Joz 7 w4 1) 44¢ AAshn

A 537t Cts F=A
Idts HL(PD) 55
20121 5Y3RE

>

A% A0 Anabaena spp.9) £ WA HAF 20139 49744 W12 1314 F 12518 A sk (Fie.
N
IS
a
iy ©
i / ¥
/ 5
kS i North Han River Hongcheon stream
=
Pal-dang Lak > 3
South Han River f/ [

Gyeongan stream

Jﬁ;k stream

0 5.0 km

/_\_)-\

127°2520"E 127°38'45"E

Fig. 1. A map showing the sampling sites in three serial lakes (Lake Ui-am, Lake Chung-pyeong, and Lake Pal-dang) in North Han
River System from May 2012 to March 2013.
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Fig. 2. A daily precipitations in three serial lakes in North Han River System from May 2012 to March 2013. Down-toward arrow in
Lake Ui-Am is the first strong rainfall (>45 mm) after drought. UA; Lake Ui-am, CP; Lake Chung-pyeong , PD; Lake Pal-dang.
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2 2834 Ao 6498¥ F=7}3l Anabaena spp.7}
Z33s1HA T~ 10471 Anabaena spp.7} $HFo =2
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Table 1. Dominant phytoplankton species and its abundance (%) in three serial lakes in North Han River System from May 2012 to

March 2013.
Lake Ui-am Lake Chung-pyeong Lake Pal-dang
Month
DPS cells mL ™" (%) DPS cells mL ™! (%) DPS cells mL ™! (%)

2012/5 Fragilaria 4,380(91.4) Fragilaria 1,420(93.4) Cryptomonas 120 (48.0)
6 Fragilaria 2,505 (38.2) Fragilaria 1,802 (55.2) Aulacoseira 612(56.3)
7 Anabaena 43,850 (93.6) Anabaena 3,106 (51.5) Anabaena 2,128 (44.5)
8 Anabaena 13,504 (96.7) Anabaena 31,648 (95.0) Anabaena 7,136(79.2)
9 Anabaena 776 (49.4) Aulacoseira 316(57.4) Chlamydomonas 173 (31.4)
10 Anabaena 7,376 (75.2) Aulacoseira 1,100 (71.9) Aulacoseira 1,200 (64.9)
11 Aulacoseira 548 (90.7) Aulacoseira 240 (36.1) Aphanizomenon 1,696 (47.5)
12 Fragilaria 432(90.0) Aulacoseira 392(61.3) Aulacoseira 624 (67.2)
2013/1 Phormodium 376(58.8) Cyclotella 208 (46.4) Cyclotella 224 (28.3)
2 Cryptomonas 696 (46.3) Asterionella 640 (82.5) Asterionella 208 (63.4)
3 Fragilaria 216(79.4) Cyclotella 224 (43.1) Cyclotella 696 (47.3)
4 Asterionella 704 (67.7) Asterionella 1,904 (71.0) Cyclotella 1,612 (48.5)

DPS; dominant phytoplankton species
Anabaena; Anabaena spp., Aphanizomenon; A. flos-aquae, Asterionella; A. formosa, Aulacoseira; A. italica, Chlamydomonas; C. globosa, Cryptomonas;
C. ovata, Cyclotella; C. meneghiniana, Fragilaria; F. crotonensis, Phormodium; P. mucicola
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Fig. 3. Daily fluctuation of inflow and outflow and Anabaena spp. cell density of three serial lakes in North Han River System from
May 2012 to March 2013. UA; Lake Ui-am, CP; Lake Chung-pyeong , PD; Lake Pal-dang.
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Fig. 4. Monthly fluctuation of water temperature, dissolved oxygen, total phosphorus, nitrogen : phosphorus ratio, total phytoplankton
and Anabaena spp. cell density under daily precipitations in Lake Ui-am in North Han River System from May 2012 to March

2013.
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Fig. 5. Monthly fluctuation of water temperature, dissolved oxygen, total phosphorus, nitrogen : phosphorus ratio, total phytoplankton
and Anabaena spp. cell density under daily precipitations in Lake Chung-pyeong in North Han River System from May 2012 to

March 2013.
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Fig. 6. Monthly fluctuation of water temperature, dissolved oxygen, total phosphorus, nitrogen : phosphorus ratio, total phytoplankton
and Anabaena spp. cell density under daily precipitations in Lake Pal-dang in North Han River System from May 2012 to March

2013.

2 ¥y o} 79 Gz}l Anabaena spp.7} 33T
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anizomenon flos-aquae, 124\ Aulacoseira italica7} 7z
% $Hzes FUsilen] 20134 1 -4k 7z
7}l Cyclotella meneghiniana, Asterionella formosa7}
$AFo 2 Z¥3 Tk (Table 1).
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27 w2 AEEEIE dEFS B9lon, Anaba-
ena spp.7} AA V=] 75% A} (7,136 cells mL ™)
9] v]&& A5G (Fig. 6). 33 =3t Anabaena
spp-&] 7ol AF3e} FARE RS el
Yot 2] 79w sy AM s v 2 3
EF FES Hoed, ol 93Ut AYs, AWl
vl vl fEFel B, 12} A5 Al U= A

ux wREsl7] wEez dhebEld (Fig.
3). w3t FFs= H37F AR o et AG

A Fol FdEel FA B e A i

M o

o] o]t} A 5o vls] B Anabaena spp.o] &
EgFo] ¥k Zleo= kgt (Han er al., 1995; kim,
1998). ©o] % Anabaena spp.= 2% 3, AH Tl e} 2
o) 8o W) B4er] Tl ool o8 54z
Flushing &3}ol] 9J8] Anabaena spp.”} AEE 7lo=z
ks

3. ASEYIEL 3L d2Y

JFd AT AR5 A 7Fe] HE ¥R
N/P ratiool| 4] ¥ 3= 54-2] N/P B]9] 7¢ B.E 100
Ax=z ¢l (P)o] Agtaiz 2851 (Hecky and kilham,
1988; Kim et al., 1997; Seo et al., 2003), ZAFAAE A
TN/TPu|7} 100 o]4}¢] &2 <l (P) A&t A= epyt
o elel@ AN Q) Zhe AEEImES 47
2 AR FAD Qa2 440G Aow AR
S L T DS LR
TP ratio7} 30 ©]3}= veh = 7497} vk o v (Smith,
1983; Smith et al., 1987), 25 &2 A E2 HE ]9
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Fig. 7. Monthly fluctuation of relative abundance of phytoplankton in three serial lakes of North Han River System from May 2012 to
March 2013. UA; Lake Ui-am, CP; Lake Chung-pyeong, PD; Lake Pal-dang. An: Anabaena spp., AP: Aphanizomenon flos-

aquae, Ph: Phormidium mucicola.

g =712 I3t TN/TP ratio®] ZHAE Jdx7Fe

o] 203t Yalo] ¥t} (Trimbee and Prepas, 1987'
Sheffer et al., 1997). A} AAE 9A] 7192 sl =
Aoz ogd A7k gae F=e ol 27}
S A1718) Anabaena spp 7 FRE AL LAk
on, o)t 15 g MRT AAE, BT wF I4T
A bk 93N 2449 Ao .
Q) o5 Sde B TR 9% 24
Hebe $9AH3 B §99) P ego
53 W RaTh o3k 4 Wl v5 27
X chk= ¥ 17} gl=d) (Jeon et al., 2012), ZAF AA
1A Abgol Q)= oot soA] 278 olo] A 59} =
9352 FU=EHEA Anabaena spp.7} AAs=Y =8-S
F9& Aoz AsEo

2AP17 B9 ABFFIE 24 Wi B
A9 5689 204 3Rz 7]
344 #eln )

g

i ofN :Jlo 8 o

T

ol

o g AHslglon, o A7le) BEF =T 4%
3 ok 247 ol 9Jome) A9k 4o o]

9,109 = F27}e] 2 ¥E&2 AR, 19
Z7}, 29| 2 :13 H7}o] =2 w|g= 1/].1:,].\;)‘1‘5/_, R
77l e BT Ll i}zl?'f}‘ii‘:}- e
ZofA = 14—7] o|Fol| BT FR7}fo] 2 vEE A
2 stdet. B zor e ,26]‘019’]' ‘:}Eﬂl 9ol =
27}, 1196 F27te] 2 vE2 yehda, ymi#] 7]
ol mF ko] o vlEE ARk
SJorsol A AR 739} 7 2dsle] ARAAe) o
S AHER e FUF=0.68) W HEBFLE (=
0.71), Anabaena spp. 8Z2F (r=0.72), —,—-rrgz] (SS) (1=
0.72) 3 e o) ARIAR Ve, SEAL
(DO) r=—0.84)= ¥ 3o AHA = Jept 7H$
7} A EE3E Y Anabaena spp. AE ol = oIS
2= 7o 2 EelE gt} (Table 2).
A sl AT e Bl U r=0.92), I3
2 (r>0.88), AEZHIE (r>0.86) ¥ Anabaena spp.
= (r=0.83), &<l (r=0.93), COD (r=0.90) 53} =

TFZ27}e] =
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Table 2. Pearson’s correlation coefficients between biological and physicochemical variables in three serial lakes in North Han River

System from May 2012 to March 2013.

Lake Ui-am Lake Chung-pyeong Lake Pal-dang
Variables

Rainfalls ANA Rainfalls ANA Rainfalls ANA
In put 0.667* 0.259 0.915%* 0.831%** 0.938%#* 0.807**
Out put 0.549 0.120 0.882%%* 0.823%%* 0.926%* 0.792%%*
Temperature 0.706* 0.532 0.668* 0.408 0.678* 0.540
pH 0.592%* 0.613* 0.452 0.599* 0.121 0.317
Dissolved oxygen —0.835%* —0.492 —0.684* —0.396 —0.253 —0.142
Suspended solids 0.716%* 0.702* 0.414 0.301 0.390 0.179
Total phosphorus 0.411 0.381 0.933%%* 0.868%* 0.632* 0.276
Total nitrogen —0.081 —0.281 0.019 —0.144 0.238 —0.011
COD 0.534 0.529 0.896%* 0.786** 0.550 0.523
ANA 0.722%* 0.831%%* 0.880%*
TAP 0.705* 0.993%%* 0.862%* 0.994%*%* 0.839%* 0.942%%*
Chlorophyll a 0.701%* 0.669%* 0.749%%* 0.795%%* 0.778%* 0.537

ANA; Anabaena spp.

TAP; Total abundance of phytoplankton
COD; Chemical oxygen demand

* P<0.05, **; P<0.01

rlo
o
lo
o>
'
l"“
X,
i
*
s
P
S
d E“"’
Jo
13:3
o
o
oft
rlo
ol o rff

- by
F(r=0.82) 5 ¢ =2 AFIAE e, F
AAl A BEZHTE (r=0.88) 2 Anabaena spp. &
F=087)3 v ¥ JAIAZ eht AzHos
A5 Qe fl R A9 B Aol
Anabaena spp.9] 71553 FA 7L e Aoz el
Zds0) 7 w3 F9%F 1=0.94), W& (1=0.93),
A 22 3E (r=0.88) Y Anabaena spp. & (r=
0.84), %91 (r=0.63) 5% ¥ AAAAE eplon,
o WERE 0 (>0.63), HEEFIZE(@=0.75) %
Anabaena spp. 8Z& (1=0.81)Z} w]-$ =2 AlAAA =S
ebdleh. 0|5} g AT gew ol 49, BEe
Q19| %7} Anabaena spp.2] 7150l ¢33

& Ft 2% 2a9e) Hasigl

R
¢l (r=0.89), A BZ2 =& (r=0.83) Y Anabaena spp.
=
al

H e

20124 5URE] 20134 4970x) B3k 5A) 379
Qe (2)oks, A5, B89 S48, 1 9 A
E2oloE 95F 52 9 154 & 123 24 24}
3oieh 37 A4S AuEUdaE 2HE 276
L EUF, BTl YRR EeildE o) 52
F7) 491 AR Bylon, B L BeF
7] Aerle] %2fst e Yes Jeplch 2710

Zot 71 =2 HEFLS WAR F2 Anabaena spp.=
k3ol A 201213 6ol Z7s}e] 7ol 2 31X (43,850
cells mL™)E Hol T ¥& & A5k} 110
A==} oo vl8] AE 3 (31,648 cells mL )9}
o35 (7,136 cells mL ol A= 23] 7o S =33}
o] 8Yo) A= Boltr} 9] A3 AlelH . 4
273 = Anabaena spp. 8EFe] HAE B, 3
N AGA 2E 7S (r=0.72, r=0.83, r=0.88, P<0.01
foral)& ¥I=& Fd% 2= 2 gl At =
2 AHAE Jelloh whebd 2012 234 247) 54t

537 A 30 ARl Lot Anabaena AR
32 e A, Al e e, odts
T AT ol Felx A7 Tk 2 dERvt vlad
e qEFE AR Qo] Al A9 ol FH Y]
35y TheA e A&d Zles AE I

2012\ 37FpA 77| 2R e o
A

541 A E, o

REFERENCES

APHA. 2005. Standard methods for the examination of water
and wastewater, 19th ed., APHA-AWWA-WEF, Washing-



126 BE . ROIS . HATI

ton D.C., USA.

An, K.G. and J.R. Jones. 2000. Temporal and spatial patterns in
ionic salinity and suspended solids in a reservoir influenc-
ed by the Asian monsoon. Hydrobiologia 436: 179-189.

Ha, K.J., K.S. Yun, J.G. Jhun and C.K. Park. 2005. Definition of
onset/retreat and intensity of changma during the boreal
summer monsoon season. Journal of the Korean Meteoro-
logical Society 41(6): 927-942.

Han, M.S., Y.Y. Auh, J.K. Ryu, K.I. Yoo and Y.K. Choi. 1995.
Ecological studies on Pal’tang river-reservoir system in
Korea 2. Changes in phytoplankton community structure.
Korean Journal of Limnological Society 28(3): 335-344.

Havens, K.E. 2008. Cyanobacteria blooms: effects on aquatic
ecosystems. In: Hudnell KH (ed). Cyanobacterial Harmful
Algal Blooms: State of the Science and Research Springer:
New York. 619: 675-732.

Havens, K.E. and W.W. Walker. 2002. Development of a total
phosphorus concentration goal in the TMDL process for
Lake Okeechobee, Florida (USA). Lake and Reservoir
Management 18: 227-238.

Hecky, R.E. and P. Kilham. 1988. Nutrient limitation of phyto-
plankton in freshwater and marine environments : A review
of recent evidence on the effects of enrichment. Limnology
and Oceanography 33: 796-822.

Jeon, HW., J.W. Choi and K.G. An. 2012. Spatio-temporal water
quality variations at various streams of Han-river watershed
and empirical models of serial impoundment reservoirs.
Korean Journal of Limnological Society 45(4): 378-391.

Jone, J.R., M.F. Knowlton and K.G. An. 1997. Developing a par-
adigm to study and model the eutrophication process in
Korean reservoirs. Korean Journal of Limnological Soci-
ety 30(Special Issue): 463-471.

Kim, B.C. and Y.H. Kim. 2004. Phosphorus cycle in a deep re-
servoir in Asian monsoon area (lake Soyang, Korea) and
the modeling with a 2-D hydrodynamic water quality mo-
del. Korean Journal of Limnological Society 37(2): 205-
212.

Kim, Y.J. 1996. Ecological study of phytoplankton community
and trophic states using indicators in lake paltang. Korean
Journal of Limnology Society 19(4): 323-345.

Li, Z., M.S. Han, S.O. Hwang, M.S. Byeon, S.J. Hwang and B.H.
Kim. 2012. Molecular identification of the bloom-forming
cyanobacterium Anabaena from North Han river system
in Summer. Korean Journal of Ecology and Environment
46(2): 301-309.

Murrell, M.C. and E.M. Lores. 2004. Phytoplankton and zoo-
plankton seasonal dynamics in a subtropical estuary: im-
portance of cyanobacteria. Journal of Plankton Research
26: 371-382.

.mg

=

rlok

.ggé.mw

[== R |

foh

Park, HK., M.S. Byeon, E.K. Kim, H.J. Lee, M.J. Chun and D.I.
Jung. 2004. Water quality and phytoplankton distribution
pattern in upper inflow rivers of lake paldang. Jounrnal of
Korean Society on Water Quality 20(6): 615-624.

Park, SW., H.W. Lee, Y.S. Lee and S.S. Park. 2013. A hydrody-
namic modeling study to analyze the water plume and mix-
ing pattern of the Euiam. Korean Journal of Ecology and
Enviroment 46(4): 488-498.

Perkins, B. and J.R. Jones. 1994. Temporal variability in a Mid-
western stream during spring. Verhandlungen des Interna-
tionalen Verein Limnologie 25: 1471-1476.

Reynold, C.S. 1987. Cyanobactrial Water-blooms. Advances
Botanical Research 13: 67-143.

Seo, J.K., J.J. Yu, J.J. Lee, S.Y. Yang and L.K. Chung. 2003. Phy-
toplankton community dynamics and evaluation of trophic
state in the lake Unmoon. Algae 18(2): 135-148.

Seo, M.Y., B.H. Kim and K.S. Bae. 2007. Fluctuation of environ-
mental factors and dynamics of phytoplankton communi-
ties in lower part of the Han river. Korean Journal of Lim-
nological Society 40(3): 395-402.

Sheffer, M., S. Rinaldi, A. Grangnani, L.R. Mur and E.H. Nes.
1997. On the dominance of filamentous cyanobacteria in
Shallow. Turbid lakes. Ecology 78: 272-282.

Smith, V.H. 1983. Low nitrogen to phosphorus ratios favor domi-
nance by blue-green algae in lake phytoplankton. Science
221: 669-671.

Smith, V.H., E. Willen and B. karlsson. 1987. Predicting the
summer peak biomass of four species of blue-green algae
(cyanophyta/cyanobacteria) in Swedish lakes. Water Re-
sources Bulleltin 23: 397-402.

Soranno, P.A. 1997. Factors affecting the timing of surface scums
and epilimnetic blooms of blue-green algae in a eutrophic
lake. Canadian Journal of Fisheries and Aquatic Sciences
54: 1965-1975.

Tirimbee, A.M. and E.E. Prepas. 1987. Evaluation of total pho-
sphorus as a predictor of the relative biomass of blue-green
algae with emphasis on Alberta lake. Canadian Journal of
Fisheries and Aquatic Sciences 44: 1337-1342.

Ward, J.V. and J.A. Stanford. 1983. Serial discontinuity concept
of lotic ecosystems. In: Fontaine, T.D. and S.M. Bartell
(eds) Dynamics of lotic systems. Ann Arbor Science, Ann
Arbor, pp. 29-42.

Watson, S.B., E. McCauley and J.A. Downing. 1997. Patterns in
phytoplankton taxonomic composition across temperate
lakes of differing nutrient status. Limnology and Oceano-
graphy 42: 487-495.

Yunes, J.S., N.T. Cunha, L.A.O. Proenga, L.P. Barros and J.M.
Monserrat. 2003. Cyanobacterial neurotoxins from South-
ern Brazilian freshwaters. Comments Toxicol 9: 103-115.





