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Abstract

This study investigated the occurrences and succession patterns of harmful cyanobacteria, as well as environmental factors,
during a 3-year period (September 2012 to August 2015) in the upper region of the Nakdong River around Sangju weir. A total
of 27 cyanobacterial taxa were observed in this study, and classified into 26 species and 1 variety belonging to 11 genera, 5
families, and 3 orders. Cell density ranged from 24 to 42,001 cells/ml, with a geometric mean of 33 cells/ml, during the survey
period. The dominant orders differed depending on the survey year; order Oscillatoriales in 2013, Chroococcales in 2014 and
Nostocales in 2015. An Aphanizomenon bloom occurred in June 2015 at which time the highest cell density of 36,873 cells/ml
was detected in the upper region of the Nakdong River, where as the Aphanizomenon spp. cell density (190-1,704 cells/ml)
had been low prior to that time. An Aphanizomenon bloom also occurred at around the same time downstream in the Young
River, a major inflow branch of the Nakdong River. The Aphanizomenon cell density along the Nakdong River increased
markedly after joining of the YoungRiver, indicating that the Aphanizomenon bloom in the YoungRiver caused a bloom in the
Nakdong River. Meteorological and environmental parameters, such as very low precipitation, higher water temperature, pH,
and TP concentration, and lower TN/TP ratio, in May and June of 2015 than in 2013 and 2014 exerted marked effects on the

Aphanizomenon bloom in June 2015 in the Young River.
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1. Introduction

Aphanizomenon %(Genus Aphanizomenon Morren.ex Bornet
et Flahault 1888; type species: Aph. flos-aquae)S FZ7
(Cyanophyceae) 34| &-(Nostocales) 52T Nostocaceae)
of &3l FERFY dFom TS5 9 At F=2 FF
SthPijo et al., 2005). ©] &2 AHHLZ Tt AE
AgS gGEste ZRBES wole Aoz 48R dow,
dEdez B AFxAAAM JE&& =9 F A&
FH E K Akinete)} AP 5HE 7HA o] B A E(Hetero-
cysHhE A3 H(Komarek and Komérkova, 2006). Aphani-
zomenon &< olEF BEAHE 3 FIYsE ET-4

gAoA FAoFAete ZZ2A4H(Harmful cyanobacterial
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bloom)S %51 H (Baryosef et al., 2010; McDonald and
Lehman, 2013), & Y54 E F-3F T74E 4L
2 3 23dNEg Fo] FvtstaL UthPark et al, 2015;
Yu et al., 2014). Aphanizomenon %< =4t FINEZL S
Al G2FE gelA o™ (Juttner and Watson 2007;
Zhang et al., 2015), 53] HEHQ FZIY & GXF

= e masTm
Ql Microcystis 4°] &

21512 &= Al7lel Aphanizomenon
&oll o5 tigrdo] BaEI glo] s S Y AR
FE ol &ste B, TALEE SHAX Aphanizomenon &
o] e Fa FAY o] FthMa et al., 2015; Yamamoto
2009). 2EY FUolA  Aphanizomenon %< FHF QA
W2 BASGolv FXEE SOl e dFe FEF A
ol

G54 F Aol 525km, F9AA 23859 km’2A =
Welx 7hd Aa, f9HFo] d FEY 24.1%E A
£ B Zolth. G487 EFdE 20129744 1PdE 95
Z A7 Ao F gAY By AAEHIJeH, o F
AFEE 454 BERd A" e B F 7 ARl
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Zo fAe B F3F £9 Fol| vlady o] Fssta,
F3gol Bt Aoz A UTHNRERC, 2014). 35
ZA AEZEEIEY F24 9 TR, 238G o
g AT= FE FIFE FTHLE )FAAGFOH(Park
et al, 2015; Son, 2013; Yu et al., 2014), FFFGIA <
AEEZZIAE 53] 523 A HEFE FHeE &
A= "W PESE A olth(Hur et al., 2013).
gxFY EATG Hel, gad

g olale FxFo g Zx3EE #ste
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2. Material and Methods

21. AL R H ZAL A7)

2 ATE 357 4R FA 9 37 47 59
S AR dutxAlg JASERAME RS AAlSHA T
AurzAlE AFE A7 500m ARGSHE Ao 2012
d 9gRE 2015 847 wiF 18] XALE AAISIRS

W, JSZAYE Aphanizomenon 49 W FZ2 o] HAGH

20159 6€ 197H 154 454 27 2 F9 AA
Hdoz ZALE AASATh JFRAMY ZARHL o
Z BERo fspiddd wEl NI, N2, N3, N4 5 478 A
< A3 93, 97 FANE 97 EFY Y1, Y2, Y3
370 ARG F4 XAHJA o1k 2R Yi-1 XHES

3R HFig. 1)
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ANCR AFsY 28 2RFTES FH}AH FFEHES
Sedwick-Rafter chamberE Alg3le &d MEFE mlT
MEFE AFSFATHMOE, 2011). AES33E9 538
o]l ZR(EFA BEF 1, 1) (NIBR, 2012a; 2012b)<}
Komérek and Anagnostidis(1999, 2005)2 Fastgith o]3t
g3 3489 F T2, F/HAEE(EC), pH, EENLETE
Do) AZFFRAZA7(YSIS56MPS)E o] &sla] A dol A
ZAsAeH, A5t AlEe AFHE st 3L
FAAIFAEHMOE, 2011)°] w SS, TN, TP, Chl-as #
Ak ZAAREY 7143 #8524 dd A5 V)
FAKMA, 2015) 9 =52 FAHKwater, 2015)1A4] A
Fote ARE 474 Fastd @&sHeH, F 3 4
BEkes AEst FHE&Ah 47 FAY FAEEQ2013
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Fig. 1. Map showing the sampling stations in the upper region of Nakdong River.
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3. Results and Discussion o A1&E W, 201293 2014398 S E@8Q)d A&
e 542 Byth @9 20154e F5E REoR Qs
31 HEE R THIM 3EZE HER 2ilint Mo| 2k 8L7HA A A9 A7l 537.5mm (2013 685.3 mm,
AR XS AF AFY xAF 71 AEHF FAT 20149 8225 mm)ol EFsIR o, FFEe A4 HY

Z2 1,033 mmE A A5EE 60% o)go] d287)(6~99) FU o] 799 m¥/secE ZF A Es }ME}(Flg. 2(a)).
o AFH UeuE B¢ 499 548 7HAL AL A1 %01 ST ARNAN 27 EFEE E¥xc B9
H, o] <l FFHY FYF L HRF =3 5427 AL FERF7L $HGIL, o) JEE FHOE HXFY
of AL FA7Io A HIHES Hols oz 718277 £, %043——011 Gx2{7t +Hs= AFH
yetsth 28y I35 29 A7l Wk o3 ¥aes 20 FA HolHde BHoy, dxF 44 g Ao
A=z ol Ryed, Adl FUdFel 1,000 m/secE X Pl AEER ZPO] HAHFig. 2(b)). °12 Fwrt
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Fig. 2. Temporal variations in (a) the amount of daily precipitation, inflow and outflow, (b) relative abundances of algal

groups and chl-a, (c) cell densities of cyanobacterial orders and TN/TP weight ratios, and (d) cell densities of
Aphanizomenon spp. and water temperature from September 2012 to August 2015 at SJ station
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ol Fslon, 201493 20159 29F(69)FH 202 Yeh(Lee et al, 2002), & A Holde& B
FE2FY 3ol A&HoR AFHE EHE BT @ 2 ATFAFHGE AolE BT

A, FARAHCAA 2AME AZATF ZFE ™ 200049 2 AFolA &0 EIE EFT T F2FE T 35
27 BERTE EXs A% TERF(Encyonema silesiaca, 57 114 265 1HEFCE EFHYLH(Table 1), & XA}
Nitzschia fonticola, Aulacoseira granulata, Asterionella for- 717t B 24 MALEE 24~42,001 cells/ml (7158 A 22
mosa, Navicula cryptotenella)oll <3t Ao A&EHUH cellsml)d] HAZ AT EF/FE NAZLE+E Chroo-

Table 1. List of cyanobacterial species found at sampling stations from Sep. 2012 to Aug. 2015

Class Cyanophyceae
Order Chroococales
Family Merismopediaceae Elenkin, 1933

Genus Aphanocapse Nageli, 1849
Aphanocapsa delicatissima
Aphanocapsa sp.

Genus Merismopedia Meyen, 1839
Merismopedia punctata
Merismopedia tenuissima
Merismopedia sp.

Family Chroococcaceae Rabenhorst, 1863

Genus Chroococcus Nageli, 1849
Chroococcus sp.

Genus Microcystis Elenkin, 1933
Microcystis aeruginosa
Microcystis ichthyoblabe
Microcystis wesenbergii
Microcystis viridis
Microcystis sp.

Order Osciallatoriales
Family Pseudanabaenaceae Anagnostidis & Komdrek, 1988
Genus Geitlerinema (Anagnostidis & Komarek) Anagnostidis, 1989

Geitlerinema amphibium
Geitlerinema sp.

Genus Limnothrix Meffert, 1988
Limnothrix redekei

Genus Pseudanabaena Lauterborn, 1915
Pseudanabaena catenata
Pseudanabaena sp.

Family Phormidiaceac Anagnostidis & Komarek, 1988
Genus Phormidium Kiitzing ex Gomont, 1892
Phormidium valderianum var. tenuis

Phormidium sp.

Genus Oscillatoria Vaucher ex Gomont, 1892
Oscillatoria limnetica
Oscillatoria limosa
Oscillatoria sp.

Order Nostocales
Family Nostocaceae Eichler, 1886
Genus Anabaena Bory de Saint-Vincent ex Bornet & Flahault, 1886

Anabaena crassa
Anabaena flos-aquae
Anabaena planktonica
Anabaena sp.
Genus Aphanizomenon A. Morren ex Bornet & Flahault, 1886
Aphanizomenon flos-aquae

Aphanizomenon sp.
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coccales 0] 64~35,741 cells/ml (71818 9 cells/ml), Oscil-
latoriales E-©] 52~23,464 cells/ml (7158 7 cells/ml), Nos-
tocales &©] 24~36,873 cells/ml (7]13FEd 3 cellsyml)Z 27}
gRI= o], Microcystis 43 Merismopedia 42 X33+
T3 9 Chroococcales &9 SHEUEV} & Aoz e
Sk FE2F SHERTE SECE2 AEEE XolE B
G, 20139 = Oscillatoriales (82, 23,464 cells/ml),
201439= Chroococcales (79, 9,470 cells/ml), 20153
o= Nostocales E(6€, 36,873 cellsml)°] Ho IS
Bl EFToRE 474 A= AHFig. 2(c). FHER
A3 F 29 HIE A EW, Chroococcales
-7 "WEo] i Fo] 25°CE =Hst= Al
= F#o2 gy, Oscillatoriales &9 2%
AT olFd F2 Uguye 54& 24tk 59 100 mm
139 A547F ALHAD 20139 7€5k=3 2014
8L 549 B, HASAS 1255 AMY Z2FE 2o
AR Oscilatoria 3 Phormidium £°] IA|ZH R 3
S THNIBR 2012a; 2012b). JE54%A19 SS =71 11.4
mg/L (20139895%), 17.5 mg/L (2014989212 < 3t
S B9 29 ARsHET fYARdA 5359 wol
AAE o2 FPHM, mtA IS4 o159 dAFHA
Oscillatoriales 59 82 HHF ndo] W& AXY =
7Y FAF Y 349 Tl UNs Aoz FPH
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5o} grow(Park et al, 2015; Yu et al, 2014), 5%
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G54 357 F9NA Aphanizomenon 49 FA
&

2

o] #ld 2015d 6€¥ 14%H 1593 870 AHS W
2 Aphanizomenon %9 AEEFES EANT A%, 9%
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1,188 cellsmlZ StF=Z 248 J&Fo] Jvtste AEFS
Hylow, g729 Fa AAA olAA(YI-DAA s AP
2t &<t Aphanizomenon %9 £30] IR ESkTHFig. 3).
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A@A7A Edo] 19 v, G422 fFY== ol
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zomenon %2 AFE 715HE4 NAFE N1olA 50 cells/ml,
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Fig. 3. Temporal variations in Aphanizomenon spp. cell densities over 15 days (a) at four stations in the Young River and
(b) four stations in the Nakdong River. Values in parentheses refer to geometric mean cell densities during the

survey period at each station.
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F YoM A FolH o|H A Aphanizomenon 9] W S48 Welstke Aoz FHA AckPark et al, 2005).
4 g 97 2N 4" HAEC 48 BF & &7 FHANA Aphanizomenon %9 FAZ EY o]
2 FYH0 BF £99 AEF Wl 9FL v AS ¥ ME AEFY gt JFE 49 AP 2 9T
2 2390 g 35F ARFIAY GE2F FHE FE 45U BRF 32 Qs AFRY AFAL
PN E BRz gdE ohde Bl SAsHojck & iR me 240 JANT G 247 AA we
Aoz wadr S}z WEos gudd
Aphanizomenon &-& LAIHR] F7F o]F wWEA At
£, AP B¢ Hul AdEFS H N4 AFHA 3.3. AZUIM Aphanizomenon 52| LM QI 2M

2015 69 1% 37,200 cells/mlel Al 15 ©]3% 20 cells/ml B 32 E&, 94EZ AF S0 20159 699
2 ZA59tHFig. 4). ° Al7] B¢ F2(23.2~25.6°C)°] Aphanizomenon 49 QAL FQ AFQ I7F DR A
U Z9-(3.5mm) 5 Aphanizomenon 49 4 2 = A" MAEY Yol de=2 AT FAelA
Z70] FAHALANE EF5la, FE% d=Fe] Hale 20153 Aphanizomenon 49 33 F2o] 7AW ¥l
Aol AT dE AFsAA dREF SVt UE g S BN 95td, 69 198 7IFLE 45720159 5
goz FZHY. Aphanizomenon 4°] tF LA 2015 4 3FAEH 20159 6€ 2FA7HRA) FH L8] W E F
9 69 19& 7IFoR FRd A e HRFo| AdE(2013d, 2014d)¢ v - HESA T

26.5 m¥/secol Al 49.5 m¥secE ZA F7H AL YEhgte 7Y ZAI B £ pHe 201599 25.5C<
o, of7]o] TS we FFHEY FAF EFF 43.7 m'/sec pH 8.022 Z+zZ+ Yk, 2013\d(24.5°C, pH 7.5)3 2014
A 602 m¥secE F7F8tAAL(Fig. 5), I AF FFHI) {(23.8°C, pH 7.8)° Hlsl| =d ALz FAHIJYTE 3t
SRR AFALC] 74904 5692 FaAGT KU D719 ME 2 Z7ks pHS W AZe] AAH
Fo] F7te AFALY TAEE FEStd HEEFIEY = Aphanizomenon 49 akinete TolgE Fol: RALE

Fig. 5.
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Table 2. Precipitation and physicochemical parameters at Y3
station during the Aphanizomenon bloom event
(third week of May to second week of June 2015).
The precipitation and physicochemical parameter
values are total amounts and averages for 4 weeks,

respectively

Years Young River (Y3)
Factors 2013 2014 2015
Precipitation (mm) 158.0 74.6 39
pH 7.5 7.8 8.0
Water temperature (°C) 24.5 23.8 25.5
Chl-a (mg/m’) 52 193 16.8
TN (mg/L) 2.174 2.045 1.572
TP (mg/L) 0.026 0.040 0.052
TN/TP ratio 87.7 51.8 349

&2 thYamamoto and Nakahara, 2009). WA 974
oA ol F2F pHY WSIE akineteo] &3t wolol
FEst 2AS AZIES Aoz FHHU Aphanizomenon
9] Z24d] J&FE F= TN/TP ratio(weight) S A HEH,
B A 349 (17.9~69.4)2 A5 7HE oA A7)l s
stRem, BY 21719 20139(87.7)F 2014d(51.8)F H]
g A% 23 o EFsAnh AAZ 59 7%t
NS HF &= 20133 2.174 mg/LolA 20153
1.572 mg/LE &3] 7 abe ) TP 559 A 20159
o 0.052mg/LE 23]8 Z713 Aoz 1=tk TN/TP
1 S83% FFaglelw, 2 TN/TP

ratio(weight)= N, 18 5°] A& Aphanizomenon %3 2
< EFTAA fEd FHxAeE FEotth(Lehman et
FAEY HEe F9-FEFH &
WA Hed, FFARAAAN -5
N 9&e e 94 FA7t
BrEF 20159 ZAIZE 5% 3.9
mz 20133(158 mm)¥ 2014'd(74.6 mm)o] ®lete] %

Bl oft of 4

ratiox BXF S99
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Mo oot m 2
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m il
A2 Aoz Yeon, o &3 97 FAdA IFH
]l 8- &8 o] 2YHASS HPFLE FE£TF
T AR

2gzor 201599 FZelAe AL -T2
Z 3EH} akineted] WobgS Y ¢ = pH, F &
3t =23 TN/TP ratio 59 BZAZALZ Aphanizomenon
&9 £dH} HJ&ol 7Fedd Aoz FEHErt

4, Conclusion

TR AXG G5F FF FoA 20129 9€HH
20159 8€7kX] 3|7 2R FALYH F8E 8UAS
ZAVSHAL, Aphanizomenon 49 WAL Us] £33k
o2 22 2ES =535
1) £do] g9 YxH{ EFTS =

1AEe2 BRFHJeH, 28 MA
cells/ml (713F8 < 33 cells/ml)2]
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F28 /MAEREE Chroococcales B0] 64~35,741 cells/ml
(718t8 7 9cells/ml), Oscillatoriales =°] 52~23,464
cells/ml (7158 7 cells/ml), Nostocales &-©] 24~36,873
cells/ml (718F8 7 3 cellsm)Z 2424 Qg $4&
FoE AT 201339 Oscillatoriales 2, 20143
o] Chroococcales &, 201539 Nostocales &°] Ztj
JAELFS HQ BRZos 47 g

2) Nostocales ol & 372 20159 69 Moo=
RlFJen, 1 F RS Aphanizomenon HLE
AJAFA AT Aphanizomenon 59 AL 20139 8€9
18](1,704 cells/ml), 20143 6€, 9¢, 10¢¥, 11€4 =
63](190~860 cells/ml) & < WES MAFE glg
Qo 20159 692 194 AAFow IA Z7436,873
cells/mhste] Hdl AEFS HAL, o|F 6¥€ 29971A
w2 A ZHask v

3) 487 AR F9dAY GAIFoH olH AR Aphanizo-
menon %9 A @42 7 LFolA
50 EF 99 dAEH WSl 4TS
2 #gEy, oz A2 FEA +-
<, pH, TN/TP ratio 5| Aphanizomenon <9
&7 HFES Folv dFeglez ALy HE

FHh

X
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