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Abstract  The construction of eight large weirs in the Nakdong River, Korea, caused a decrease in the water
flow velocity and several physical changes to the water environment. Here, changes in phyto- and zooplankton
communities and water quality in the areas near the eight weirs were investigated from 2011 to 2013, and
relationships between phytoplankton abundances and environmental factors were analyzed. Special emphasis
was given to the succession patterns in algal abundance based on temperature fluctuations. At the eight weirs,
24 dominant species were found. The most abundant phytoplankton species was Stephanodiscus sp. (39.4% of
dominant frequency). Cyanobacteria of the genus Microcystis dominated during the summer, with an dominant
frequency of 8.5% and cell abundance ratio of 36.6%. Significant correlations were observed between temper-
ature and abundance of eight of the main dominant species; seven species showed positive correlations with
temperature. Stephanodiscus sp., however, showed a negative correlation with temperature (r=—0.26, p<0.01).
In addition, this species showed a significant negative correlation with the dominant algal species-Aulacoseira
granulata and Aphanizomenon flos-aquae, with the zooplankton Copepoda and with Cladocera. On the con-
trary, seven other dominant species of algae showed significant positive correlations with zooplankton. Thus,
we showed that the seasonal succession of plankton communities in the Nakdong River was related to the
water temperature changes.
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Fig. 1. Sampling sites in the Nakdong River, Korea.

ARz 7 A RE Zfﬂﬂi %) o)A (http://
www.wamis. go.kr)At 25 &-8-5}9]c}.

A48 2 22 pH A7|AE%E, DO, Bx 52 A
g A4 A] YSI 556 MPS (YSI) A& o] &3} &4 o]l
A 2Rsgon, st e YAEe Fow F
o}o] 4241 0.5m A& || 4] Ruttner water sampler (Hydro-
bios, Germany, 1000 mL)ZS- ©]-§-3}o] 4L A3} }. )
+3 Aae Y B23ste] APAZRA] skt A
EZg3E 2AS 93 A& Lugol’s solution©. & &
AollA 1At AgA R A 4817 o)AF RA7FAIA
& A=l S A AT Sul oA} ¥E3le] ALL-slAITh

FEEYTE $AE 91 ARE SLE Adst 35

o,



To o

64 um ZHIE sieveS o]g3le] 100 mLE 5E3}9)
©1] 5% sucrose-formalin solution (Haney and Hall,
1972)2 FA] 243 F A=z kst SS&
Whatman GF/C glass fiber filterS AFg-3lgom 105~
110°C2 Az3}9th BODs= 20°CeollA 59 E¢t dilu-
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Fig. 2. Variations in the average water quality at each survey site in the Nakdong River, from 2011 to 2013 (n=72).
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Table 1. Monthly changes in abundance ratio of dominant species in the Nakdong River from 2011 to 2013.
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2011 2012 2013
Month
Dominant Species % Dominant Species % Dominant Species %

Jan. 1 Stephanodiscus sp. 75.3 Stephanodiscus sp. 70.8 Stephanodiscus sp. 65.4
Jan. 2 Stephanodiscus sp. 71.6 Stephanodiscus sp. 76.1 Stephanodiscus sp. 65.4
Feb. 1 Stephanodiscus sp. 63.3 Stephanodiscus sp. 81.7 Stephanodiscus sp. 54.2
Feb. 2 Stephanodiscus sp. 66.0 Stephanodiscus sp. 88.6 Stephanodiscus sp. 69.4
Mar. 1 Stephanodiscus sp. 72.5 Stephanodiscus sp. 924 Stephanodiscus sp. 89.0
Mar. 2 Stephanodiscus sp. 91.7 Stephanodiscus sp. 89.2 Stephanodiscus sp. 66.8
Apr. 1 Stephanodiscus sp. 76.7 Stephanodiscus sp. 67.3 Stephanodiscus sp. 41.4
Apr. 2 Stephanodiscus sp. 64.4 Stephanodiscus sp. 47.5 Stephanodiscus sp. 28.6
May 1 Stephanodiscus sp. 69.3 Cyclotella sp. 24.6 Stephanodiscus sp. 19.6
May 2 Stephanodiscus sp. 332 Rhodomonas sp. 15.8 Fragilaria crotonensis 39.3
Jun. 1 Fragilaria crotonensis 24.0 Rhodomonas sp. 17.6 Microcystis sp. 18.1
Jun. 2 Cyclotella sp. 27.9 Merismopedia sp. 35.7 Aulacoseira granulata 8.9
Jul. 1 Stephanodiscus sp. 582 Rhodomonas sp. 14.2 Aulacoseira granulata 8.9
Jul. 2 Merismopedia sp. 30.0 Merismopedia spp. 9.6 Microcystis sp. 45.7
Aug. 1 Cyclotella sp. 14.9 Aulacoseira granulata 15.3 Microcystis sp. 43.5
Aug. 2 Cyclotella sp. 16.9 Rhodomonas sp. 11.6 Microcystis sp. 47.8
Sep. 1 Cyclotella sp. 374 Cyclotella sp. 9.9 Microcystis sp. 40.9
Sep. 2 Merismopedia sp. 46.4 Rhodomonas sp. 43.0 Pseudanabaena sp. 52.0
Oct. 1 Cyclotella sp. 28.6 Cyclotella spp. 33.5 Microcystis sp. 15.7
Oct. 2 Cyclotella sp. 40.6 Aulacoseira granulata 459 Stephanodiscus sp. 17.6
Nov. 1 Cyclotella sp. 39.8 Cyclotella sp. 17.3 Microcystis sp. 16.6
Nov. 2 Stephanodiscus sp. 41.0 Aphanizomenon flos-aquae 38.3 Aphanizomenon flos-aquae 27.3
Dec. 1 Stephanodiscus sp. 58.2 Stephanodiscus sp. 34.0 Stephanodiscus sp. 47.5
Dec. 2 Stephanodiscus sp. 75.2 Stephanodiscus sp. 55.1 Stephanodiscus sp. 51.1

ARAE BAFort T3t wE Xfo]: Kruskal-
Wallis ANOVA 2177 25t A4 52)30] ¢lo1eh
Ao 2] A ENAER 23 29 A
A& wel A& Stephanodiscus sp. 17) & (x=-0.26, p
<0.0Dolgleom vz 774 F ARA L7 0.08~
028 5l 2A] ko) AFAIo] Fol5Pl hebieh (Table
4). India®] Mahanadi 7}l = 299} AEZYIE
}e] Ab#A] o - (Unni and Pawar, 2000)0l| A & $-H 2
Sol o 4R oge) AL wolFATT Sch
G2}l A Stepanodiscus sp.7F £2] ARAE Bl A
o R SHUYE wolr] WEoln] AL Aol 7
8t Cyclotella sp. Fragilaria sp. Aulacoseiria sp. 52

277 423t o] AL 1l AL olFo] P
7} QP ehe s 7ed = 7hsE A5 71A7) o
o]t} (Monica et al., 2007). 13} A ZF2] 429 u} =
A9RET ohfe A4 sl BhE Bedse) 4
FA = Z23}7 =4, Linda et al. (2001)2 Scotland
9] Loch LevenZ oA Aulacoseiria spp.2} +Z&7F<l
Trichocerca pusilla®] A3 AT A Aulacoseira spp.
O] FH=E T pusilla®] AEF DA JAZ 7R
G shglen, dzi olrksd $EFAY pEE

(<)
7} Qe PAGT AU $HFES 7l

ful

O-

et wheAel s bt Awel WA oo g
Al 27 39 WAL WAl AT 3
ol A7k ot Aol

SEA 22 Wl 2 $AFe) AAS Wk
Fig. 3¢l &% 229 box plote & el gt} Stephan-
odiscus sp.= 2~18°C2] WA NALU="} =4 Y}
ERET 2°C o] 3ol Al 2,000 cellsmL ™" o]5}e] AL 7
T2 Hgow 25~5.0°C Ale]o A= 20,000 cells mL ™
7HA] T2 AAE 3193 5~7°C Ale]oll A= Rhodomonas
sp.2} Aphanizomenon flos-aquae®] WAL =7} Eo}A]
WAl 5,000 cellsmL™' o]8t2 ThA] ZHasle EAS B
9ot Stephanodiscus sp.x= 8~12°C oAl H 4
EZ Ho o] A]7]e]] B-A 43} (spring blooming) §A}
o] vepytorn fgo] 12°C o]ife] HW MAL=:
7,000 cellsmL™" o]a}2 7143111 o|u) AAL=r} =
7Vel= & Cyclotella sp.$} Fragilaria crotonensis$3
G w8 o A1) SHEFIE F AR Al ¥
oA7) Atekgen] 27hRel AddEE dale 49
T EEFE SC AN Aol Asdoz wo
MAEE=ZS B} 18°C o|Ate] =™ Stephanodiscus
sp.9] Wzl PBE 1,500cellsmL™" o]}z 7FrAslel
olw] Rhodomonas sp., Cyclotella sp., Aulacoseira gran-
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Table 2. Monthly variation of dominant species in each weir in the Nakdong River from 2011 to 2013.
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Table 3. Frequency and biomass ratio of dominant species in the
Nakdong River from 2011 to 2013 (n=568).

T a

Table 4. Pearson’s correlation coefficients among dominant species,
water temperature, and accumulated radiation (n=563).

Dominant species Dominant Abu.ndance
frequency (%) ratio (%)

Stephanodiscus sp. 226(39.6) 58.6
Cyclotella sp. 87(15.3) 31.1
Microcystis sp. 48 (8.5) 36.6
Rhodomonas sp. 39(6.9) 30.6
Aulacoseira granulata 37(6.5) 32.3
Fragilaria crotonensis 274.7) 14

Merismopedia sp. 19(3.3) 34.5
Aphanizomenon flos-aquae 16(2.8) 37.6
Nabicula sp. 14(2.4) 254
Pseudanabaena sp. 13(2.3) 41.1
Anabaena sp. 5(0.9) 33.8
Cymbella sp. 5(0.9) 25.2
Nitzschia sp. 4(0.7) 25.8
Asterionella formosa 4(0.7) 37.6
Oscillatoria sp. 4(0.7) 18

Phormidium sp. 4(0.7) 23.6
Achnanthes sp. 2(0.4) 14.4
Chlamydomonas sp. 2(0.4) 43.4
Coelastrum sp. 2(0.4) 31.7
Oedogonium sp. 2(0.4) 59.3
Pandorina morum 2(0.4) 29.6
Peridinium sp. 2(0.4) 22.3
Aphanocapsa delicatissima 2(0.4) 16.1
Cryptomonas sp. 1(0.2) 18.6
Scenedesmus quadricauda 1(0.2) 10.1

ulata 5] 4% 3L ‘}l";iﬁ}- b=, ”—.*57019] Stephan-
odiscus sp.= & Alo =z =4, Ha et al.
(2003)& F57F EFX é‘ﬂ] A St ephanodzscus sp. &

o 11Y3E 27k) Akl 190 2971 3
T Bom Ao, 2E S AL 71
o3 SEEYaES Favh ofF 2o 2ol
SAT 15°C ol Has] At A §33
7L S EEHIEY Sk 454 AL Sl 8
A}, Microcystis sp.x= Stephanodiscus sp.7} 2F3}= =
18°CHE] Z71&57} 2o} 2,000 cellsmL ™ o]5}2] 7)
AN =S g8} 25°C o] Ake] =w 10,000 cells mL ™!
5 233p7] AlRsEaL 28°C o) kel A RE fA A F7t
sko] EEAME Yep 2 JglE Microcystis sp&= 25
°C olAellA Aoz PSS 3te] AA3EaL(Robart
and Zohary, 1987; Reynolds, 2006), 30°C o] Aol A&= o
£ A ERT AAH ] $-43t Xia et al. (2011)
Microcystis sp.2] $=3}8AF2 25°C o)A o dojybx
F A Ag- 28~32°C°] o dojdely o 35°C
ol el M= FEld FHart Helx v o
Microcystis sp.x= 743 el H-gA o] 73t F3A
& o A 58 S AR 2 A
shimasa, 2009) FZ7 oA A 7]e] $A-s= Aoz

Correlation coefficient

Dominant species Water Accumulated
temperature solar radiation

Stephanodiscus sp. —0.26%* 0
Microcystis sp. 0.24%* 0.08
Rhodomonas sp. 0.22%* 0.09*
Cyclotella spp. 0.15%%* —0.08
Aulacoseira spp. 0.28** —0.08
Aphanizomenon flos-aquae, 0.08** —0.05
Fragilaria crotonensis 0.12%* 0.03
Merismopedia sp. 0.22%%* 0.08

*p value <0.05, **p value <0.01

=Y} Aphanizomenon flos-aquaes- 718 W A3

o

o 5~15°C Ml B AAE ol R 22 2 o

FAellE 25~30°C MM Hx=r} F7tste] 39t
L5228 Bk Aphanizomenon flos-aquaes <
255 Zo}3h} Micreystis sp.y} Anabaena sp. W=7}
FoAld #EF =T} st o sl ok A
A 73A 3L F o] HE Aoz ko] frk(Yoshimasa,
2009).

Rhodomonas sp.= 8~26°C =2 $]ol|A] /)AL =7}
wten) Aest meel B e 4o 9
At} Cyclotella sp.= 16~27°C2] 421 $]ol| A
WEZ B 27°C oA E N4 Lx=r}h 1,000
cellsmL™" o)3}2 ro}lA o}k Fragilaria crotonensis= 0
°C Y elo] ALz &3L sgl oy 20~25°C &2

Hoo A =& AAS o]FEgom 27°C o|Are] %o

1—‘5 500cellsmL™" o]a}9] & Ax g Bolw gIgieh

Cyclotella sp.2} Fragilaria crotonensis= 57 oA =

A 7 2 38k Folvh 12y Moniac et
al. (2007)2 Cyclotella sp.= 373 S=o]] AFHAJ o] ok
1 Fragilaria crotonensis= 2] - 8 271 0|1} nitrate
4 82T 4 =5 Z WS AEEE A S Hof
F W3sicty 6]-031:} Aulacoseira granulata’= 12~
20°Ce] #-2HSANA ES AL ol TR 5°C ol Al
HE e 53old AAREs 271517] Al end
30°C o]Ate] & 2o x &880 =9t} Merismo-
pedia sp.= 22~30°C oA Herl =4 Yehds

d, 20°C7HA & E8& 79 3R] gdsken 22°C "HEM]
A Z28a) Aol w2 L2714 48E s 39l
ot 28 A= Wl EFAT EE2E 2YH-

BAHYAF A BZaE Z Fo DALAAIEFY 8935
AFAE Bel 712 (r=0.09, p<0.05) Rhodomonas sp.
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Fig. 3. Phytoplankton abundance of dominant species at different water temperatures in the Nakdong River, from 2011 to 2013 (n=72).

1) Ze]gl. o (Table 4), V}#] 2

e ke,

4.3
=

Fel

5ol M AEF A3 7] 7A (competition), FH
(neutralism), 24 (commensalism)2] Ats A7} 24
Pt FEe AEFGmE] SAY 9 £ wi E
BAZ8 35 (Zooplankton) A5 7hel| ojwl gt A 7} 9]
£A AARES] ARRE ol fele] Fohusgtel (Table
5).
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Table 5. Pearson’s correlation coefficients between dominant species and zooplankton (n=576).

STD MCT RDN CTL ASR APZ FGL MMP RTF CPP CLC
STD? 1
MCT® -0.07 1
RDN°¢ —-0.05 0.12%% 1
CcTL! 0.02 0.03 -0.01 1
ASR® —0.12%% 0.30%*  0.09% 0.17%x* 1
APZ! —0.09% 0.18%%  (.12%=* 0.01 0.12:% 1
FGL# —-0.04 —-0.04 0 -0.01 0.09* 0 1
MMP" —-0.06 0.16%*  0.03 0.20% 0.15% 0.07 0.05 1
RTF —0.04 0.07 0.20%* 0.10% 0.22:% 0.03 0.11%* 0.11* 1
CPP! —0.11%x* 0.08 0.07 0.01 0.14%% 0.05 0.01 0.04 0.23%% 1
CLC* —0.09% 0.20%%  0.30%* 0 0.16%* 0.18%*  0.06 0.07 0.33%%  (.22%* 1

*p value < 0.05, **p value<0.01,

“Stephanodiscus sp., "Microcystis sp., ‘Rhodomonas sp., “Cyclotella spp., ‘Aulacoseira spp., "Aphanizomenon flos-aquae, *Fragilaria crotonensis, "Merismopedia

sp., iRotifera, jCopepoda, kCladocera

7ol AzEepaee

Z o] Stephanodiscus sp.
o] B4 94 t}-&o| Aulacoseira granulata, Fragilaria
crotonensis, Cyclotella sp. 5-°0] F2 33}l o} Ste-
phanodiscus sp.h8) &9 ARAel oI5 Lheht
Z-& Aulacoseira granulata®} Aphanizomenon flos-aquae
% 2 Zolgdeh(Table 5). T2} ol % ) £& 423
ol RS Bola qlow mebA] FETtellA o] &)
Stephanodiscus sp.2} A3 A& 734 (mutual inhibi-
tion competition)FA o] YA HEsx] gkor}
Aulacoseira granulata’= Stephanodiscus sp. 53} £ 8
Al71el| - dEFolet & 4= Qlvk Stephanodiscus
sp-2F &9 A E e FEAEHIES 4R
(r=—0.11, p<0.01)8} |75 (r=—0.09, p<0.05)%c}.
o] E AEFTE 23 o] Aol FoIshAl et
a1 gle] Stephanodiscus sp.£}2] 22 Ao 37 Q
Qlel] 9]k AR AHAR), Z|AIAL FAel] &3 AFs A
ZAAR/A A A HEHA] Yot 18y fFRE 5
=3ke] cke] Ao el 7o (r=0.30, p<0.01)
Stephanodiscus sp.9F= Ay#A o] f2lsA YehtA] o
2 7lo=r wWol 97 7o} X ZF7} Stephanodiscus sp.2]
o) ol A Alofsha 9le Aoz 3w,
Microcystis sp.i= & 453 52 Fe e
2 yehta glgd=d o] Microcystis sp.= 14-27)
o xR AP o] A7|E o o] A= A
7] Wl Aoz FA o] Fr} Table 204 B vle}
Zro] Microcystis sp.2] AE A Eo] v|wA YFon,
ol Microcystis sp.9) Z410] oF& AEES] A7) f
o] A& Aoz F4o] H} AL 843%2 e}
3 201349 899 AR AEZgFE] = 237
% $E 15F0= JFAHE deton, welr Micro-

i
=

cystis sp.2] HEFFAE G Fo| Al S 7]
Aoz BT}k Microcystis sp.7} A 29k ofke] Ak
Aol FeIHAl vehd e (1=0.20, p<0.01), #FF
7ol AR o] FoEA] At o) o]E AE
Fo| ga)xF2 2wzl (Qiu er al., 2002; Orr ef al., 2004)
Microcystis sp. 5 Aol 28] NAHLEZ A A|A|=
27} st Ao FAe] Em oo tjst A3t w7}
y&e] A7k desidy s 7 $3F As 2
o]] _040 /\Lﬂ-/l-]o] 0—{5—].7-]] }\4% /\] EP:ZIE_.-__‘
gk o) BAYA 2HE F T EAZYFEY S

o°l'
1o dle
(A

[s) o=
o] Aol §-28tA el -2 Stephanodiscus sp.
WLo|got A EZHFEL] Hold| glojA $AE A3
9] B G RaAAE obd walAl Aol glo]
olo]] T3t ¥} We 17} "3t AR e|v Christo-
pher et al. (2014)= BoJof s 4oA A BEZHPFES] &
A FEZFIE AEFHS I g Aol
dnel e A Al 3 38l 9 fa
QS 3ot Y on, Jing ef al. (2013)2 FEF9]
S} e FEEEaES A BT A S
5 sEEYaEs) 249 Y 9IE o 0
Linda et al. (2001)2 Trichocerca pusilla®] &2
Aulacoseira spp.2] #ZEgFo] oW oz} 13}

el Wl B AAsh AL ohletm sk

=) rﬂi

i

Chang et al. (2014)& EEZY T EL] AAHA Hol=
dreR £2 4 A3 Aoz 24 3

2L
_t}L
_8.
T°L
o
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.Pi
Mo

ol 47ks Holsh 24 5 ABFH A5
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q 2

B GFoxE G5t AFRAAMRE FHAIIR
77}1]4 87l 2ol dhal] 20113 2013 74x]¢] &

AAbAlE, A = ASEFIE THRE, 7]
e}T Q2 dake olgete] AEEYTE 959 A
NENT 423t JUY, THF 45 D9 3% S

sl s 8 BS9S] 8 $HE bl gle]
£ 257 %o s A WAl A
Stephanodiscus sp.= AR =7} 39.4% =2 A 7134 =9k
ov] WEF $HES 58.6%4I5 FFHe] A
Microcystis sp.2] 74l s= 8.5%U 1 A& &

£ 36.6%9t). 87 ZAFRA Q] 223}o)= HF 1.83°C
24 A Aol BARoz folsx wgke 24

A4 $HE F sed g9 4UYL Hd AL
Stephanodiscus sp. 17] Z(r=-0.26, p<0.01)°]gl o™
oA T e ope] ABmAel folshA hehch(e
0.08 ~0.28). Stephanodiscus sp.= 2~18°C2] 421 9]
A T AALES BT 2°C o] dtell A= 2,000 cells
ml ™! o]5le] AL AAU=EES R} Stephanodiscus
sp.8] BAH 453184 thLo)| A3l = 22 Aulacoseira
granulata, Fragilaria crotonensis, Cyclotella sp. 5-°]$}
©om, Microcystis sp.x= Stephanodiscus sp.2] NA W=
7h T 18O AN Al S b
om, 2290 25°C o]Ate] =™ 10,000 cells mL ™ '=
eio] A2tk 28C S|l RE B £71e1e
G5hR o) btk EgeIA] FAT 4 el
ALsty Qe 2 Cyclotella sp., Aulacoseira granu-
lata, Fragilaria crotonensis 5-°|¢lt}. A A = &
st AIA L ¥l AL Aulacoseira granulata 171 3
et
Stephanodiscus sp.= EANA $3E Fol| Aulaco-
seira granulata X Aphanizomenon flos-aquae Z3}2] At
JAS7} A7 0129 00924 (p<0.05) &2 4
HAlo] &8t Yeludtt. Stephanodiscus sp.= SE
HEFAE] 2745 (r=—-0.11, p<0.01), A2 (r=
—0.09, p<0.05) 53 o] Aol s el
o} wkebA] Stephanodiscus sp.= FE7 oA SEAIZE
Fo 4490 57 e Aow 24 o
=24 FHd $AHEQ Microcystis sp.= 29 AHAS

TR e $AFS glgls

£

- !

AP AL

2 d7e dEsARdEY e 37
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