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Abstract

Effects of environmental factors on phytoplankton succession and community structure were stud-

ied in Lake Chuncheon located in Bukhan River, South Korea. The data were sampled at three sites such as CC1
(lower side), CC2 (middle side), and CC3 (upper side of Lake Chuncheon) from 2014 to 2017. The annual
average precipitation in Lake Chuncheon was 992 mm during the study period (2014~2017), and the annual
precipitation was lower than 800 mm in 2014 and 2015. The annual average water temperature, total phosphorus
(TP), and total nitrogen (TN) ranged from 17.0 to 21.1°C, 0.012 to 0.019 mg L', and 1.272 to 1.922 mg L_l,
respectively. The TN concentration was relatively high in 2015 compared with the other study years, as a drought
continued from 2014 to 2015. When comparing the correlation between precipitation and environmental factors,
water temperature (p <0.01) and TP (p <0.05) showed positive correlations with rainfall. The average numbers of
phytoplankton cells by branch were 2,094, 2,182, and 3,108 cells mL™" in CC1,CC2, and CC3, respectively. CC3
is considered advantageous for phytoplankton growth, even in small pollution sources due to low water depth. As
a result of analyzing the relationship between precipitation and phytoplankton, the correlation between the two
was shown to be high for 2016 (» <0.01) and 2017 (p <0.05), which is when precipitation was high. However,
the correlation was not clear to 2014 and 2015. The relationship between water temperature and phytoplankton
indicated a negative correlation with diatoms (p <0.01), yet positive correlations with green algae (p <0.01)
and cyanobacteria (p <0.01). Diatoms increased in spring and autumn, which are characterized by low water
temperature, and green algae and cyanobacteria increased in summer, when the water temperature is high. Our
findings provide a scientific basis for characteristics of phytoplankton and water quality and management at the

Lake Chuncheon.
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A& s}l sty a2, YYEF, AR, A 2
AFAE 59 FFS WwE=rh(Reynolds, 1993). 3¢ 2 A
FAEE AEEFIE P E2F 92 FodeR
A Gt AEA S50 WIkE =AY 1 S Ad
Al7)= &35 YebdTh(Reynolds, 1993; Sommer, 1995).

vt A AEAA Mt Ao, 2e7|$
o] ER o g ofE9| oF 50~60%2] 727t HZFErH(An and
Jones, 2000). WEtA 79 HFAI 7)ol Al FAITHo] Fol50
AEEFIE DAY 4ol w3 4 o B3 A0t
A AdoAe AFRATY F7t2 G777 s5HA
NEEYaEe e 2o + Ut B4 24T 5
A tH(Byun et al., 2014).

FA W FLFEF FeE FFUdE Aol e
o] golafjxl AEEFTILEC] WEAH 52
Ak % IZAA ATl FEEL -’F—’él" et
o ¥ PIXA Aot B £53 24 FAES WA
7\]74 T JMMH Ho|gi} & Ax8|2Lo A ?ﬂli—‘?— FFS 7
At} (Paerl, 1998; Li et al., 2007). ==2] 3L 59 60%
o] 2000t 2¥7HA] 27-9] WAy ofsf| FAA §
S Higtom 1 £ Tai = 2007490 EERF WAoo R
3l A% BEel AL WIAE S Pan ef al., 2006:
Qin et al., 2010). T T = 201193 2012d] &
7 Aol F2F7F didAdste] =8 A4 o8
EHE F2H (You et al., 2013; Lee et al., 2016; Youn et
al., 2017), 957 FAANANE 279 STV =9 DA
o] F7tsta = A oItk (Park er al., 2015). E3F &l

Z2F WEAS B oRAE FHYAA AR EAIZE
= GE3A7lE 5 BAIE oA Hiol AEEREE
o] JaFS vX = B80S goehs AL i S8
3}tk (Lim et al., 2000).

Wl A8E FANRI ARSES TP, AL
59 BUSS Bu A4 AN 5 B AN S
AALAR A 4 - S5E BoR BANA oA
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¥ske QoIchKim, 2012). B3 9 FHe HAAY &
uhei SollH o @o] s} Regoyst 2 Aol
g & olnh 2HEL SHLAL 93 F2E AFES

=
el wid

=z Aol SAIE H8l s SR} A 2
HE AA 9 gsta glom HA AdT FAHZ <l
999 #9 2 Be] WA S ol 220] AsE
= AAo|th(HRERC, 2016). 2012 AHF 9] G5 ot
AL A7 A AT fYo] o] FHol g3k m
A AR HNE O™ Byun ef al., 2014), 43S E3} 3}
Foll YIAe T A HFET A APA FE =
= ot EH5 gt dFs @771 423 (Jeon et

al., 2012)3 7F2E AEZHIEL AF(Kim et al., 2012)
%‘% & E A )7L AlgkA o, g

3E S0l gt BAE B3| E45t
7] Qs L7]7Jo] ofbd Fu 7t AA UHFHA 2AKE
Az o] st

EH A3 447H2014~2017) 2439 4A3HA
Foll W AEEFIE 2 9 AT Al - 33
S FAHoR BAst £A159] F7|F<

SFE vofshe Aol

701-

g

A4 W

_IZi )
4>

FEE FHA AES gAbEof YIx]gh 2HHL 19654
o ﬂi"—ﬂ‘”"ﬂi,‘ﬂﬁ o] 17km’, & A$o| F 1.59E0]
ot ARollE B23, kol Qdsrt $A3) low,
Xd@ﬂ FdEE Fa 3HdL 23 BReet shdd, A&
A 5o] Aok 2HsE= # %P‘ﬂ% SHOE FYAE EX
gt A PR AFEE DA77 AT 5 e
g A4 Bl 2AE Y] FHILFAEZTY &) 2

Aoz & A QIth(HRERC, 2016). 3142, $-4x|7} vHs
X1, HEA; 9 FAJE T HAHo] ZHHAHA LAY
o 2=&%] 3 gl& Aotk (Chuncheon city, 2007).

FA4359 A3 AEEHIAES A Y3 2014
| 3URH 20179 128704 Wi 13] 2ARE 35T
201492 34, 5~84, 109 ARSI A7 = 24
717kl A Al Qs RAREL 243 W o AH(CCL:
37°97'19.5"N, 127°67'48 8"E), 25 x5+ 992 A7
(CC2: 37°98'19.7"N, 127°66'18 3"E), Aol Y=t 4127
2] (CC3: 38°02'66.0"N, 127°64'82.6"E)S JArC. 2 315
t}(Fig. 1).
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e 7143 (hitp://www.kma.go kr) o A Al5dk= ¥
ARE o]l on, =& pH, &EX44 (Dissolved Oxygen:
DO)E TH}FE 28247 (YSI-6600D, YSI Inc., Yellow
Springs, OH, USA)E AM&-5to] @Rl SAst¢ch =2 &
AL 9§t A|BE= A4=7] (8L Van dorn, Wildco., FL, USA)E
o]gste] FZF 05m ZHol9 EFFE AT & SFEAS
8 ¥A B4°C) 3t @S2 a(Chlorophyll a: Chl. a),
3}shA AbA Q@ FEF(Chemical Oxygen Demand: COD), &
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Fig. 1. Map showing the sampling sites in Lake Chuncheon, South Korea.
Z 4 (Total Nitrogen: TN), &4 Z%Z 4 (Dissolved Total 2 32 95 7, 8% AFHRLH AA A4 53%
Nitrogen: DTN), 3?1 (Total Phosphorus: TP) ¥ £&&4 391 £ ZA5FR T} 2014@3 20159 AHH A5 FE 800 mm
(Dissolved Total Phosphorus: DTP) 52 +AEZAAE7|& olsl2 A 1087H(2008~2017¢) B 74 (1,353 mm)
(ME, 2014)°l| &5} 2453t of Bl AA3| Hol Z4 FAFo] YAIH LY, 20161

2) MEstn 20l

AEEFIEY #4 9 $AHFTE 2487 A8 A
3t A& YATFS Lugol’'s X o2 G & Sedgwick-
Rafter counting chamber°]] 1 mL ¥ 334 |7 (ECLIPSE

Ni, Nikon, Japan)& ©|-83}% 100~4008]2 ARG &
A A EEFIE £77Y 548 ¥ EF= Chung (1993),
Krammer and Langebertalot (1986, 1988, 1991a, 1991b),
John et al.(2002) 2 Hirose et al.(1997)& 13ttt

NgEgaEe FUTEE Nl Ad 2UY 2
2o} F=FS Z2AZE thFA A<= (Shannon and Wiener,
1949), A= X|4>(Mcnaughton, 1967), #-5= A|<(Pielou,
1966) ¥ FHE Z|4=(Margalef, 1958)& At&39 1 4=
Zg 3 E 3174 9 Ql3to] AFkA (Pearson’s correlation
analysis)= FAZZ213 SPSS 18.0 IBM Corp., Armonk,
NY, USA)S AHg-sto] Bt

1 I- _I 1 F
I- olgl.—l = ._il O-I-LI_I

201495 E 20179714 2H 50 BF 7Z4ZL 992 mm

T} 201799 2+ 1,334 mm3T} 1201 mmE 24 10W7F

(2008~20179) Bt et FABFAT (Fig. 2). 497}
A9 201497 201592 AFF A|FAIZre] k2 73
7} 58921 ¥l 2016@7 20179 Z2F 4193} 3042
Zr4= @Ato] Q| 2014 @3} 2015W KTk At A o 2 Zgkeh
(Fig. 2).

233 A NA9 dFHF DOE 9.4 (+£1.2)~10.5(+
2.1)mgL™'e] W2 vehgon, A9 £33 pHE 2
Z+ 182 (£74)~21.1 (£72)°C&} 7.9 (£0.5)~8.9(£0.5)2
Holz Ard 2 xJo|7} ¢tk (Table 1). CODE &9
LEEE SA5] A% WO E BODET Hol o]§¥
o, 50 {7180 ol A5 &2 g AYA 9ot
(Kim et al., 2000). 24 3|4 CODQ dFF E==27(+
07)~42(£15mgL'e HYS Bgow 20153 7%
ESITH COD 5T 7390l o3t fE5712 34Eol ¥
oA = AL BY 4= 9O (Kim et al., 2014), 2015 ]|
£ A2 g g AFAIZe] AojRe et f7]1=9 3
A a7t AgtE o] o2 o] vl AiHom & F&7t
e Aoz grtEc

TP dEHF H%L 0.012(+0.003)~0.019 (£0.009) mg
Lo M2 A7]E Ho|E Holz| gkgrom, TN 9%
&+ FEHIIE 1.163(£0.216)~1.922(+1.091) mgL™"o]H,
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Fig. 2. Monthly variation of precipitation, hydraulic retention time (HRT) in Lake Chuncheon from 2012 to 2017 (except the frozen period).

Table 1. Annual changes of environmental factors in Lake Chuncheon (% standard deviation).

Year  Site W.T (°C) pH DO(mgL™)  COD(mgL™) TP(mgL™") TN (mgL™") Chl. a (mgm™)
CCl  203(£80) 8.1(£0.5) 9.6(£2.1) 2.8(£0.5) 0.014(£0.008) 1371 (+0.474) 39(£2.6)
2014 CC2  200(+8.1) 79(%05) 99(£2.1) 3.1(£1.2) 0016(£0.011)  1272(+0.194) 29(£13)
CC3  202(£7.8) 8.1(£05) 103(x1.7) 2.8(£0.5) 0012(£0.003)  1.163(£0.216) 33(£1.8)
CCl  182(%74) 82(x07) 10.1(x1.7) 42(%1.5) 0017(£0019)  1.773(%£0.188) 5.7(+£423)
2015 CC2  183(x73) 82(x06) 9.9(+2.0) 3.6(£1.5) 0014 (£0007)  1.767(£0.226) 5.1(£3.7)
CC3  188(%£7.6) 85(x06) 10.5(%2.1) 3.7(£0.9) 0.011(£0.005)  1.794(£0.336) 8.5(%4.8)
CCl  205(+£70) 85(+03) 96(£1.2) 29(£0.6) 0.015(£0.008)  1.555(+0.467) 43(£3.1)
2016 CC2  208(+67) 87(+04) 94(£12) 27(£0.7) 0.015(+0.007)  1.696(£0.622) 40(%+223)
CC3  21.1(%72) 89(+05) 98(%£12) 29(+0.5) 0.019(£0.009)  1.922(+1.091) 72(£44)
CCl  187(%58) 82(+03) 10.1(*1.5) 35(+0.8) 0.014(£0.005)  1431(%0.520) 6.7(£58)
2017 CC2  187(x63) 8.1(x02) 10.1(x13) 39(x1.1) 0014 (£0006) 1476 (£0.405) 59(+42)
CC3  188(%6.5) 8.0(£03) 102(x1.3) 3.6(£0.7) 0014 (£0.004) 1499 (+0.453) 72(£3.0)
CC30l B 1638mgL 2 T2 Aol vla] ke A U A 2gEHo| 35 2 §YH] 9 BEo| JFE & A

ERgTh(Table 1). 20159 ¢) FF TN $%E7} 1.778 mgL™' 2

£ W s Az oz ggron,

ol HLo BFoe=w

Wt 9]

° 2 FETh(An, 2000; Youn et al., 2017). Chl. a= 74
A (r= - 0.358 p<0.01)E EA=T|, o]

T

3l ol Fast JFAFY sFaTE HAS A
2 JEth Chl. oY 98 F 555 29(+1.3)~85(+4.8)
mgm 9 W2 ZAE G on, CC30] i 69mgm L
2 o2 AR vla] tha #9kth(Table 1). A7 &
AEEFIE AETO| S718F 20159 0] ThE 3fjof| H]3] H]
2 52 e
A5 Zeant 7 213t AUB/AE B
I}, 23 e Fot AEAE Y= (¢=0.359,
p<0.01) (Table 2), o= F~2°] & 5ol Z=gol ot
< ¥ AP FFL gl AoE ARdEHY. Y¥AF
% TP(r=0215, p<0.05)2} DTP (r=0.373, p<001)= 7
I Y ABAS BYom, 99 o] wet &5

Bl
51 JZi

_‘d
b3

=

737y F7¥ete| wet F A dAet L g SR Ql
gk FEI L7t HAF RN 7Y A AA|} Chl. a
7} A% 202 ALRH T (Bae et al., 2007).

-

2. AlEEaES| 3 HS U Ho|

2059 APY ABSYAE AESE 283} o5
3 7183} ALl AFSIA erdTh Fig. 3).
CC1T} CC29| A EEHAE NESE 42 H 2,094 cells
mL '3} 2,182 cells mL ™' 2 SA}SIG O, CC3= B 3,108
cellsmL™' 2 = x| Zo|| u]3j A2 oz Weth(Fig. 4a). &

3] CC3& 20159 APF AES7} 4,800 cellsmL™" o442

W2 A&l
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Fig. 3. Monthly variation of phytoplankton communities in Lake Chuncheon from 2014 to 2017 (except the frozen period).

Table 2. Pearson’s correlation matrix between precipitation and environmental factors in Lake Chuncheon.

Parameters W.T o DO COD TP DTP TN DTN Chl. a
; °C) P (mgL™  (mgL™)  (mgL™")  (mgL")  (mgL™")  (mgL™) (mgm™)
Precipitation 0.359%* 0.120 —-0.164 0.033 0.215%* 0.373%* -0.076 —-0.037 —(0.358%*

#p<0.05, #p<0.01,n=102

2 2¥stgon, 8Y drFo wTo] A 14000cells W} 20150 H|&| AR oz = S’i‘:}(Flg 4b). £3] ¢
mL™' oo 2 ThE x| B3 3uf o)A} Wkch(Fig. 3). o] HJA 2015 AFoll Anabaena 2 Microcystis 52

CC32 FAIEH7E el UL 4o] 2~4m=E Rof B2 FERF[O Rhodomonas 52 7|8t 277t £2 2d8&Z &
%‘%k‘%%%’ o= ¢A G wof AEEZHAE A o|H JEZTHIE AES UM FFE v]H ALE AR
o] 883t Aoz FFETH(Lee e al., 2000). o}k Kim et al. (1995)2 Y227} Z4)51=1] 2=49] o+

X359 Axd AEZHIE AlZee gl A AL 7MY 2 2o Bustqln. ol yqd F4-2 Ut
o 2014\ 201590 22 Hd 2412cellsmL™'9F 2852 AW 201599 AFA|Z] 278t A7 QHREE
cellsmL ™01, o] Wokd 2016\ T 201709 ME & Bt ofujal o Zof 20] A5dtel Y27 AF2A0
S ZbzF HF 1,699 cells mL '@} 2,156 cells mL™' & 2014 zH oz AdFoZ NEL7F 2718 AL HukA )

r_‘am
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Fig. 4. Spatial distribution (a), annual (b) and seasonal variations (c) of the mean phytoplankton abundance in Lake Chuncheon.

Z}(Figs. 3, 4b). B8t A TA|7to] 27161 HE Jgds
o] = 7t X AEETIEEY FUEF 771t 2
o] & AEF] ﬁ7}o}~ oz A glom (Park er al.,
2004), & AFAFEYL AL E 20158 AFAIZHE
—7}:% It & %«l T 9 7H7IY] STt AET

SEY AYE B2 Uv
B3} o8l Egkon] /1t A

&=
o2 g2 AlxsE By, O;S‘Eo‘ 70% °]“°i =
UTH(Fig. 4c). AP F ST 279 &l 24
FL Asterionella formosa®} Synedra acusZ A=t
(Table 3). Asterionella formosa~ 3} $JX|3t HFF o
Al Fol 8 $HFeE %aﬂ“‘ om ZHZAAE Foll
Z 68.8%2 =2 AL BT} Asterionella formosa
&} Synedra acust= SYIFAN A &8sl T2 F
o] AEFo] O™ (Krivtsov et al., 2000; Reynolds et al.,

2002) o 7o) Hle} AdH ez W2 2004 Aol
kst Ao 2 4# A 9lth(Vaconelos, 1991). §2HE &
o] =2 ojE9 H 1033 cellsmL™'2 LA5}9.2H (Fig.
4c), 8 EHFL Anabaena sp.&} Microcystis sp. 5°1
o Z2Fe =854 oF Alold F7tste AFE Hol
H, F8 SHFL Scenedesmus quadricauda, Kirchneriella
obesa®Z UEILTH(Table 3). 7|8t 2R+ 53 o5 &
S AzpE Belon, BE A A 22~39% Ato] &) 4
Eo] e 8FL 78 AR XH2 Rhodomonas
sp.&} Dinobryon divergens7} &334t (Table 3). £3],
<A1l HH S5 (Youn et al., 2017)<}
FHZA A A7 A EdsteH, AL AL R
T A&l ks Ao g dEA 7] "ol e 4

Rhodomonas= 317}

Table 3. Dominant species of phytoplankton taxa in Lake Chun-

cheon.
Taxa Species Percentage (%)

. ) Synedra acus 13.6
Diatoms Asterionella formosa 13.1
Greenalzae Scenedesmus quadricauda 0.8
& Kirchneriella obesa 0.7
. Anabaena sp. 94
Cyanobacteria Microcystis sp. 43
Rhodomonas sp. 154

thers
Others Dinobryon divergens 4.4

Blo] WSS 2@k 2o
al., 2002).

2 A=t (Hammer et

2 Q3 SAHUSE st *EEHXITE ol-&H= 7/4\2
a2 A lt}(Karydis and Tsirtsis, 1996; Stirling and Wilsey,
2001). U359 AEEFIE 3 Ak 2RI
S-of w2} Wslstn] g Aees 1.04~251, = X]¢
L 035~087, #5& A4E 039~087 X THE Q4L
0.84~2.989] H 9|2 thoFatA| LreFStThH(Table 4).
AEZFIE 24 A4 F $AHE 4L 201697} 2017
| ool B F ALl 2 AFE 2o 20149
¥ 201590= € Hepr) A%lem 0.50 o3 Fhel u
ERgth 2R T 24k 2014W 3} 20158 0= glRE 7]71o
200 ol e, 201692} 20170 7% o] A&} 71
ol 2.00 o149] & 7M1= Al717F Uebgeh o g Aee
7397t AL 201433 2015990 1.04~1.952] HHZ 2.00
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Table 4. Temporal variation of phytoplankton community index in Lake Chuncheon.

Index Diversity Dominance

Evenness Richness

Year 2014 2015 2016 2017 2014 2015 2016

2017

2014 2015 2016 2017 2014 2015 2016 2017

.15 179 132
1.15  2.00
104 145
169 1.62
185 235
191 251
154 188
153 239
191 157
193 143

1.45
1.53
1.81
1.04
1.85
1.72
243
2.19
1.79

082 063 0.3
0.82 054
085 0.73
063 0.70
059 044
055 038
069 057
0.67 039
053  0.66
054 072

Mar.
Apr.
May
Jun.
Jul.
Aug.
Sep.
Oct.
Nowv.
Dec.

1.57
1.81
1.58
1.62

0.66
0.59
0.70
0.65

1.95 0.61

0.76
0.73
0.60
0.87
0.58
0.59
035
049
0.61

1.23
1.51
1.67
0.84
1.60
132
236
2.05
1.51

053 069 051
039 0.69
042  0.61
071 0.68
077 0.8
071  0.79
068 0.73
076  0.87
076  0.66

079  0.68

0.61
0.60
0.70
0.56
0.72
0.69
0.86
0.80
0.72

104 166 149
202 209
135 136
1.41 1.62
136 244
155 298
109 1.66
102 231
169 136
166 1.15

0.66
0.67
0.64
0.73

1.32
2.09
1.48
1.07

0.70 1.97

Table 5. Pearson’s correlation matrix between precipitation and dominant species in lake Chuncheon.

Parameter Date Total

Diatoms

Greenalgae Cyanobacteria Others

2014
2015
2016
2017

0.105
—0.049

0.544%*

0.475%

Precipitation

-0.371
0.105

—0.032

—0.405%

0.251
0.108
0.688%**
0.381%*

0.695%*
—-0.032

0.636%*

0.402*

0.215
—0.164
—0.046

0.665*

#p<0.05, #p<0.01,n=30

ol3lgl o, 1.90 o]l Al7]& 20149 109, 20154 8,
1Y 9 1292 Yyttt 7297 dd o] vig) Jrjzez
word 201693} 2017 A0 ThFA 27} 0.87~2.399)]
HAE vebgon, b A7t 200 o9 & 7=
A7 2016 74,89 L 1083} 20179 9€3} 10€o| it
20167} 20170l 392 A7 AFAITY HEZE Fo
rFsA EdsHR o 201483} 20159 2L 7499 A
FAIZE] S7Fst & AT FHET WobA A4 ghol
200 o|3t2 Yt Ao 2 S th(Margalef, 1964).

4+
ol
4l
_IZ

2015d9l=
Zdol YehdA] ¢hskth(Table 5). 74971 A& 2
Wk 2016 (r=0.544, p<0.0D)3 20179 (r=0475,
<0019 AA| NEZHIE Axse Aed o 4
AE Uetdon £3], 201790 BE BERFA

FI 22 4TS Bt 20179 FRFE d47)
B 7HEol Wol @, 9Tt HAS A5 7
st Ade 2o Aaedd 39 ATEAE vYeEileH
—-0.405, p<0.05), 52FE A Fo] AT
Aok 42 7= 201497 20159
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Fig. 5. Relationship between water temperature (°C) and phytoplankton abundance in Lake Chuncheon.
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