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Phytoplankton Community Change of Lake Paldang by Increasing CO, and Temperature during Spring
Cold Water Season. Lee, Ka-Ram, Eun-Ju Sung, Hye-Jin Park, Chae-Hong Park, Myung-Hwan Park
and Soon-Jin Hwang* (Department of Environmental Science, Konkuk University, Seoul 143-701, Korea)

Abstract This study investigated the influence of temperature and CO, increase on phytoplankton growth
and community structure during cold water season (spring) in Lake Paldang, Korea. Four experimental treat-
ments of temperature and CO, manipulation were prepared in the laboratory batch culture: (1) Control;
ambient low temperature (6+2°C) and low CO, (air level, 400mg L %), (2) T1; low temperature and high CO,
(800mg LY, (3) T2; high temperature (20+ 2°C) and low CO,, (4) T3; high temperature and high CO,. Algal
growth experiment was carried out for 10 days under the light intensity of 70umol m2s*(L : D=24:0). The
level of pH decreased in both T1 and T3, due to dissolution of added CO,. The dominant phytoplankton species
of ambient water, Cyclotella meneghiniana succeeded to Fragilaria capucina var. gracilis in high-temperature
treatment groups (T2 and T3). Cyanobacteria were very rare at the beginning of the experiment, while Oscilla-
toria limnetica appeared in only high-temperature groups (T2 and T3) at 6~ 7" day. CO, addition in ambient
temperature (T1) induced the highest phytoplankton growth, and thereby producing the highest average cell
density of 3.27+0.3310% cellsmL *, followed by T2(2.65+0.26 10" cellsmL %), T3(2.09+0.16 10 cells mL %),
and Control (1.86+0.13 10* cells mL ™) (F=7.167, p=0.000). In summary, temperature increase changed the
phytoplankton community structure and CO, increase promoted the phytoplankton growth during the cold
spring season in Lake Paldang, suggesting a potential effect of climate change on freshwater phytoplankton.
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oA o] & A7k 23t 71 s} A gl
o= A2 BASL7] o3 o IPCC (Intergovernmental
panel for climate change: A ¥-71 7] 33 3194 3])= A
TFxdgtel] o FAH7] WA AFEH 2E7F 1~4
°C 718 7lo|H, o}-& d7] & CO, ¥x=% 750 ppm
742 Z7FE Aelgtar ®aEksieh (IPCC, 2007). =3k
IPCC ®.aA] w2, 2yt 1004 7F (1906 ~ 2005) A
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C 37kt a, Aol FAd=
s 9EHq J& 5ol A&Edw 210087
o] 6.4°C 371E 7oz A

o eluebe] Am A 10067 Ao B 7]
Z7}o] 2u)7} Y= 15°Cr} A3 7oz 3helEglnt
(Meteorological Research Institute, 2004).

715 gte] 7 2 Al AFedste A o
22, 33 Ak 5A4L WA, ole utet §4
I FAARA el SR AElA = oJ3E nH A
2| B4} bl Wske A 2 Aoz «4d
o 53] sAE Al Lmishe Bolehe wde) &
Ay Sy uet st sl seA T 99 o3
o] YehiH I dgavs 44 I/ "o dE
pezobe o) gelsePd E46 sbg whax wl
a7 whahe LAAkel 7o) et Aele
34713 vobr} Aejetd oz FaAs) Holo JaFE
o A]m, olol) wie} Wolabeg Fal A4l eJofeiAlol
Y= AJF7IAE ¢3S & 4 ¢l=}(Noairi et al., 2005;
Hutchinset al., 2007).

olu].z%___g_ Ho:]o]: ,9‘1:}] o:lo]]/q —cg;glq‘ g\__?’_
AL ol FEFY H2F, 5ol YR
F 7kl 2R F2Rh 94 s P
o} (Hutchinson, 1957; Reynolds, 1984). o}-&2 o]&
ool M 279} @ FEEFES Holx SAHA
el Ad et TYEH aclzke] Huatge] 2
2 ALAE 7] W] o Zo] 75 Aoz ol
3 ¢)¢} (Reynolds, 1980; Sommer et al., 1986). 121}
NFAs] uhe s Aroz Q3 B8R 157
o) 25 Wt Polurke AeA~ 3 A5eyloA
9] of3ke] o] & 7oz dAbEt (Weyhenmeyer, 2001).
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(ESER R B ke b I R R o
chepst AeIA Aagse] ke CO, F7bl 9% =
AAg 27} (Wolf-Gladrow et al., 1999; Hutchmsetal
2007), 42 F7tel v 27 4% W3h(Lomasand
Gilbert, 1999), 5-2-271o] W s} 25 9 o7
59 AEZA W3t (McKeeet al., 2003) 18] 42 W
o] e 27 2R TxAY AAEe W (Noiri
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al., 2005) 5= 128t QA7 AHEo|r) FH Tl
e A= 7|Fdsle M2 ALH 2dske)
T 9 Adelo gt o

A= 19904 o] % ALH 233t wet
Zpel| A B 2570 A o] welx| 1, o] whE o
4 27 94 HS g s (Weyhenmeyer,
2001). o]k Al7]oll 7|7 EF Ao wad, 5
1Y ALH 233 AT Sk A EER=a
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et al., 1999).
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2. NZo 53 U By

ujjeJel o] pHE pH Meter (D-55, Horiba, Japan) S o]
shel 24k, % Y%A a(Chl-a)sh 3o (2
Q)& A Atelst whxe oo $45}eieh Chi-a
= X232 Whatman GF/FE o] 3#}3}e] 2417 Z9F 4°C
QFALE] o A 90% Acetone 10mL=E FZ3F & 1,650 rpm
oAl 2087 YA He]sla(VS-5000N, Vision Scienti-
fic, Korea) —,‘.ﬂ_—agrag}_‘,:_ﬁ] (Optizen 2010 UZ, MECASYS
Inc., Korea) & o]43sle] F34 v % Standard

Methods (APHA, 2005)¢]] 217 =% AAFsFI
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T3 E3HA1Z] o Sedgwick-Rafter chamberg- ©]
£-3lo] F31an] 7] (Axiostar plus, ZEISS, Germany) 400
W shel M A7 shelck AEEYIES o 2R
2 FH3le] M dTE (Komarek, 1991; Krammer
and Lange-Bertalot, 1991; Chung, 1993; Sandgren et al.,
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Table 1. Environmental characteristics of sampling site in Lake

Paldang.
Parameter Envi ronmeqtal
characteristics
Temperature (°C) 6.0
pH 8.6
Electric conductivity (uS cm ™) 177
Dissolved oxygen(mg L ™) 15.4
Turbidity (NTU) 4.6
Total phytoplankton cell density (cellsmL ™) 3,720
Cyclotella meneghiniana density (cells mL ™) 2,360

L (dH)=In(XIXN(T,=Ty)

27] N =Y = (cellsmL™
X2 T, A7 A3} & Az = (cellsmL ™)
(To—Ty: wieFA R 72 A7k (day)

3. A=Y

et |

AR 2 EAFEL] Afelol Hd BAH {24
+ A3 Sstd dLdEAHEA (one-way ANOVA)
< AABem, AP FZE 2beli= Tukey's HSD tests:
AHgte] ARERA E T, fo] £FES P<0.05% 7]

Zo02 319} (SPSSInc., v. 18.0.0).
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Table 2. Relative density of phytoplankton class and growth characteristics in each treatment, and statistic analysis among treatments;
Alphabets(a, b) indicate significant difference between treatments by Turkey’s THD test (n=3).

Parameter Control Tl T2 T3 F value Pvaue
Bacillariaceae 87.66 88.59 87.09 84.47 0.714 0.549
. . Chlorophyceae 10.20 8.88 9.04 11.68 1114 0.355
0,
Relative density (%) Cyanophycese 0 0 231 212 2732 0.056
Others 2.15 2.53 1.56 1.72 0.305 0.821
Growth peak timing 8 day 7 day 8 day 6 day 4.250 0.085
Growth rate(d ™) 0.425 0.523 0.508 0.450 0.265 0.850
pH 7.60% 7.53° 7712 7.50° 6.220 0.002
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Fig. 1. Change of total cell density among different treatments

during experimental period (C=Control, T1=high CO,,
T2=high temperature, T3=high CO, and temperature).

0523d 'z 7}1A E9ton, 1 dhgoz T2¢ A 0.508
d?, T3¢]A 0.450d7%, tjzZoA 0425d71e] &A=
veRsteh (Table 2). w3t 7t A g 2ol A Ado] deof
= AlA-e] 2 2 Al Jeldd i 2l 8UA)
7V w2 Al ZEEE Hylon, TloAE 744, T2¢
A 8dAl ZE|a T3eME 644 7HE w2 Azl
=% H9d(Fig. 1, Table 2). 7%= CO, A&l
oA AlA-e] 1~2Y wA gt Zleoz et
(Fig. 1, Table 2).

RE AgTA COo g3l 2 <3 pH7E vrolbzlo
o, 53] 1% %2 COZ FU3 Tlz T3eA o e
pHZ e} 9l e} (F=6.220, P=0.002) (Table 2).
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dY5e] BEFIE F2 $HFS FHEDR
(Centric diatoms) Cyclotella meneghinianaz. el o
o, AAA EZ43E U] 63%S x| 8sicH(Table
1). wiFe] APEHA 12 AP (T2, TN A%
F (Pennate diatoms) Fragilaria capucina var. gracilis2.
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Fig. 2. Change of major phytoplankton among different treatments
during the experimental period.

$A%Ee] Hol7} velydeh A Aj2bE of 4~59 A A
o|7} A &=E™A] F. capucina var. gracilis¢} C. menegh-
iniana 27+ A W=7 Ax) Wslele] Age] 2aY
= A& A= F. capucina var. gracilise] Abd] d=7}
70%7}A] AF%8ksdet (Figs. 2, 3). =31 Aldl o] 28] Hoj
upel Aol ME =84 deldd dxf Oscilla-
toria limnetica7} &2 Z71A)7] T2¢} T3e|A Z+2}
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treatments.

1.7x10%cells mL ™%, 1.8x 10% cells mL"7}#] Vyelygeh
(Fig. 2).
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2009). o]2]3F Ho|HAH £ AL B JFoA &

2 Z7HA7] T2, T34 dA4Y $-424] C. menegh—
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o A= 27 sk fARE AeFE el =
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™ (Hare et al., 2007; Feng et al., 2009), 2}H =2 F7}
SRS JeEYaE 2He) ezt Ages $3

Fol F2F2 AoH W, F2F 2H =T 324 Fol
A AAs}e] (Lassen et al., 2010) =0 w2 2 E-Z
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27 W3 QPN A Fait 4 3

LAz, FEAF $HSRE JdE 2geHGud
mundsdottir et al., 2011). o] &} 7o) A EZHIE FF
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Te273 3= CO, APZ (T 44e 22
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)7 e = (371%5) CO,(6+2°C, 400ppm), (2) T1;
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271 A&7 257 LA COE 718 Aol &
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