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Characteristics of Phytoplankton Succession Based on the Functional Group in the Enclosed
Culture System. Lee, Kyung-Lak™ (0000-0001-7276-0445), Seongyu Noh (0000-0001-6396-4497), Jaeyoon Lee
(0000-0002-2249-5855), Sungae Yoon (0000-0001-5888-8047), Jaehak Lee? (0000-0001-5016-6496), Yuna Shin (0000-
0002-2867-3464), Su-Woong Lee (0000-0001-6827-0769), Doughee Rhew' (0000-0003-2785-5693) and Jaekwan
Lee? (0000-0002-1399-8688) (Watershed Ecology Research Team, National Institute of Environmental Research,
Incheon 22689, Republic of Korea; 'Water Quality Assessment Research Division, National Institute of
Environmental Research, Incheon 22689, Republic of Korea; *Water Environment Research Department, National
Institute of Environmental Research, Incheon 22689, Republic of Korea; *Department of Biology, Kyungpook
National University, Daegu 41566, Republic of Korea)

Abstract  The present study was conducted from August to December 2016 in a cylindrical water tank with
a diameter of 1 m, a height of 4 m and a capacity of 3,000 L. The field water and sediment from the Nakdong
River were also sampled for the experimental culture (field water + sediment) and control culture (field water),
respectively. In this study, we aimed to investigate phytoplankton succession pattern using the phytoplankton
functional group in the enclosed culture system. A total of 50 species in 27 genera including Chlorophyceae
(30 species), Bacillariophyceae (11 species), Cyanophyceae (7 species), and Cryptophyceae (2 species) were
identified in the experimental and control culture systems. A total of 19 phytoplankton functional groups
(PFGs) were identified, and these groups include B, C, D, F, G, H1, J, K, Lo, M, MP, N, P, S1, Ts, Wy, X1,
X2 and Y. In particular, Wy, J and M groups exhibited the marked succession in the experimental culture
system with higher biovolumes compared to those of the control culture system, which may be related to the
internal cycling of nutrients by sediment in the experimental culture system. The principal component analyses
demonstrated that succession patterns in PFG were associated with the main environmental factors such as
nutrients (N, P), water temperature and light intensity in two culture systems. In conclusion, the present study
showed the potential applicability of the functional group for understanding the adaptation strategies and
ecological traits of the phytoplankton succession in the water bodies of Korea.
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= AREE F33 2}o]l& YEPHTH(Grover and Chrza-
nowski, 2006). A7k AEEFIE +H9 Hol= #
3 259 teddt HSkE oldste Fae ARE o
A Ytt(Sommer, 1985; Domingues et al., 2005). A54
o2 FAZFAAF) ZL chl-a =0 7|23 A EZFT
=9 A4 - AFA AL B4 FAY AT AHE
Br7Est7] Y8l gl AREE o] k) (Abonyi et al., 2012).
AT B $3F 2 ERTY AFHA 2AEe R
Foi7l oA AEEFIE A +HY AHA &
A& olaliste dloll= EAI7E itk

Reynolds (2002)+= ‘Towards a functional classification
of the freshwater phytoplankton’8] A =502 gy =&
N 71z NEBFIE Feshy BREES Aesy
S5 (AR, WA, U7 S)ol 7125t RS 31
709 71%2E (functional group, FG)& AA5H4AtH o=,
Padisik et al.(2009)°] &8} AE&EF 3= 7|5 1& (PFG)
< A A S wet o F7HEAY =] 40712
FE AHE A} Reynolds (2002)2} Padisék et al. (2009)
of o3 AAIE PFG= A2 FHehd ERdss &
AR AE A EAS A 7515 eE dedides
w5 A 2 Hste] i AZSETIEY AHE
2 S o B AEste ol -&5HA AHEE o
$¥t} (Abonyi et al., 2012; Devercelli and O’Farrell, 2013;
Martinet et al., 2014). Abonyi et al. (2012)2 3} A - & -
shrol Al PFGO| £x2of 7|25t F7HAQ o]gtshs 4
37 W3S A5t 2 ™, Tan et al. (2015)2 373 Z-8-9f

£ 715 28EY AF W3t 349 e
E4 2 949 wstet wRol A3S FHE vk Q. o
£ 7] & PFGE FolX1 A 214 &7 o] AEshs 2| &%
7HE Q0SS & Hol &

NEEYAES A - BHE Holk £4Y U, 2=, 9
Fd, B9 §5 5 Th BAAASY G Wt
(Reynolds, 2006). A137k4] Ffel 4 B4 2] we 4
BEYAE HoldTY YREL Fa BRI $8ES
ggo AYse] grk AR Fol £AY AH
wotol BAY ABEIHIE U AE TS AL 9
3 39 AN 43 S4L olsish] siAE 5 7]

52 EA (functional trait) A7} ¢ B R35}c}(Padisik er
al.,2009).

Y FeeAoa 8 wste] mE AEEEIE A
o] A& Y3l TAAF L2 PFGE F&3t A= qitt. 4
AL SHeE 3 I E 2

34
pal

=

A BT AEEFAEY o] FE Fstr] HsiA
= 2 @ol] B85 9= PFGY 22 A2 4

F7H o] dasith wEhA, & dtolAs 87 ¥3
of MZ AEEHIE A HIE AMEA WAt Al
P T ERTol tE B4 - A Al 71 %35k
A EEZY3E 7|55 (phytoplankton functional group,
PFG) &7 HA& 28 - &staal sk3ich (Reynodls er
al., 2002; Padisik et al., 2009). ©]& 9|3} AREL IAT
2o AY g wiFEA Y A S5 @FolA AEF

X Lo

o (o

o WAL ABEYIE Fo LRIE(FEE B2
T, 2P Y Hol F AE F5F A FAl9 o

£ $RPE0) 71251 4BEYAE Ho| BHS g2
H,

w3 Sheick S8, AW Bg g (xaE)E @
F MzE QPN WHE BET & Uk B4 FT,
$40) Wsk 59 895S AT 4 I AWS AW
ok 2 AFol4 AAEL PEG WHe] K go] ARl A%
EZYAE Ho| EHL P AT SE geE 7]
29 Yooty BR2EY Mol B4 AL ¥ Y A
$ 7FsAol St 3 237 Wk S42S ol st
L AREA HEEYAES BEHS Folt b o 7]
ofF Aoz BEH

£ A ASE BFTE Y PP AAY
34 L 259 o)F 54 52 melstel A%E A Im,
=0l 4m % 3000L §F9 €53 =29 7 HY=x, 7
U5 ARE, BHlZE, 485 ARZ SO2 PHHC g
(Fig. 1. & 482 93] 457 94 @385 445

HHE AR oF 500m A $+9He] 7HAALE] (marginal area)
oA A7t FEE AFS
HAES AHAFIE AF(EFAY AD) 2t 7Pt
(A 2m oJuhol A tiE 1S o]-&sto] AF AT A
et HAES MEH olF A APAHRE o]Fssth
g2 2 @AFT FYstA o, AP o=
AFAFet HEo HAE(F 258, 25em wo)E 4
sttt Ao AHEE H49] YUE (TN, TP) 5=+ TN
0] 2.176 mgL™", TP7} 0073 mgL™'& 1= o, B3
£9] A% TNo| 1,182.5mgkg™", TP7} 344.6 mgkg ' &
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Fig. 1. The enclosed culture system used in the present study.
Height: 4 m, Diameter: 1 m, Water volume: 3,000 L.

FA7F A Aol A E]EHi < (batch culture) AE O =
Ao g =AM (E2: 0~03m,

2 DO, pH, A7|AEE, BHEL YSL66002 0] &340
S48k TOC #£42 93 Al&Es 220°ColA 2443t
He f71Ec] &43] AAE 50 mL F28S AHESHY
A F3t] 0.45 um syringe filter2 o3} & TOC analyzer
(Tekmar, USA)2 &A3}9tt. 94995 (TN, TP) £4&
{3l AlZ= 50 mL Aol Ashglon, +EeH3H
AE7]# (MOE, 2014)° @t §FEF £47] (Quaatro,
Germany)Z £43}%t}.

Chl-a= 250 mL Z2ojgd o=z AHst =
WUZ 87 200mLE GFF filer o|3ts}gl o), obA &
Sl whah 2447 YgaoAM AR 5 T UV-Vis
Spectrophotometer (Agilent, USA)Z 243}t (MOE,
2014).

.Z_])\]
= =

2% Formaldehyde goloz AT TAJ ABE 24
N7t 55 F #¥sHA =% F 1 mLE FH3l Sedgwick-
Rafter Countlng ChamberE ©]83}o] Fs+du|7 (Zeiss,
Germany) 200~4008-& 3lo| A A$3lct AEEHT
E9 A B (biovolume) AHFE Yl T ANz =
71 F8rdu| 7 (Zeiss, Germany) 1,00081& 3lofA &3
SHAT.

4, Ml2E2t3 5 7|55 (Phytoplankton Functional
Group)

AEEHIE 7% 25 (PFG)E Reynolds et al. (2002)
3} Padisdk er al. (2009)°] AAE A= Farste] i
stgom, AEEFIAEY Hol F42 PFGHEH A Fo
H3lof| 7|x3te] EQletct A EESHIAE A Hu =
A2 Hillebrand et al. (1999)3} Olenina (2006)2] 3412
Zrzste] AAstglon, Thel R ul Az Az A
Ko 7|zt FAHOR FHE Ag @elRug A
A 3] (mm’ L™HE A8

5. EAEA

S48 8AF} PFG 7+ A &<¢& CANOCO 5.0
(Microcomputer Power, New York, USA)& ©]-8-3}¢] PCA
(principal component analysis)& A A| 8} T}

Zn o o

n
[

1. O|ztety EHQ0I A3t

ZAZ17H(8Y 199~124 31Y) ZoF BT wjgsz
AT, gz2)olA geld F8 FadE9] g2
Table 13} 2t 422 6.8~334°CY] Wolgom, A7

=33 WalE RPo; B2(0~03m)T £2(2m) 7t
2 Aol itk &£ A2 (DO), pH, A =& (conductiv-
ity), 2% (light intensity)= @73 j279 7+ +4E
2 2 2ol7} ¢t} BHE (turbidity)Q] A% AlE Lol A
AdA 2 o £A Uegsth 32 (TP #7]1E2 (TOC)
T AT E30A M &9kt OECD (1982) 7]
FOF TP FE (B AT #F50| FIY¥ A=A
o, U= F9% S YeERH I TN: TP gt A3
T ®ZOA 282 7P Al 2 FFolA 872 7}
Etoy, 25 ¢lo] A3k 9l (P-limitation, TP>22)2. 2
ol =9l th (Sgndergaard et al., 1999). Y52} EZ Eo] F
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Table 1. The values of environmental factors in the enclosed culture system. Experimental culture system: surface layer (E-Sur), middle
layer (E-Mid); Control culture system: surface layer (C-Sur), middle layer (C-Mid).

E-Sur E-Mid C-Sur C-Mid

Mean (Range) Mean (Range) Mean (Range) Mean (Range)
WT (°C) 243(8.4~33.4) 22.6(7.1~32.4) 24.0(8.0~33.2) 22.4(6.8~32.4)
DO (mg L™ 15.0(6.9~23.0) 11.7(6.0~16.9) 14.4(7.5~239) 12.0(7.2~18.0)
pH 9.5(7.6~10.1) 9.0(7.2~9.7) 94(8.2~10.2) 9.1(8.0~10.0)
Conductivity (uS em™) 234 (220~268) 232 (218~268) 235 (208~266) 231 (207~266)
Turbidity (NTU) 2.9(0.1~28.2) 2.5(0.1~33.6) 1.2(0.2~7.5) 0.6(0.1~1.9)
Light intensity (umol m2s™) 201.9(14.8~562.2) 28.6(1.6~68.5) 217.6(18.7~583.0) 34.6(2.5~106.2)
TOC (mg L™ 4.1(1.8~59) 3.7(23~438) 39(2.6~5.0) 3.8(3.0~4.7)
TN (mg L™ 1.003(0.132~2.208) 1.016(0.139~2.177) 1.276 (0.348~2.176) 1.494(0.330~6.147)
TP (mg L™ 0.037(0.012~0.098) 0.028 (0.012~0.106) 0.026 (0.005~0.084) 0.022 (0.005~0.070)
TN/TP 28.4(6.8~48.1) 37.6(7.7~66.5) 81.3(89~1754) 87.0(31.1~376.0)
NO,-N+NO3-N (mgL™") 0.576(0.018~1.673) 0.676 (0.034~1.679) 0.971(0.363~1.634) 1.146 (0.372~3.978)
PO4-P(mgL™") 0.023 (0.005~0.083) 0.021 (0.004~0.081) 0.016 (0.003~0.052) 0.016 (0.003~0.052)
NH;-N (mgL™") 0.009 (0.002~0.064) 0.015(0.002~0.091) 0.013 (0.002~0.035) 0.014 (0.002~0.036)
DIN (mg L™ 0.585(0.021~1.692) 0.691(0.036~1.711) 0.984(0.370~1.649) 1.160 (0.374~4.000)

AE AFFAA Q19 F=7F =4 Ueged, o= F8
FFAol FHE &2 02 WS (internal cycling)©ll
o3| 713t Ao2 HehETh(Spears et al., 2007).

10E, ‘a‘iw 7E, HERF 239 4
SFRIE| It} (Table 2). 2t 7+ W T= —E%Ei
22898 7|52 (PFG)S £ 197H(B C,D,F,G,Hl,],
K,Lo,M,MP,N, P, S1, Ts, Wy, X1, X2, V)2 B =l on,
Ao} 2R LE HIS A9t 18719 PEG7} &=
F £@sk3ich(Table 2).

Z AA RE97F 1mm’ L o442l PFGS] £@ 2 Aol
FdE IR 2o AT 2 7 %(0~0.3 m)
7 £Z3@2m)olA PFGY A Huj&= A2
FToET AdAHoR 2 g L}E}LH“J'% *etﬂ%«l
ZolA F A Fu)E 814mm’ L2 7P &4} (Fig.
A). AR} 2o A PEG A Fu] $st= tiA=
ok (TN, TP) 5= W3k} ] 523t 9FARS W 9T} (Figs. 2,
. 53], AgFolA PFGY & A Fu7F A vehd
A AFE HEe} o] B R E A £2d JYE 5
Aol Qltk(Spears et al., 2007).
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PFG 2@ ¢S =R
Wo,G, B, T, AT 55004
A I, M, Wo,G,N,SI,Ts & tj27 354 I, Wo, M, S
o A IFER 242t AU (Fig. 4. Hol £4

< AuRE AYT FZAA 27]0) IGMW, 1EE0]
_ZZ;(HQ 0;(4 ol:/ll-—- Eo]l:]q]- M :/__%o] _7'4_5—5].1_—_ oobq-_
Hgon YT FFIML YRE I 15S FHOE A
o7} A& =]t} (Fig. 4A,4B). |2 EZo| A= Z4ho
AT B33 FABHA IM/WoG 1559 $3 °1%F
Wo/Si/J 80| Holg FEst o (Fig. 40), 2T 5
FolME T8 —1 18 £02 Ho|7}t Hel= ik (Fig.
4D).

2 AT E7E PFGE AFATEoA Baud 2
gAS B 5A) F2 IFED SASHAT Reynolds,
2000). o1 TFE FAH H2FY F2FI JEH
o BRZoR BE 71eE W) 2 M IS AFT
of tf2o A BT A AA |l tet BlEolA FE 7]
=08202 3olE|Qt}). o]e Zro] v|=3k A HeA
& Hols FEE F4E 752EY &8 Y =AM
Fol7 A Y MART E4E gefshs o Wl 1835t
t}(Devercelli and O’Farrell, 2013). o]&= Ao} =3
oNA $4E 71508 Hol P B US FeH
o} (Fig. 4). AT h2Fol 4 AAH o] SHS 4
Haoz £ 4R 2us AT LML W, 1§50
Fmots S BT B AT J IFOR 4T

A& (chlorococcales) Ol 431= Coelastrum spp., Pediastrum

o, A-T EZFNA M, T,
.M, Wo, B, | =7 39

= N =

Jk?l;t':

spp. ¥ Scenedesmus spp., M g0+ Microcystis spp,
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Table 2. List of the phytoplankton taxa and their functional groups in the enclosed culture system including the relative proportion to total
biovolume of <1% (+), 1-5% (++) and >5% (+++) during the study period.

Phytoplankton taxa Functional E-Su E-Mid C-Su C-Mid
group

Bacillariophyceae
Aulacoseira granulata (Ehrenberg) Simonsen P ++ ++ ++ ++
Cocconeis sp. MP + + +
Cyclotella sp. B ++ ++ + +
Cyclotella meneghiniana Kiitzing C + + + +
Navicula pupula Kiitzing MP + +
Navicula sp. MP + + ++ +
Nitzschia amphibia Grunow Ts +
Nitzschia sp. Ts + + + +
Nitzschia palea (Kiitzing) W. Smith Ts + + + +
Synedra acus Kiitzing D +
Synedra ulna (Nitzsch) Ehrenberg D +
Chlorophyceae
Ankyra judai (G.M. Smith) Fott X1 + + + +
Chlamydomonas crassa H.R. Christen Wo +++ ++ ++ ++
Chlamydomonas angulosa O. Dill Wo ++ + ++
Chlorella ellipsoidea Gerneck Wo + ++ + +
Chlorella sp. Wo + + + +
Chlorella vulgaris Beijerinck Wo + ++ ++ ++
Coelastrum microporum Nigeli in A. Braun J + ++ ++ ++
Coelastrum sphaericum Nageli J +++ +++ +++ +++
Cosmarium laeve Rabenhorst N + ++ ++
Crucigenia crucifera (Wolle) O. Kuntze J + + ++ ++
Eudorina elegans Ehrenberg G ++ +++ ++
Monoraphidium contortum (Thuret) Komarkova-Legnerova in Fott X1 + + + +
Monoraphidium minutum (Nigeli) Komarkova-Legnerova X1 + + + +
Monoraphidium sp. X1 +
Oocystis parva West & G.S. West F + + + +
Pandorina morum (O.F. Miiller) Bory in J.V. Lamouroux, Bory & Deslongschamps G ++
Pediastrum simplex Meyen J + ++ ++ +
Pediastrum simplex var. simplex Meyen J + + + +
Pediastrum biwae Negoro J + +
Pediastrum simplex var. duodenarium (J.W. Bailey) Rabenhorst J + ++ ++ ++
Pediastrum tetras (Ehrenberg) Ralfs J + + +
Scenendesmus serratus (Corda) Bohlin J ++ +++ +++ +++
Scenendesmus acuminatus (Lagerheim) Chodat J + + + +
Scenendesmus granulatus West & G.S. West J ++ +++ ++ +++
Scenendesmus denticulatus Lagerheim J +
Scenendesmus intermedius Chodat J + +
Scenendesmus ecornis (Ehrenberg) Chodat J + + + +
Scenendesmus quadricauda (Turpin) Brébisson in Brébisson & Godey J + + ++ +++
Scenendesmus spinosus Chodat J + +
Schroederia spiralis (Printz) Korshikov X1 + + +
Cyanophyceae
Pseudanabaena catenata Lauterborn S1 + + ++ ++
Pseudanabaena mucicola (Naumann & Huber-Pestalozzi) Schwabe S1 + + + +
Chroococcus turgidus (Kiitzing) Nageli Lo + ++ ++
Aphanocapsa grevillei (Berkeley) Rabenhorst K + +
Merismopedia tenuissima Lemmermann Lo + + + +
Microcystis spp. M +++ +++ +++ +++
Aphanizomenon spp. H1 +
Cryptophyceae
Cryptomonas ovata Ehrenberg Y ++ +
Rhodomonas lacustris Pascher & Ruttner in Pascher X2 + + + +

E-Sur: surface layer (0~0.3 m) in experimental culture system, E-Mid: middle layer (2 m) in experimental culture system, C-Sur: surface layer (0~0.3 m) in

control culture system, C-Mid: middle layer (2 m) in control culture system.
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Fig. 2. Variations of nutrient (total nitrogen, total phosphorus) concentration in the enclosed culture system. Experimental culture system:
surface layer (A), middle layer (B); Control culture system: surface layer (C), middle layer (D).

Wo 5ol Chlamydomonas spp. 2 Chlorella spp.7} ©
F2 FE= FAHAT A3 AFESI4 Abonyi er al.
(2012)2 1 ZEH M 5% o587 7HE e shdolA
Z9d3t= Y& %2l PFGZ A A2 M, Kruk et al. (2002)
2 Pediastrum, Scenedesmus, Coelastrum X Oocystis %
= IR T AFLE E RIgEE @AM Hols
FEsh= oz Bugth Bk ok & AFtolA] " T
F4 M 59 Ho] F2 A¥ AFEIE (Kruk er al.,
2002; Abonyi et al., 2012)3} 3-A}381 T}

Reynolds et al. (2002) ¥ Padisdk et al. (2009)°] W=H
FEM,J, Wo)o B3] E45L v 2ot

J 715 (Pediastrum, Coelastrum, Scenedesmus, Antina-

ols

strum, Tetraedron, Tetrastrum, Golenkinia, Tetrastrum)<
Fi & 2PE RILTE 25 E S () S olA
22 AAst, we 2Ed Ao Ut M 1
5§ (Microcystis, Sphaerocavum)2 A H o2 Jf27} 22
2 % HYF AN F2 AL, B ZEo
WS Hole W Z24) (flushing) R W& 2X=of ¥l
sltt. Wo 155 (Chlamydomonas, Chlorella, Pyrobotrys,

Polytoma)®] -, §71=40o] ¢ FHe ok E A%
3t et al.

oA F& A A3t} (Reynolds et al., 2002; Padisik
2009).

&2 AFolA ERlE HEAA IFEM, T, Wooll Lo
A AT TZ| A M (Microcystis spp.) 1a< % XA
Hu814mm’L™") F 449mm’ L™ (552%)F A5,
ATt (Fig. 4). ol AET 239 9 B 5%
(0037 mg L™)7} 714 31, g3l AFe) (OECD, 1982)
ojn], A H o2 =& FHF & (201.9 umol m s )e} T
o] 9l Ao g Btk (Table 1).

AYT FFo)A E1E FHF TN: TP ratio (<29)9} 3
(27°C) T M 259 &2 A Fuo IFS

T T (Smith, 1983; Davis et al., 2009). ¥FH
EFY A AT 259 AR 230 22
T AH ez He F2 FE(0026mgL™)
TN : TP ratio (>80)Z QI3 M 152 & A £
LR AE o2 Wekth(Table 1; Fig. 4). 71
T2 B9 AFF(28.6 umol m s} 2T
molm?s™)9] Z+ 35 A M 15 AA Foje=
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CELRE

Boyd 2 2 N #d
z

IF e Mg oy

o
> M

rI%-f*;
o3

3

=



MBBYSE 75080 HO| 54 447

4 [
o
o
£ 34
C
(0]
g
= . .
RS + T
c L I
"6 R
R L
1 I I
T L
T —r— L] ]
0 )
0 . . . .
E-Sur E-Mid C-Sur C-Mid
200
175 A P

- [ T

il
K
Q100 4
E I
P4 [
= 75

50

I _T- ] = L J._
25 4 ITI 1T ®
.

0 T
E-Sur

T T

*
T
-Mid C-Sur C-Mid

m

0.10
[ ]
L ]
_ 008 .
0
()]
£
» 0.06 [ ]
2
o
<
Q
8
o] |l T
o
w e
“5 I ——
P ooz ]
- +
. 2 -
0.00 . . . .
E-Sur E-Mid Cc-Sur C-Mid
8
Y
> °7
= L ]
5 N S
= T
o 4
C
S
= []
° . .
S 2-
kel
0 . . v v
E-Sur E-Mid C-Sur C-Mid

Fig. 3. Box plot of the main environmental factors in the enclosed culture system. Experimental culture system : surface layer (E-Sur), middle
layer (E-Mid); Control culture system : surface layer (C-Sur), middle layer (C-Mid). Boxes indicate the 25th to 75th percentiles, the
dotted line within the box indicates the mean, the solid line indicates the median, and symbol ( ® ) marks outliers.

T} (Table 1; Fig. 4).

Coelastrum spp., Pediastrum spp. & Scenedesmus spp.=
F2 JIAE J AL AFT 22 (128mm’ L, 70.0%),
2T E211.5mm’ L7, 44.7%) 3 22122 mm° L™,
79.6%)° A 2T A3t} (Fig. 4). Abonyi et al. (2012)
< A8E FYHNOs-N)o| 57tsh= s 9 shrollA T
I50] giEE 4dstE AoE HAst$ S, Crossetti
etal.(2013)0] W2W J 182 Bl 2Tt AgEoz
2 ZFE A ANA AAET Wos M 15 ] 15
of o]ojA AFTY} 27 EZo|H 42 146mm’ L
(18.0%)%F 40 mm’ L™ (155%)2 =& H[&S X}A|5}19]
ok 2 AtolA AT 2T ZF FFolA 1 AFS
AAor =2 A FoE Yo (Fig. 4), 53
oAl 2= % PO,PE ZFT PAEY st AHEHo=E
Eorou A ALY s ¥4 UEsTH(Table 1; Fig.
3). WA, F3oA T IEY =2 A F9 X 22
FEEP) T R 2= gt w2 HIAL HE] =2
A AQ 9% 559 FFoE y7dEn 1 9, Ad

T+ ZFAA A3 ABAAE BQl Chlamydomonas,
Chlorella 52 Wy 152 ASE A& A5t
(Salmaso et al., 2015), 2% 2] MEZEZA AX &7}
2 Ex2 U1 9tk (Reynolds, 2006). 0] A E 44

s FAR AP} 29 ZF #3004 FEE (&
)9 FEZF AYEHORE 2o AY 2T 1Y M 25
A w2 A FHE AR5k o fE5HA e Ao
et (Figs. 2, 4).

Htomob o BN r

3. 291 BM(Principal Component Analysis)

PFG¢F st el 7+ AwdE &<2st7] fs PCA
(principal component analysis)E A3}t (Figs. 5~8).
AT ®Fol|A] axis 13} axis 2= FA| Hol] 64.27%
£ Adgs) F%111, axis 1= TN (0.83), TP (0.62), NO»-N +
NOs-N (0.86), PO4-P (0.77), DIN (0.85), =2 (0.82), pH
(-0.62) ¥ AE% (0.82)¢ 2 AAAFES BH O, axis
2= A QQEY TR RS HolA gtk (Fig. ).
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Fig. 4. Variations in the biovolume of phytoplankton functional group.

Control culture system : surface layer (C), middle layer (D).

AP T FZ0)A axis 13} axis 2= A Wo|] 83.79%
£ A93%t 712 axis 12 TN (0.82), TP(0.72), NO»-N +
NOs-N (0.83), PO4-P (0.72), DIN (0.83), $=2(0.78), pH
(—0.80) @ AEE (0.75¢ ATAL HYoH, axis 2=
RF8AET FHE AHAAES HolA| gtk (Fig. 6). W
ZT9 BZ A axis 13} axis 2= A Hol9 63.06%
£ A9 712 axis 12 TN (0.85), TP (0.70), NO»-N +
NO:-N (0.89), PO4-P (0.87), NH3-N (0.68), DIN (0.90), 4=
£(0.73), pH(—=0.66) @ AT (0.8 ABAL BHgo
o, axis 2= S Q/AST FRHI AWAS HolA &%
o} (Fig. 7). 1219 $Z20)A axis 12 NO»-N+NOs-N
(0.50), TP(0.77), PO4-P(0.71), A== (0.70) & pH (—0.63)
oF A4S Bt (Fig. 8).

PCA plotof| A A8+ &5, AAT 55 2 x4 &5
oA FELE F¥H, &2, pH ¥ AET= axis 14 4
S HolHA 8 37 810 & YE T (Figs. 5~8).
AT FZo|A M,JE G152 Y EA, ), A=

¥B EJ BM ®BW,

Biovolume (mm>L™")
N

0
T8I LLTITIRIATDyLgYI2s AR
o st
~ o~ o~ ~ o~ o~ ™~ ~
31.(D)

=J EM ®=S1 BW,

Biovolume (mm*L™)

™ - e NN S N N m
a O
5577555258339 35299833

Experimental culture system : surface layer (A), middle layer (B);

£ 42 25 534S BREo, B3], ok 5903
¥ HUHS HYrhFig. 5). VBT T34 M, Wo 2
JIEE 53] 227 AT 4B B, As A

ol A= U (Fig. 6). H=2T EZ-0)A]
FHEE, D, AEE, 2 9 2=op AW
o (Fig. 7). =27 $59 25, M 152 TP,
POs-P Y A== w2 ABAHE B v, T 252
NO»N+NO;-N, =2 9 ol AjFoz £& A4S
UrER 21 (Fig. 8).

H AFoA PFG F M 15 4UYgT tEol 52

ox 2 12
o M og
E‘tm o_?r,
flo o2
of Lo

e
3R

¢

=

9 2Eo =2 AWAYS Hylon,

o) 7t mpoH TEe| G WL A0 yet of
= YT 4o U QU 5o 4% 2R 24 o
Qo AR or 2E7t B 59X Microcystis spp.
7 E3HE M g A Rovt o 2748 5 el B
|t} (Figs. 4~8). A Ao WEH Microcystis= 7
3t 2% (R A) ZAA 7HEE 0] E (carotenoid) A A
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Fig. 5. Biplots of the PCA based on the biovolume of functional
groups in the surface layer of experimental culture system.
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Fig. 6. Biplots of the PCA based on the biovolume of functional
groups in the middle layer of experimental culture system.

Fe TVHHCEN AZ AAE BEFT FA w2
T3 58S AUt (Paerl er al., 1983). WA M 18
(Microcystis spp. )2 AEH 27l AFoZ 52 $
Ao FAA BA 73 F7HE)7F 7Sttt

M I5% 37 w2 A F9E UEhd J 152 PCA
AN da ALY FUE % H=o AHES HE I
(Figs. 5~8). ] A5 €1 97t & FI4S A

1.0

Axis 2 (18.86%)

=]
N
-1.0 Axis 1 (44.20%) 1.0

Fig. 7. Biplots of the PCA based on the biovolume of functional
groups in the surface layer of control culture system.
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Fig. 8. Biplots of the PCA based on the biovolume of functional
groups in the middle layer of control culture system.

2 &8 A ot (Padisik et al., 2003). &E
= FLESRP)TY FE 2ZOA 2 &
ZE Hols ALRE ®B1 HRIth(Crossetti ef al., 2013).
PCA plot ¢l A3}, 729 IFHS F2 PFG(M, J,
Wo)ol 4% & Holo] JFS T+ A2z AU o
€ °lg IF°] f71Ed FH6h REgEE 92 A
S3Iehs Padisdk ef al. (2009)9] 0|28 &l 5| Zt},
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