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B = BE AR DA R A b ) AR Ak TV i A A A
T S5 H AR At 22l AT 208 5 e i s ) £
IR VE S5 K, R R K A &S R G Th g (Mayer
2020) . [REAFF T8 7K AR 37 Ui AL A0 T T 45 ) 1 I A AR
WX TREKAES KRG BA BEEME L. ERITE
TR TT B AE R G R B RBK BT, IR
B RS RN ESTRE(Salmaso et al,2015) .
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HI T RERE , 75 M JE Al |, Padisak 25(2000) %4 5 i HE 4)
TR 39 A ThReHE, H A K= T2 WA 4 D) s 1
WE5E 746 C &) iz N T A BRI 7K e R i
(Wang et al,2020; [ & %5, 2018)

BERIVLK RS2 P 28 DU ROK 2, 2 dbifg i i A
K 25 KU AR A DL, B T A 7250 B &
FRIE LA SR 7K LR A R BOKE B & B E 77
W TEE NIK I, KA & 8 FR A ™ B (CE R RE SR , 20105
FWeRE,2013) 0 LK, B E LSBT B IR 52
1 G HIBUR R E T — R B T, A B AR R 5
FJE 21 8 B IR I TR v 7K i 5 DLV IRt VK
JE B IR G, 2017) o {HURFR 1] 22 055 (2012)
£ 20072008 R 5T 1 WX FE TR X (I ) LASE
T EEAE R, B AV K PR AR A IR R TR
R AW FIRFCT 7648 B L U LRIV LK 2
(107 RS D) RE S B 5 A B IR 7 1) O R AT W
T, AR T K AR RG4S MR Th RS, K
PEABDIRBL VAT S8 B AR R R4
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o ER oo = S LB = 3 B/ T N a1 A D
IKJE LT 1960 E4) 51965 4F 7 iz 47, 5 W i A
402 km?, 7K 32 T R 66 km?, & E % 7.14 12 m?, /K
FE AR Z /N By A, AR . AP RAEEX b
HUN B E O MR R 2T (S1~89), L 1.
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Fig.1 Sketch map of Hongchaojiang reservoir

and location of sampling sites

1.2 KEFREFRSHT

T 201846 A (HZE)M 20194 1 H (XZF) 47
FERCRAE RS EKHE IR A R 2.5 L Tk k2%
M. 37 52 i W (SD) , A YSI proplus 547l
SE VR (Turb) /K& (Temp) «pH. ¥4 fif 45 (DOD %%,
KA [A] S 56 & R AR SR 58, MAAENNH,-N)R
FH 9N G LE 2325 A 25 U(INO,—N) FH 48 A 38 TR U1 A
G o M6 BEE L VBTN O B R 0 A A 58 4 2
I B ST (TP) A o i 1R 40 31 A 4 O Lt vk
(Sun et al, 2017), CODy, FH /51 %k IR 1 ¥4 fife v2: 0 =2
TOC Fl 24 MU 5 Hr X (Elementar , 75 [F ) Il 52 ; %%
% a(Chl-a) K H A B B L 2 e e kil e« Horp
HZETP M TOC LA K %4ZF Chl-a £ #56k 2k
1.3 FiFEYERRNRERMS N

RIS FE S R, B LIRA KB T
P 55 I SR A R, SERIINON 1% 16 & 8F I, Bk
i 0] 525 % B 48 h UTE fa , - IR E 2 TS
W0, B AR SR 4 2 50 mL A2 A e T e,
BEIR AR FE S 78 0 F8 20 WL 0.1 mL ¥R 45 FF 5 B Tt
BME P H (Li et al,2018) . I RIFISE L & 5
2 GOR GRS 2 AR EN L, 2006) . HR 4 Reynolds 2%

(2002) F1 Padisak % (2009) % V7 Ui A 4 h RE 28 B 47
X537 R R 5% DL (1 Th RS SR
WAL
1.4 EIESH

K FH SPSS 22.0 % 5 Z= FI A ZEFAL I 14T L A
R EHT(ANOVA) S TFIHEY) 1 ZE D RE R A4
S AEE Ak [K 73547 Pearson #5543 H7 , FIl il CANOCO
5.0 AT TR LB, e F3 TUAR 2 (RD AV 987 Ui
RN SR TR R, &8 E8n o i
(PCAWF AR SIS R 5 KA iR 2 [A] FE RR o

2 &R

2.1 KEBER

BRI AR Rl 25 R WAk 1. &R
SN 0.0014~0.0154 mg/L, &% 0.482~2.02 mg/L,
AR EIL 200, KEEFHER AR HA
B AE I T A2 (P<0.05) ; A L pH G
EHENERP>0.05),

1 HEHIKETERERFHEREE
Tab.1 Primary physiochemical variables of water in

Hongchaojiang reservoir

¥ EES = P
M /mg- L 0.008+0.007
SR /mg L 0.740+0.249 1.60+0.21  0.003%*
A % /mg-L! 0.089+0.039 0.15+0.06  0.031%*
A% /mg-L! 0.477+0.234 1264023  0.004%*
AR B Umg- L 3.911+0.76 2.27+0.53 0.234
7 W B fem 62.3420.4 126.1439.4  0.042%
R /m 15.67+5.5.52
pH 7.5040.73 7.5240.47 0.410
E/eC 30.50+0.78 13.57£0.66  0.039%
HE/NTU 22.19+11.71 7.08+6.09 0.132
& /mg-L! 6.30+£ 0.65 9.02+0.62  0.017*
A YU /mg-L! 3.0140.67
4 a/ug L 24.94+16.72

7 - BUEBRR  * P<0.05:5%* P<0.01.
Note: - denotes the data is lacking; * denotes significant differ-
ence (P<0.05);** denotes highly significant difference (P<0.01).

2.2 RFEYEEE SN

PEEIL K EAE A 2 A ZE A LRt 7 1)
59 J& o . ik ¥ 1] (Bacillariophyta) 9 J& 4% ¥ |
(Chlorophyta)31 J& . ¥ i | ] (Cyanophyta) 10 J&  #i i
I'] (Euglenophyta) 3 J& . <& ¥ ['] (Chrysophyta) 1 J& .
FH 82 [ 7( Pyrrophyta) 3 J&  f& 3 ] (Cryptophyta) 2 J& ,
VB F 17 TR R (R 2) . Horb TRIP 258 5 54
T ARBRE H RS H MR R R i o T
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B o SniP.L,. LY FIH &tV KE R A TN RES

B, LAY EHRNE 2. B (Cylindrospermop-
sis raciborskii) , X923k (Raphidiopsis raciborskii)
CR3CG— PRI , 2 ST /K 8 i 32 ZE A AR 34
Filv, 5 24 W BN 3.26~13.49 mg/L, & S AW
34.4"2%83.2%;2‘§$%§?9 0.13~1.48 mg/L, 5 &/
VB 3.3%~31.8%; EZFIEY)E48.59 mg/L, i
FET47220.51 mg/L(F=40.3,P=0.000). L, RK#EE
TWEEE (Microcystis sp.) , A BRI B0 AT 257, 2
FES3HN SOKAE s HAE I (5 Hk 50% /A5, THE AR
FERHAEMERN, AT HAYE 5 A 0~30.5%.
PLZ H 8 (Peridinium) N Lo R A A & 5
SEP R 13.0%~48.7%, B A& AR
0~33.7%. LARSSEEIE N EM Y DRl E B ERE
B2 2 5 (BT B CPIE 124%) @ T E
Z=(1.4%) PRB A EIRA N RTINS B a
ETHEREEE (Dinobryon) I E DhRERE R HHIEAZE, SR

B (Euglena) F @R (Phacus) W1 Dy gE#E X H L AE
B2, PRI K PR I HE A B R Al 40 AT 22
&AW & P HE (154 mg/L) & 3F & T 4 2
(2.4 mg/L) (F=24.6, P<0.001).

30
mHfh WY mSh mP ML, HMLo MH
25F
n Z= P
Lot HE s
e
ﬂl\ﬂg 151
9,1
| 10
5l

0
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PR
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B2 #EiIkEEFMEFZHEN
TRERBENE

Fig.2 Biomass of phytoplankton functional groups

at each sampling site during summer and winter

in Hongchaojiang reservoir

R2 BEDKEFFEY IR

Tab.2 Phytoplankton functional groups in Hongchaojiang reservoir

DIRERHARAY ARLIMAESEL DIRESERE T A & i A Bl

C TR & B IR N /NIR§E Cyclotella meneghiniana , AT Asterionella formosa

D VEMUE S IR I KK M EAFEEJE Synedra sp. , 22 TE ¥ Nitzschia sp.

E NRFTE SR KA HEZEHE IR Dinobryon

P s ESRD e ERK SRR,
H [FEAREAN 7SIV 12 38 Anabeana

K B E MK RS ERE Aphanacapsa sp.

LR Actina strum , H 2F # Selena strum , VY 1 Tetraedron sp., 5 3% Schroederia sp. ,
] HEE RN AR % Crucigenia sp. , 25 B #E Coelastrum sp. , $2 # Pediastrum sp. , W5 Scenedesmus sp. »
Treubaria sp., Wt i Micractinium pusillum , % 1= Golenkinia radiata

L, HEFEIRARRZEK Hi 2% U HEEE Microcystis aeruginosap A [KIUHE#E Microcystis wesenbergii

L, 2 5 2 [ A ZH ?;‘TEPeridiniuné sgé %ﬁcfifjﬁiid;;lfli gﬁﬁifmfp&;iz:zum hirundinella,
MP e A% Gomphonema sp. ﬂ‘ﬁéﬁ{% Gyrosigma sp.» ?4‘&@% Tabellaria sp.,

FIEEE Navicula sp. , B3 Oscillatoria sp.
N HHEFRR EK G0 Cosmarium sp. , Fi XGBE Staurodesmus sp. 11 5 545 Staurastrum sp.
P HESREK kL B 1\.{elosir('1 gr.anulate , ﬁiﬁﬂ é’?ﬁ?ﬁé Me'losif’a ambigua,
W k¥ Fragilaria sp. %1 H 5 Closteriopsis sp.

R HE IR RHEE U 2T Pseudoanabaena sp.

S, TR (10 V2 3 5 e T 7K A WAEHIEE Cylindrospermopsis raciborskii
Wi AN S LT i PRI JE Euglena, i )& Phacus
W2 I HE TR Jie % BB Trachelomonas volvocina
X1 SRS R $ﬁi§é Mo'noraphidium sp.» «’Ef’j.'%é?éﬁﬁAnkiideesmus angustusj

BeTE 4T 48 Ankistrodesmus acicularis , 5 [11% /INEK#: Chlorella pyrenoidosa

X2 W B EE IR KA [& i Chlamydomonas sp.

Y IR KR RIE W B35 Chroomonas acuta , "5V F& 7 Cryptomonas erosa, BRTEFRE Cryptomonas ovata
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23 FHEEVEREESELETFHXER

XV R ) 2 ) R SRR A AL R T Ok R i
ITICR T, R EIR, THEE R B L, P. S, H LA &
MY B TB 5 Turb. CODy,~ Temp & IEMH %, 5
SD.NH,-N.DO.TN 2 #iA{5¢, Y Byae Kt S5 ik
A TR RIEGMH R MR RBEL BT
5 pH fINO,-N {7 7E — € R FE I IEAH K40, 5 HAR
MEL R FRAHERER(ES).

2.0 L,

DO TN =N

NH-N pH
Turb TB
sD & ad gl o e

-1.0
-1.0 1.5

E3 HEIkEZFFEYEZRRBEMEEBRE L)
58U EF (I M RDAHF
Fig.3 Redundancy analysis (RDA) ordination of the

biomass of the primary phytoplankton functional
groups (blue arrows) and physicochemical variables

(red arrows) in Hongchaojiang reservoir

TP.NO,~N. 443 a.pH S5IFHHEYI & ThRESEEA
AR B MSR(3R 3) ;11 TNWNH,-N 5 Sn.Y
IHRESAE 2 303 1A ;CODyy,n Temp 55 S, Al TB 24K
SEANDE IREREH.Sn AN TB 537 B 5 538 AR E,
{H5TOC £ 5% EAHSE; Turb 5 L,.L, \P.S, LA TB )
BEEEMK;DOSP.S, MTB 2E# EMH%.

3 iFig

BRI K B A2 g 2448 9 0.008 mg/L, iK1
2007-2008 4F ) LA 2 5 0.03~0.07 mg/L(EREfFLE,
2010) , 7 B ST K 22 BBl — B AL T BUKK F L i
R I R AR E IR ST I 28 4 IR T — B R
2 TP T 0.01 mg/L I, 1Z /KA 7] G8 B il Reyn-
olds(2000) , BEEAVTAK & 28Uk L ik 200, B %7K B ]
REAFTEREPRE . AKARTE UK SRS, 483 a B i — M
F10 we/LCFLE A=, 2005) , 10 b K 22 5 2
42K a T-HIE A 24 wg/L, FEAE R A K1 XU -

=3 FFEYRERBEEYE SENETFHERFEXS T
Tab.3 Pearson’s correlation between physiochemical
variables and the biomass of the predominant

functional groups

A, BRI S

By u L, L, P S, Y TB
TP 0506 0.181 0314 -0.195 0309 0.152 0391
TN  -0.163 -0.128 0.047 -0.281 -0.689™ 0.555' -0.449
NO,-N 0427 -0.106 0313 -0277 -0.353 0408 -0.104
NH,*-N -0.222 -0.140 0.064 -0.286 -0.704" 0.607" -0.455
COD,,, 0352 0457 0426 0328 0.845" -0243 0.852"
Chl-a -0.181 0.123 0349 -0.147 0550 0455 0.515
SD  -0.499° -0425 -0346 -0.375 -0.747" 0.172 -0.726"
pH  0.095 -0.083 0394 -0.432 0.138 0012 0.178
Temp 0.143 0337 0317 0411 0871 -0388 0.735"
Turb  0.156 0.507° 0.683" 0.556" 0.642™ -0.159 0.843"
DO 0013 -0.394 -0.065 -0.556" -0.777" 0367 -0.601"
TOC 0901 0456 0394 -0.083 0.844" 0250 0.707"

TE:*P<0.05;%* P<0.01 .
Note: * denotes significant difference (P<0.05); ** denotes highly
significant difference (P<0.01).

VU LD P A 28 2 R BV 5 K S 5 /K B A
WSS R VAR T S, FEHE AP 7R B iV K
JE AR A B, S AEARAE R AR 1 3.3%~83.2%.
PR — DR S, CEERZ ER D
T 7K EE RO R A I T MR U K 4, 5] Tk >k
it 22 1) 2V (Wang et al, 2020). UL ENT K S
FURCR PR R 3E S RE 708 %, [ S A 1 v 1Y)
B 7% th A 20 25 (Yang et al, 2018; & i 1 25 ,
2017) . (EREARFEE G, KT KA 2 A K
Hr IS AT A )RR B I AOUR: 70 8 K A O IS 55
2017) VYT K 2 Ak B AT , 5T R KR4
7K Ak R AU ) b 2R 43 R, JFC 0L A 9 35 1) AR A R
7R BRI K % (5.9~15.5 mg/L) G FT 45, 2017) LA
KT HRIRFER) 20 2 AN K FE (0.00074~17.95 mg/L, 5
L 0.1 ~ 90.3%) #H 24 (Lei et al, 2014) . #5588, 411
R T 52 3G ) PR LN B (11~39°C) , e I i 5
7 20~31°C (5 MEHF 45, 2017) . UEMITT K JE A = 1Y
TRAE 13~31°C, AHUAE IR (1 8 AP AR SR A T IR 2%
. BEmIESRERFEREKENELE, HED
5T R I B 1 TEAE G . AU AL BT
SR I AT F AR D 2 A T M B R R T, X S
J7 IR K B B DL R LGB FT 45, 2017). —fIA
SN FUAE: 0 8 A R = I T BB 4 JE e R 2 AR iy e R
5 704 g Sk [ % (Plominsky et al, 2013) o VLIV K g
MECFIMEAE 117 mg/L L L, EE DR R ML AT
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1, S A B IR B A 9% R BRI RDA 43 #7132 W Ul A 7
HAEYES R EMEA AT EAEREZEWN A,
& W BRI AN A2 12K FE LA 6 78 (1) BR 1) T Chis-
lock %5(2014)48 Hi , SR EERE7E AR %6 I A B K R
PR, 5 Tl L At WA P VS M A B A ) R
R AN 1 BE /146 2% (Richie et al,2001). W78 R,
PR A EK A 0.06 umol/L(Z1°40.0019 mg/L)
IR}t B8 o5 98 1 25 (Padisdak , 1997) , 3 HAE AT 76 5 AU
8 14 7K Ak ks 2185 755 £ ) & (Dolman et al, 2012), 1X
HARMABBIME R KIRHFMHKXREARDA
I BTIC R B AT K PR i A P S, i
BB . R A TR B TOC DL K v 48 &2 BB 5 M e o6
Fo A AOEE T IR, A R I IE RK L R
77 [F) I SRR I o o R A B (P IS A L 201 7)),
IETE S B FEAR B K AR T 25 5 4R AR 35, IF B ek
KE BN, SO — 0 PRI R, B B2 v i
P& B 48 50 TOC , [F] I R W9 A Y B K A R L 1)
SR THFE T KR IR, AT S5 B0 AR U B (O i
F,2019).

1EE ZE 1) S3 FH SO RAE i, L, ThAE B (F B2
YA 3l R R N B P T ) 2R ) B et B S LA A
BEAE Y, 5 UL 0 38 R BRCA IX 2 AN SRR S A 3
Fift ARPE FLRRBE S, HAEERIKEREEEH
fi P HE DR B o AR A LA 0 9 SR A 1 AR
M . YA AR R X 42 NI R, 7E 149 AN EE
MURILT SRR AN AE R R AT, F B TR
YA 7= 77 BB R, PR R R (0 3 K R v T R
M 7E = N g, DA ) 2R 97 & b ol 4L 8% 77 185 1l
N FORE AR A K R v T TR I IR T B T
HE(Jia et al, 2020) . AP 765 ATl HE 5 1K) B ) 5 4
() A 5¢ % B, 7€ DIP FR 1) 58 DOP 3= FE B I 7K A4
B SE G T R A URE R T R — 8 AR (Bai et
al, 20200 . SR Lei %5 (2014) B 7 8 Y, SUAE i 5
TR T3 1) 5 4 HE T 25 R H e T Tl 3 T R R K
T o B2 IR ARAH OG5 W 3R B SR A S5 7K AR e B 2 6
% IEAH9E (P<0.01) , RDA 43 #73¢ BH B A [R5t 4k 22
FEMIFEMA R /N o AR VLK R V7 R A B 0 45
FA) FRTRIE 2058 /0, ol 0 88 AR 40U 10 98 7 TR VT K
(1) 5% G &5 FU 7R BT 2 R 0G0, AR T R BRI 2
Tl W 78, U AT 7 35 A0 9 35y MG R VT K P TR K
Ji % A A I o

B 7 U AN R, H R ) R
Y& 1 0.47%~23.3%, J& T W — & & 5% 19 Fh 35 (Sal-
maso et al, 2015), UL 2 H 3 8 3 1) D BE ¥ Lo & Ut

TLK & f BB AR S F, £ =1 S1 A1 S6 KA
R EER MRS, PEAGHERAEKZTH
B, FE KA K E B 7K Z2 0T L N J2 AT e Al mT
FI Y8 7% 2R B 1) BRI 5 4 R % (Xiao et al,
2011), {H 1 353 B A 36 A8 vh 31 5 E IR K AE (Lei et
al,2020). PRHFF B BRI, 28 B IR
{2 Fl(Reynolds et al, 2002). Y ZEHE 5 B AL 5 B
JE IR, — A KA S B IR i L B R R
JKAKRH (Wang et al,2020; Yang et al, 2019 ), 7E 7L VL
IR AR A AR AE R AR AR R T . T DIRER
FE PP 24 3 0, W R B R SR R
e FIHE B R BRI, — AT T = E R B IR K
£ (Reynolds et al,2002), fEHL BT /K B IR PP L
& HHAYEIRIK.

Zx b RTIR , R LK PR LA B TR DA
Ko Hi—E B IR e SR 2H A, LA U A s LA T
K S5 A2 BRI M 3 B PR B B 5 2 DA
B R P R R A FsE B Z KA R B R R 7
A EERAE R U TR AE B 2= A et [R] S 4R L3 .
5 AT R B KA S R AR B R AN A
FONE T L e TG BT T B IR SR, HE AR S
FRIRA N AR A KA IXTCEEZ e AT 7K E (136
FRATR 1 MERE , AT P2 — = B 0 8, X K R TR
IR 22 A 2 A g o DRI 0SB VL /K R
T BHAS DL G I 6 5 F AT KR I I A g 4
DAPRAEZK R R /KRB ) 22 4

S TRk

WA, 2R, B 0 6, 25, 2018, 550 T FE K TRV 8 25 T g
TS 25 23 A1 R AE B R R 740 BT [T, S 358 B #0531
(7): 1266-1274.

i 22 s, SRR A, B AR, 2012, WV /K PR IO A 5% 0 X7 it
L] T VK= RHE, (3): 6-14.

HSEY , BLEN0, 2006 HHENRKER—RG RIS
M. Jb3 : H E R A

FLEH, w6, 2005, KA R K E S FRATH i HK 4T B
PLERR R [T]. AR5, (3): 589-5095.

WM, T AT, 25, 2017 N AR R - H0URE 0 3 1) o0 AT
FEAE S AR BEAE S W 90 0 R (0], ZE S I B4R, 26(3):
531-537.

75, 2017, FREIVT K P 7K SR IT 5 T BIUIR B2 11 57t e (D).
W 5K 8 ,29(7): 211-212.

FWENE, 2013, BB K R & 8 75 U 2 A 0], WP EKIECF
3 ), 13(8):122-123.

FRE A, B, 25,2010, AL BV H X BT K R
Tl IS 25 73 AT B & TR A B AT 0. TR R R, (240):
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ST WHEAFS: ,20(1):193-199.
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Phytoplankton Functional Groups and Their Response to Water Physiochemical
Factors in Hongchaojiang Reservoir in Guangxi Province

TANG Hui-juan'?,LIU Pei-qing', WU Jie-li*, LIAO Hong-ping', HE An-you?

(1. College of Marine Sciences, South China Agricultural University , Guangzhou 510640, P.R. China;
2. Guangxi Academy of Fisheries Science , Guangxi Key Laboratory of Aquatic Genetic Breeding and Healthy
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Abstract: Hongchaojiang reservoir, in southern Guangxi Province, provides flood protection, hydropow-
er, irrigation, fishery resources and recreation. In this study, we explored the characteristics of phytoplank-
ton functional groups as well as their relationship with the physiochemical factors of the water in Hongcha-
ojiang reservoir. The objectives were to understand the structure and function of the reservoir ecosystem
and provide theoretical support for evaluating and managing water quality in Hongchaojiang reservoir. In
June 2018 (summer) and January 2019 (winter), a field investigation of phytoplankton functional groups
and physiochemical parameters of the water was conducted at 9 sampling sites representing the upper,
middle and lower reaches of Hongchaojiang reservoir. Total phosphorus (TP) levels were low and the N/P
ratio was as high as 200, indicating that P is the limiting nutrient. The average water temperature was
30.5C in summer and 13.6°C in winter. Levels of nitrate nitrogen (NO,—N), ammonium nitrogen
(NH,*—N), dissolved oxygen (DO) and Secchi depth (SD) in summer were significantly lower than in win-
ter. A total of 59 phytoplankton genera from 7 classes and 17 functional groups were identified during the
investigation. The dominant functional groups were Sn, P, Lm, Lo, Y and H, and Cylindrospermopsis
raciborskii (aka Raphidiopsis raciborskii ) in the Sn functional group was the most dominant species in
the reservoir. High temperature, high turbidity and a P—limited environment were the primary factors re-
sulting in the dominance, and for summer blooms of C. raciborskii. Microcystis sp. of Lm functional
group was co—dominant with C. raciborskii at S3 and S9, indicating the presence of intense competition
between the two cyanobacteria species. Other dominant species, including Peridinium (Lo), Cryptomonas
(Y), Anabeana (H) and Melosira sp. (P) indicate a mesotrophic to eutrophic environment and their per-
centages of total biomass were higher in winter than in summer. Pearson correlation and redundancy anal-
ysis show that turbidity, COD,,,, TN, NH,*—N, DO and transparency were the primary environmental pa-
rameters affecting the distribution of most functional groups. Among these parameters, turbidity and
COD,,, were positively correlated with functional group density, while TN, NH,"—N, DO and transparen-
cy were negatively correlated with the density of most functional groups. According to the composition of
phytoplankton functional groups in Hongchaojiang reservoir, we concluded that the trophic status of Hon-
gchaojiang reservoir was mesotrophic—eutrophic, and the potentially toxic C. raciborskii and Microcystis,
with absolute dominance, threaten water quality safety.

Key words: phytoplankton functional group; Cylindrospermopsis raciborskii; physiochemical factors;
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