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i E ONERE SRS R R RIS K TR KR, ﬁ?2017¢12ﬂi2018$11)§$
2 WTR U 2 2 B R A K ST B AR AR 00 W R, AT T AR e RO B R AR AR AR R
Pearson AH MM A 2 T08 2 MNA AT T 12 2 W9 e e % 3 R AR AR AL S5 K R s (B A A B G 3R /n%
R, MEER R ZWIIRIEES RIS AR AR R R, A AR B Ik 0.821—0.995. TR B
ARSI, 2T B 4.97x107 —7.79%x10% cells' L™, 4E3 2.94x10°% cells' L™, & K{E H HLLE 2018 4
6, B/MEIBAE 20843 NFEW LFE, BEEREMEXNEE, 75k 4.55%10° cells' L™
H13.90x10° cells- L™ HZEXZ, H2.09x10°%cells'L™; &ZEHE, Jy 1.21x10° cells-L™. Pearson AH 143
M Z e A |4 A 25 R 3B, WT. TP, BODs £ N/P J2 5 & = i 59 v o 1 AR AR Ak 8 VI A o6 1
FFK BTG R.
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Annual variations of Microcystis density and their relationships with
water quality indices in Xingyun Lake

LIU Shaojun * SHI Yanfeng ZHAI Jingyu ZHOU Shuxiang JI Zhengyuan
(The Ecological and Environmental Monitoring Station of Department of Ecology and Environment of Yunnan Province in Yuxi,
Yuxi, 653100, China)

Abstract This study aims to explore the relationships between annual variations of Microcystis
density and water quality indices in Xingyun Lake. Based on the monthly monitoring data of
planktonic algae density and some physicochemical indices of water quality in Xingyun Lake from
December 2017 to November 2018. The characteristics of annual variations of Microcystis density
and dominance were analyzed, and then the relationships between annual variations of Microcystis
density and water quality indices were studied by Pearson correlation analysis and multiple stepwise
regression analysis. The results showed that, Microcystis was the absolute dominant genera in
Xingyun Lake, with its annual dominance of 0.821—0.995. The Microcystis density in different
months changed significantly, ranging from 4.97x107 cells'L™" to 7.79x10% cells'L™' (average in
2.94x108% cells-L™), the highest density appeared in June 2018, and the lowest density appeared in
March 2018. The Microcystis density changed seasonally, with its relatively high density in summer
(4.55x10° cells'L™") and autumn (3.90x10° cells:L™"), and then, followed by spring (2.09x
10% cells' L"), the lowest density appeared in winter (1.21x10° cells-L™"). Pearson correlation analysis

and multiple stepwise regression analysis showed that, the main water quality indices that closely
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related with the annual variations of Microcystis density in Xingyun Lake were WT, TP, BOD5 and
N/P, respectively.
Keywords Xingyun Lake, Microcystis, water quality indices, multiple stepwise regression

analysis.
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KA By e S ALK T2 B ( Microcystis) . i IR B8 ( Anabaena) . Bl ¥ ( Oscillatoria) F W 22 ¥
(Aphanizomenon) %, A It ELHE ik 3 (Melosira) W Al WE 3 R B G A= D), (B G0 K SRR A I R A e
2 . LAl R R K AR FR AR 22 W R 1A TR K AR A R (R A .

WS BT W /K B R FR RUPE M rh B B AR B S LR W i R bm 2 — . SIS 8 B R S K AR
TS R AR AR B A FE b, PRI B (0 A K 32 B 2 A AR IR 1 1 20 R 5 (R 7K AR v, A5G D] % 3
F 5 A A A AR R ARk, 2 5 ATTRE A [ AR ff e s 2 3 o 25 A S G2 mm IR 3R 0 Jre 1 Rt
FENO 1 H X ORI S AR TR TR i K AR (R AT, X6 T T S 2 P A AR I ) RUBE T A A8 Ak e
5K BT R 1 2 RO D L.

BRI (24°17'—24°24'N, 102°45'—102°49'E) j& = B A JLR S JEWITA 2 —, J& T BR VLI 27T
KR TS IA, AR AR 34.7 km?, SE34 KR 7 ml), Bl T N AT 2 250 D & R, AT TS e £ far
AW, B WK B SRR EE AW, AR R R T PR MM s BORE, H 2002 4E LK, B =
DITae sty by e DU I i K AR B R R, WA AR S R GE H 4 %Ak, R, A BEX] B 2 )it e
iy = N R i Bri W A = i N S e o < L O e /] e i3 By 2 ey iR Y Wl i )
T e 8 B S B AT T 400, AEL DL i A FOR AR XTI 4 A AR 64T, JFANRE 4 T R AE B = i) 3 e
TR 1 B A8 RIS, 2 2 T A 0 2 T2 72 A 5 7 B i s A DG P B Al 15 R DL 4

ABFFEAET 2017 4F 12 H 2 2018 4F 11 F B = W e 3 B L vk o /K B B AR A B W DU 8 Hi, 20 # 17
B R P P NN B R AR AR AR AR, [ O 30  7  Te i  EE AS A S DDA DG K B R b, B
TER B 2 i e K A8 04 B 45 SIh PR L LA B 6

1 #5771 (Materials and methods)

1.1 Hde ki

ARG F 3T B R R F R B T A BT W s 2017 4F 12 H 2 2018 4F 11 H 47 M gkcds, B
AR e B T SRV KR (WT) . pH . F 5% (Cond) . Z A (NH;-N) . B A (TN) . B
(TP) . #f#4E(DO) | =R REEFE 4L (CODyy,) « F H AL S & (BODs) . fb2# 77 % it (COD(,) FI A% L
(N/P) % 13 T4, PRALFR AR,

AL E 3 AT I AL (B D), Forb ST T A m 8 (44 #2450, S2 A T A o (%
KO, S3ALTMNAALE (A A T A BAaX & S0 R e SOREFE AR TR 2 OKIE R 0.5 m)
WIZOKET 6 m) RAEEHr. H, s e miE M RIZMEZR A (S 05 L), Hmb 2%
KB AR W 237 755 R DU RRO) YU AT, IR S8 22 (P EROK BER—R G 7 2 AR
SEGORLIEA T, B S B R AKCOT. AR AR S AN AT RIRZIR G, [F]— AU R IR JZHE 5 43 00 5 Ji5 R
BAR-YEAR TR Z A, WT R FH I R B TR0 22 5 pH SR 335 rE AR VA 22 5 Cond SR A SC I % L
SR AE I AE 5 NH3-N SR F 40 PG50 20 S0 B VR DU A 5 TN SR FH B Ao 4 8 T e 55 0 o3 o6 0 B vl
5 TP R AR R B 43 Y66 B VAN A2 5 DO SR FH AL 325300 5 5 CODyy,, 2R FH M 155 i R 1 25 72 5 BOD)s SR
FHFR B 5 RNEI 2 ; COD, T AR R ER I 2 .
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R G B 25 B2 o LU B B AR S (Y), AR Y=N/N < f, Kb, N R BB e, N o
TRV, f; IO B .

e BT L PRI BOK S B AL TS bR IO 408 (3 AN s AL AT 448 64T R AR AR AL 0 A K T
Bl /e Excel2003 Ffv: Sy JERE B 2, SR FH SPSS13.0 Xif fll 4 8 25 B A1 11 T /K i35 b5 E 47 Pearson #H 3¢
PR A 22 038 28 [R1A 4307, G 8 1 55 AL 2 i)l 0 v 28 B ] 4 70 A 85 DDA DG R /K B8 A . A DG 43 BT T,
28 K-S JTiE RS, e A 722 i i R 2S00

2 725 53118 (Results and discussion)

2.1 KR bR EAEAR L

7 WK B B AR bR S AR AR AR Bl n 2 1 AR 2 s, Hoh, WT B shyi Bl 10.5—23.6 C, 43
18.8 °C, m AR BUTE 2 H, e B 3AE 7 A . pH {HAZ L5 [l 8.89—9.40, 444 9.16, R T & = /KK S
S50, AR BEAE 3 H, s BAE 11 A NH;-N WEEAREEE 0.118—0.546 mg L', 4-34 0.246 mg- L',
AR 111, Sem e 3 A

® 1 2K bR AL (n=12)

Table 1 Annual variations of physico-chemical indices of water quality in Xingyun Lake

JK JFTEF5 Water quality indices f/IMEMinimum R {HMaximum F-#{Mean FifEfR 2% Standard deviation
WT/C 10.5 23.6 18.8 43
Cond/(ms'm™) 37.2 55.1 48.0 4.9
pH 8.89 9.40 9.16 0.17
NH;-N/(mg-L™) 0.118 0.546 0.246 0.121
TN/(mg-L™) 0.96 1.79 1.24 0.25
TP/(mg-L™) 0.10 0.36 0.23 0.10
DO/(mg-L™) 5.83 9.20 7.89 1.03
CODy,/(mg-L™") 4.9 7.8 6.1 0.8
BODs/(mg-L™") 1.1 7.1 3.0 1.7
COD¢,/(mg-L™") 28 37 33 3

N/P 34 12.9 6.5 32
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Fig.2 Annual variations of some physic-chemical indices of water quality in Xingyun Lake

TN W& BEAE 0.96—1.79 mg-L™' [l 484k, 43 124 mg' L', AR 12 1, Bmh 7 1. TPk B 7
0.10—0.36 mg-L™" [a] 281k, 41 0.23 mg-L™', 2 H &A%, 7 H & . N/P 22 fk [l 3.4—12.9, 43 6.5,
11 784K, 2 H & 5. BODs 284k 1.1—7.1 mg L7, 4E4 3.0 mg L™, S R 30 AE 2 1, fe s e
6 H.

2.2 T P R AR A R AR AL

B R T P SR AT AR AL LR 3a. S5 AR R, JRIAF N B 2 TR e B A AR B S Y ) B AR R
fiE, 25 Ak 30 Rl 4.97x107 —7.79x10° cells-L ™", 4E 34 2.94x10° cells-L ™" 12 . 1 JJ {8 o 285 i K P S A —
2 A3 AR, 3 AN &ERANE, 4 H 5% 82858061, 6 Hikim, 7 7% E BA PIrFEAL,
EAR A F 55 R, 7—11 H B3 8l AN K. TS50 X6 A T AR % 5 R o 30 V2 0 i SR 4 (2010 4F 7 A
2201145 6 H )24t ox & 0, WV G BE e V-2 % BEAE 7 H ik sy, 7—10 H [a], G0 3 % i Bl AR AR
b, B BARGERFTE R R KT, 11 7 5 %6 B R REAR, AE 1—4 A KR8 8 0, 5—6 H % T i %
TR K 2 A S oL e v 2 AR AR A (2001 4F 9 H & 2002 4F 7 H ) (I 5% 2 B, TE il £l 20 v o
M9 AR R R REFaS, 1 A YRR R AR, 5 ORI, 7 A0 ik B mE. DL ERFE =5 K
T SRV R T | Tt K AR D B e TR AR AR AR R AT T AR N B, B (6—8 ) ik
Z2(9—11 J1 ) 1 2 3 %% B 7 ¥ (B AH XF 8¢ /1, 43 il ik 4.55%10° cells'L™' il 3.90x10° cells'L™'; & 2
(3—5 H)IRZ, 7 2.09%x10% cells L' &2 (12—2 H ) EAK, 24 1.21x10° cells L. 2B &L 2 i 3% 5 2% B
FLAT B3 0 251 MR AL AR AR, P28 fb e 3 5 i oK A R AR R W), ELRKZE O B 2 T A 2
KA R, A0 2R A v , T A& A 2 K A8 T AR R FTRRASE AR X 35/, R M A 9 %85 8 7K ST A AR G 5
1% B 2o R i K A — A DU ZR 35545 1 B0, A ] A0 155 100 7 Lt ) AR A TN 1) th g % A

JEVAF TN L 2 1) 0 T 8 B o IS B B LB oy, LA 3 3k 0.821—0.995 (151 3b). 3% s
TR 8 AR IR B A B R e RO SR, R B KO U TR IR RS B I BOKE. B
= B AR 1, X5 Sommer AEP $ H Y PEG BLA e, VRIF B4R B LATE B A
e G OR, BRIk L, AR ) DA A 3 o 00, B R Ak B P o DL 21 O A R AR, 43
M A o] RE -5 IR 5 SRS 56, TR, Xt FU AT AR 9E 38 J2 3R, 52 2 T o 0 o8 4 38 A 3 B /K - 3 v
TR R 2T A SR A L AR A OO B A S I SR ISP rh e S B R AR AR, SO
TS B ATEMY, AR 2 =Bk 2 A L 3 A KIREFRIRES I B3R 840, HAy 10 A0k
e & B R, IR B WK IR 215 YR L
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Fig.3 Annual variations of Microcystis density and dominance in Xingyun Lake

ABEGE D, AR N AL 25 W 2 i % T R A 35 BE /K Ak T M8, 0 B A oy 5 S 3 B 52 1) D EA
A RESE 2 7 Y — &AM TS G ™o, e A AT iR k. B EAE0 B9 3R W1, 3l 20 4Pk, &
AR N PG YR A 2 I b bR 33X 5 gk P T IR TS G £ ey 04 7 A AT S G A
X, A —HmrRe A W], 2SR TP ¥5 YL G e 4 24 pE AR 4 5 R 382.20 L 589.87
346.80 t, TN 75 YL 7 4F 15 7= A 4 20 1 2694.90, 3292.44 | 1827.11 t. [ 2000 4E &4, B 7 b0 i dl i%
TAEBFFELIT R, (A EA W AR R iR AL, B2 588w &3 A, S8 C g o
N M P R0 2 BB —, AR 2R S A0, I A A D REAR AR CY, R T A M, FEAE . [RIET,
TLHOIE J5 R 2 A P R A K, TRE BRI T KA A SR IS B H AR R AT Y PG R R A K R A B
AHTFEFEER K G, S 208 R R AR IR iR AL, N — O R e n A K AR T E R
Y. IR UK R AT T . UK 2 e K AR S R G 2 AR SE A, RRUSTH AR R Y
A BESFEYI T, XA #EEE 0 A KA BT A E L RS R B, B = WK AR 53 A T AR A A3 A
TREE 435 1 1984 419 7.85 km? Fl 4.2 m LA 46 I 2 2000 41 0.72 km? F1 2.5 m Ly 2% i 2008 4F 2
WK R W) 23 A5 T R L R 0.6 km?, 55 55 24 1.8%". = J& KR I i s Wy A BE 5o el /> it Vg e 252270
SR, PR AR O & R IR 5N, R oW E R SR ARG Y E a2 8 T
BRI EIAE T, HAE R 2R R S BH A5 2005 4F- LUK, 2 = i 5 Bu3% (Bosmina) AR/ L 2
W s I 5 BT e, B 4 58985 Daphnia longispina group =4 SR T . I, ok A REsh )
X Tl 2 i () 4R R g B 2 i/ DR i e i B A AR . BT B SR AR L IR DO SF A
BT YA N7 3 T2, A R A A KA S, T DU SRR e s M i B, fE— R ARl
JINTU PR L 5 | R AT A W Y AR, (AR R R BRI B S o LA, R B, A AR R
ARZ 3G IUH, anvl Lt Ohas By 3 S IF 07, DSz 51 22 06 IE 38 2o 8 FH 5 e LAt e 2 1
A HBGR BT M ) T /KT 3 A s, 3 AT A3 2o 3 D' 3800, S O AR S sk D0, 255 LA 43 Bk
i, B AR 0 TE G e SOaa BN, KRS SR 3 S A IR TR AL /KT, e e i AR K B R
BT R B, B E UK AR S R B S W R 2L, T e B T B 0 A AL
—FRHN I, T3 T R AR N R IR Y X LIRSS R, T A B i K. A2
W8 i RS 5 7 Sy M RN, AR R B KA S R G T Reny M H R A
23 TR B R AR AR AR SR TR bR A 0GR
231 HHRME T

XA A AR s % B S 11 W ALFE AR 4T T Pearson AHOC/M T (% 2). T se e B Ah =
P, 2y F ER IRV, N2 5 52 AR R Ot 25 5 el 71 A& A= 30, R M fl 3 988 28 BE A 23 [R) e A nl A2 H A=
FRAEE LA SCRATE I ] U] XU . AR . KRS TR A 2 R R &R ny L[] 52 .

2T 5K SRR Z [A] 1Y Pearson A& R (n=12)

Table2 Pearson’s correlation coefficient between Microcystis density and water quality indices(n=12)

WT Cond pH TN TP NH;-N DO CODy, CODc¢, BOD; N/P

i 0.656 0.610 0.521 0.179 0.732 —0.584 0.133 0.400 0.447 0.827 -0.695

T *FTRTE0.05 7K OB ) I 8 AH 5 **F7RTE0.0 17K OB ) 1A i 2 A 5.

Note: *Correlation is significant at P<0.05(two-tailed); **Correlation is significant at P<0.01(two-tailed).
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ARG 5 AR R RUEE T 2041 L 2 A 30 o 2 B AR AL AR L 5K TR AR G R, At e B R R
XoF 3 B 48 et o T, ST e e R SOK AR bR BT BIE AT 0. TR R, R S
TP H1 BODs & #% 5 2 1F AH 5 (P<0.01), 5 WT il Cond % i 3% 1E 4 % (P<0.05), 5 NH;-N I N/P &£ i
F AL (P<0.05).
232 ZouigH EIASHr

MR 4 AR P43 25 3, DL TP, BODs, WT., Cond, NH5-N Fll N/P %5 6 1 55 ff 9 v 4% 18 LA @ & A1
KK TG bRk AR i, T i B N PR AR i, i 2 Jnig A A e T — 25 T S R 2 I
JE SR AR AR AL O R B o B VI K B b, ST SR 0 22 TR R I A R, e AT B A G (36 3).
3% 3 AT A1, ATE R = ) (3 o8 28 2 [l )H 5 A2 i /K T 48 A= TP, BODs. N/P #1 WT, R{A . F{EHI P {H
53 512h 0.981, 45.428 1 0.000, &7~ T [ H 5 f Al 3%, B Hr 4 Rl 5. K6, TP, BODs, N/P Fll
WT N5 B 7 I (3 5 2% B JR A A8 A5 UIAH G I /K BT F8 4.

R3PUEREE SKBHERZ 0% BIR TR

Table 3 Stepwise multiple regression equation between Microcystis density and water quality indices

Z It A AR Stepwise multiple regression equation R F P
Y= 8.648X7p + 1.085X0ps — 0.375Xxp + 0.326Xyyy + 6.240 0.981 45.428 0.000

WT 25 1) 386 28 A K 1Y) S B B PR 110 WT RE RS 0 i e Ak i s 1, (R0 B 58 R AR 7K i
(RS e A ast AR PR, 1) S 40 T8 5 40 T g R T, 23 A SR P T v R A v W (LS I, AT el
PEISAN AL 5E B B A G A Y, WT (35 I BE A 1 Tl 8 1 AR R B R RIS e e A e
WT ZUIAHC, B AW WT B938 0, fe e A= v i o 2838, (0913 37 B i Ze AR DG ARpfFoeh, &
IR P B R AR AR AL S WT 2 3 EAH G, LB (2, 3 1) B 2 WT 5K, 0 5 40 i B
BRI RS, ST 0, 2 P R A eI AR (5 H) JE bl WT b FF, £ v 4 i A Q5% 3h A i
oy, AR AR, % AL AR R KT R WT 2 B 2 i e e A A TR R 2 —.

Tl 2 R Ml 9 2E K ) BB IR 0 R 2 — P, G LA v 1 T MG 3R A A R 114 5 £ A7
1, W RS E TR L5 A et H e e S ok e o L AT DL A R . K i o R
BH, TP X S e A K ok, T g B s A i 5 TP VR 528 0 3 E AR OG0 37) (el o8 A e ok
WA T e e A Y, [, R 5 A R et B ] (K A4 pH 3 5, BRI R 2 8IS Z 7KK DO 7K, B
AR 2 R 25 Tl A L R TS0 1 ol T G 5 4 ML A, DAY R 2 IV vl o DR Al 1% R, 185 o 7 A 0k
JEER. BODs 57K (A HILI5 YR A 56, 18 Ry i g 0 e /K AR ALY & 2 10 JE B4R A, 5 B0l K, A
IR AZ AT WS Y B 7™ B KR TR ML SR 2 AR KB, MR A B il iR A ER = Ak
SEA LY, KA A HL) T 0. VO B2 FE 5 BODs 52 B 25 IEAH G AR5 v, B
T P A AR A8 Ak 5 TP R BODs S 8 35 IEAH . — 7T, A 2 TP AU ALY i A5 Yeig 12 32
BRI, 1052 = 5 A AR 2 o0 2 M, 448 22 (12—3 A R it 3k o AR X6 4 R B A
K3, AR TP A LA 420, Gl 3 v 2 B AR X B AIG; ok (5—11 H ) Bl 24 i K AR il
A K . 2R AN RN E— R R A, A5 YL G AW K, KR TP il BODS e 5 444
TS, Iz WT BT X 8 28R KA L 0 e A bR, ) 1 8 40 B X8 55 0 o A W R D e
P AR T B RGN, KA TP A ALY IR B B T B 2 i i iR AR K R IR 5 —
JEVAT- PN 2 T A 1 ) ke 0 i 2 B, (LK AR pHL 3 2495 7 ARG 55 8 7K OF (8.89—9.40) , PR TR B () B
FEUKMR TP e W 5 RIS, S e A KA AT T B v B R S 1A AL, /K4 BODs ¥k
FEREZ 3, H i, KR TP K BODs ¥ B 3N SRk T i die K A K a5 5. Rk, 2 =l
THEBE R BE 5 TP 1 BOD, #e B 28 Ak 2 1 A R SR

Rhee 554 &3 N/P AR T 10 WA F) T (03 B8 A P 35Rh . 861 4 40 W 1A 2% 1 /K AR 40 02 1 3
IKAE, 5 PR T ] 48 R AW v N/ AR L AT, (A5 15 1 R0 0 0 e i il oA I B4 o), AR 3 [ )
WFGEIA A, AR Y N/P A5 I T b folg 06 o A 0 i (R 39 0. Liw 69 i 58 R B, K de AE i 5
N/P 2 A, FE4 i 1) N/P AH LT, KA bt 2500 1 3K A2, BRI N/P JEASJ2: i BOK A2 T8 B 2%
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1, T A v K A B 2 R ), R 2 R T M R i i /K A L DX Oy 7 o, S B ML UV E AR,
TCHUBE A BE T 5, BETTAE N/P A, I N/P 2 i 8 /K R e AR 25 SR UL R 5 b, B2 5 WK AR SR 4 Y
N/P ZE AL il 3.4—12.9, 4472y LATCE B8 Dy 4 XL 35S, TRt ol o 2R A 15 N/P SR I 35 F A K.
X —J7 AT G Smitht” $2 iR N/P 25 (H N5 —Jr i, J2 = W 48 X0 S el e e B 53 9 0 [l
RRE ST, R BHE b R B AR A A R B 2R, [R] IR SO 1 IS T Hh N TR B A BRI, Be & B NVP
. PRI, B 2 R v 2 B 5 VP A8 A it DR 2R O BB AT e it — 2 DIPTSR it .

3 %518 (Conclusion)

(1) f i 2 B 2 W7 e e I A B ) 246 X DR 325, JE AR AR 33 53 0.821—0.995. B = i 3%
W H A AL, A5 AR B 4.97x107 —7.79x10° cells-L™', 4F 44 2.94x10° cells- L™, % K {H H 38 7
2018 4F 6 J, fe/IMEHBLAE 2018 4F 3 1. (e e % B E A RARX AL i, H IR Z, 4.

(2) Pearson AH P07 F1 22 TG 2 A5 [0 2081 IA A, WT., TP, BODs Fll N/P 2 5 J2 7 W) fol 3 i o g
JEAEAE AL B VA 51 4 TUK G 5.

(3) JEVAF P9 52 2 WA ol 200 v 3 P A 3 B ) R A A 7K, o i /K A8 AR 35 P 3 . S A8 B
DNV e R EE R, RS SR O P D3 B 288 P i, i R B 80 S AT SR A, DU
A, B DK BG0Y A, SEBRISIA B IR A AT Rk & e AR .
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