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Abstract: Heavy metal pollution induced by human activities is widely regarded as a major environmental stressor for many lakes.
Yangzong Lake, one of the nine largest plateau lakes in Yunnan Province, has experienced severe arsenic contamination since
2008. Monitoring data further showed that lake-water arsenic concentration consistently exceeded the standards for drinking water
quality, posing severe risk for water safety and ecosystem health. A spatial survey and analysis of surface water quality and phyto-
plankton in Yangzong Lake was conducted bimonthly from April 2015 to February 2016, covering the south, central and north parts
of the lake basin, respectively. A total of 68 algal taxa were identified, with the largest number of taxa belonging to Chlorophyta.
However, Cyanophyta was absolutely dominant throughout the study period, and consisted of Pseudoanabaena, Planktothrix and
Aphanizomenon. These results were consistent with previous surveys of phytoplankton from this lake, confirming the cyanobacteria-

dominated community structure after the occurrence of arsenic pollution. The analysis of variance demonstrated that the phytoplank-
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ton biomass exhibited a significant seasonal fluctuation, with a maximum value found in August ( 14.06 mg/L) and a minimum bio-
mass occurring in December (1.23 mg/L), while no significant spatial variation was observed. The Pearson correlation analysis
showed that phytoplankton total biomass was significantly and positively correlated with water temperature and pH, but negatively
correlated with arsenic concentration, water transparency, manganese concentration, sodium concentration, potassium
concentration and total phosphorus concentration. Redundancy analysis displayed that water temperature, arsenic concentration,
calcium concentration, manganese concentration and potassium concentration altogether accounted for 57.18% of the community
variation in Yangzong Lake. The variation partitioning further showed that the water temperature, calcium concentration and arsenic
concentration accounted for 32.05% of the spatio-temporal variation of phytoplankton community in Yangzong Lake, while the water
temperature, calcium concentration and arsenic concentration independently accounted for 12.45% , 8.28% and 2.33% of the total
variance, respectively. The coupling of arsenic concentration and water temperature explained 9.46% of the community variation.
Therefore, we infer that seasonal fluctuation of water temperature may have caused the change in lake stratification and the in-
creased water mixing under lower temperature may promote the sediment release of arsenic, resulting in higher lake-water arsenic
concentration and stronger community turnover of phytoplankton. This study will help to evaluate the long term ecological effect of
heavy metals on lakes and provide scientific evidence for restoration of arsenic polluted plateau lakes.

Keywords: Yangzong Lake; arsenic contamination; phytoplankton; community structure; environmental factor
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Fig.1 Distribution of sampling sites in Yangzong Lake
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Fig.2 Spatio-temporal variation of phytoplankton community structure by biomass in Yangzong Lake
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Tab.1 Summary of dominant algal taxa and their dominance in Yangzong Lake

(e S

NES P

4 H 6 H 8 H 10 A 124 2 H
B Fhfa 3 ( Pseudoanabaena sp.) 0.68 0.36 0.19 0.30 0.62 0.17
o 722 3 (Planktothrix sp.) 0.13 0.09 0.06 0.11 0.08 0.37
W R (Aphanizomenon sp.) 0.06 0.16 0.32 0.15 0.08 0.15
[l B BE ( Rhabdogloea sp.) 0.05 0.31 0.31 0.35 0.07 —
Wi rhAE /NS 3 i ( Merismopedia sinica) — 0.03 0.06 0.03 — —
i I /NI 3K 3 ( Raphidiopsis curvata) — 0.04 0.04 — — 0.07
30 W/NPU £ 3 ( Tetraedron minimum ) — — — _ _ 0.02
Tk /NI ( Cyclotella spp.) — — — _ _ 0.07
Tk We#F 28 ( Fragilaria spp.) — — _ _ _ 0.04
T /I 72 35 (Achnanthes minutissima ) — — — 0.02 0.08 _
Feg #% B35 ( Chroomonas sp. ) — — — — _ 0.03

<=7 R <0.02.
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Fig.3 Spatio-temporal distribution of phytoplankton biomass in Yangzong Lake

(n=18,P<0.05) ; XF 3 MWK S AIRTEHR A0 22 538817 ANOVA K56, 25 0 /R 45 FREE P bR 1 25 A1 AR (L 25 S N
B (n=18,P>0.05).
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Tab.2 Summary of environmental factors of Yangzong Lake

EELAN I AR ERE HE N FEHR T AR e HUE
ki C 19.16+4.52 11.52~25.09 1/ (pe/L) 48.19+22.27 7.00~78.20
pH 8.46x0.55 7.35~9.13 45/ (mg/L) 18.37+15.81 7.43~52.90
WA/ (mg/L) 7.66+1.54 4.87~9.35 B/ (mg/L) 22.92+5.98 8.52~32.20
B /m 1.69+0.88 0.78~4.90 #h/ (mg/L) 4.99+1.41 2.24~6.84
MR/ (pg/L) 989.32+297.82  670.00~ 1830.66 #7/ (mg/L) 3.25:1.14 1.37~4.46
M/ (/L) 41.55:8.19 30.00~53.40 B/ (ng/L) 5.94+7.57 0.50~32.20
LG4/ (ms/cm) 0.360.04 0.28~0.40 5/ (pe/L) 2.79+2.22 0.25~6.80
#5/ (pg/L) 1.21+0.98 0.05~3.82

5 FHER R ) e AR Wi S RS IR T RO SE S 2 L, IR Ui AL AR W i S OK A pHL B2 I 35 IE AR G
(P<0.001) ; 57 i B EE (P<0.001) K4y HRANERE (P<0.05) 52 I 25 SR SC. ol 7 i o ik 48 A ) 0
TEUFAB VI v S A B SRR ELAE I ] BLA 35 10 22 53, WORE W 200 5 BR8] T B AT AR SR 2 A &
R, B 5K R  pH (P<0.001) K4 (P<0.05) 50 35 IE ARG Sl A B W (P<0.001) Kedi
KM (P<0.05) 5 I35 SR OG. fE R 5 i (P<0.001) LUK LS AL (P<0.05) 5210 35 IEMISE, T
545 P<0.01) Bk . pH i 480 ( P<0.05) 12 b 3 GG (B 1)

PE—2L R RDA 55 K5 PHER W B I P 5 M S PR T I 1 2 1) B DG 2R 1 e ) 2% BR35E X - 47 o7
(9 RDA 731, 25 R R WKL A5 il A pHL R 52 000 9 T AR D AR v 45 A 19 6 1 Ik 35 PR 5E TN 1 (P<0.05)
TR 2 Al B2 T KR pH KPS OHAR 5 > 2 35 BRI R 7R )| RDA 19— 25034 ,5 4
IRBE 7L R TIPS S5 AR LAY 57.18% . BB RIS /3 KT 0.6 ARl 5 38 AR BEIN 7R
8 RDA HEFFIE (& 4) , b 2 1 A0 2 SR T i i s a5 A (e iy 41.42% b 250 1 e T
26.77% , T4l 2 e T 14.65% . 45 R W PH S 6 07 e AR ) e v 405 K T 6 18] L g 728 A0 i B2 ] J R 7 s [ b
MR AR 2015 4F 4— 12 A B A RE AR 5 SR 200 S 2 224k, IR 2016 4F 2 H B i)
SRR R 1 AR, 5 A S A B RHE T IR [R]. 2016 4F 2 3 BORE R TE ERh 1 ek, Ak
BRI A 1 B S PR P A B B R AT OC ELAZ B K i S AR AR A 2. 2015 4F 6.8 10 H RE R EE
FIOLT A 1R A 2 A IR TSR 2238 ISk BRI I B AR R o PR XS R R KR
TR FRAER VR LA OC. T 2015 4F 4 F1 12 J] ARE SHRAL T 250 2 50 Al RV 4540 22
IR A Y AT A SR R
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Fig.4 RDA triplot showing phytoplankton community structure

and five significant environmental factors in Yangzong Lake
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Fig.5 Variation partitioning results showing the

explanatory powers of water temperature, calcium

and arsenic in accounting for phytoplankton
community changes in Yangzong Lake
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A5 e DA, TSRS 19 K i B 1 £ 43 DS P ) 0 ) A 2K 1 2 4, T AR LA 9 2 1 A
ST TRV AE BT 8 H (U T B T) T A A A T AT B K 5 B e B R R A
2 T, o T AR PR FLAE 4R S H L, B 7 43 L A A B LU ). B A B ]
A A K TR E S PR 10~20°C ™ BRI A AR TR /K R E 76 10~ 20°C (5 PRI Ay, A7 ) T FH 9 19 2
K AR FE TR A T, 24T WERGE T 1 B , HE0T T LA SR BOL IR F 8, AT LA
FREIEEH S A, AL 5 WA TR 54 6 TR IRIR A , SR 2 M4 R P i R
SR 2 (2 P A I AT S BB A K TR VAR FE A BESROA T° l SAE TT 5 J5E00
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