5537 B 14 ) E &~ £ Eild Vol.37,No.14
2017 4F 7 A ACTA ECOLOGICA SINICA Jul.,2017

DOI: 10.5846/stxb201604200740

FHOT, BROUAR, B XUGEAR WA , XU , 5K A" I 1 5 % A (I 2 R e B i D8] 1 AR 25241, 2017 ,37(14) 14831-4842.
Wang J Y, Chen G J, Huang L P, Liu X D, Chen Q Q, Liu X H, Zhang H C.Spatio-temporal patterns and drivers of cyanobacteria blooms in Erhai Lake,
Southwest China.Acta Ecologica Sinica,2017,37(14) :4831-4842.

i 83 T 38 IR 2 B B =S R AIE e 2 Wi Rl F

FHEA L HEREADT AR R BRA, BAEE, B kB!
1 = B I K2 e Ui 5 i B e o SR M B P S AR b = A T S04 R 650500

2 hERFEBOR R AE MR 5 25 () e IR s % B 230026

3 s EREEDITIRE, B 650034

TE WA LR S IREEXT D AL AR 05 3l 0 Usk . B RS 52T & TR AN 2 SRR ELER — IR K1 T
AU E A S S IR R, AR BB A A D RE Y SR, Frh K AR R U A S R, BT S D R A A
V] P S G T St 2 | WA, s 5 A — B (L, 15 FHUC AR C SR T (0 R SF AR AR B AN PR AR (L T A AT 5T, OF
X CRE A 3 AN G AR T SR BEAT X He A, DT F S T 1 R 5 e A 1) T S 5 R A RRAIE , 1) 2
M A SR 25 ) e ], ORRM) B 300 SRS SRR W] TR e e Wy S A AT WL A 2 22 5 1 S B el v 220 S i e
L B WK AR IR Sk A iR, 2B A TR LY T 2 0 il 25 SRR SRR R A IR SR T i e AR i e e Y
EEBR SN T, M X F) R W) e 52 B K A2 B gl K B0 3 i K AR AL B SR, PR TR AR I B
R ACEFRER A A B PRI KL A R PRI W B I 52 7K A ) 4 o O T 0 B Ak S RN AT A 25 R 1Y
BT

KR DY R R 225 1

Spatio-temporal patterns and drivers of cyanobacteria blooms in Erhai Lake,

Southwest China
WANG Jiaoyuan', CHEN Guangji¢"*",, HUANG Linpei', LIU Xiaodong’, CHEN Qiangian®, LIU Xiaohai’,
ZHANG Hucai'

1 Laboratory of Plateau GeographicalProcesses and, Environmental Changes, Yunnan Normal University, Kunming 650500, China
2 Institute of Polar Environment , University of Science and Technology of China, Hefei 230026, China

3 Yunnan Institute of Environmental Science, Kunming 650034, China

Abstract: Lake environments and ecosystems are known to be sensitive to climate change and human activities. Erhai, a
large plateau lake ( ~ 250 km®), is characterized by complicated lake morphometry and has experienced multiple
environmental stressors ( such as eutrophication, water regulation, etc.) over the past few decades. These have led to the
deterioration of its water quality and loss of ecosystem resilience, where cyanobacteria blooms have frequently occurred since
the 1990s. To uncover the long-term history and spatio-temporal pattern of cyanobacterial blooms in Erhai Lake, multi-proxy
analyses of lake sediments from three different parts of the lake basin were conducted and compared. Based on the high-
resolution sedimentary pigment data from each core, we found that there existed a strong asynchrony in the long-term

changes of algal production among the cores. The significant increase of cyanobacterial pigments in the shallower southern
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part of the basin started from the late 1980s, earlier than those of the central and northern parts of the lake basin ( ~1990
and 2000, respectively ), with the whole-basin showing cyanobacteria blooms starting from ca. AD 2000. Furthermore,
minimum adequate models built to explain the changes in the pigment concentration in the sediments, suggests that climate
warming and eutrophication were the main factors that led to the cyanobacteria blooms across the lake basin.In addition,
cyanobacteria bloom for the southern part of the lake basin was also related to the water-level fluctuation, hydrodynamics,
and macrophyte changes over the last few decades. Overall, our sedimentary records showed that there existed strong
heterogeneity in the spatio-temporal patterns of cyanobacterial blooms and the driving factors also varied across space and
over the last century in Erhai Lake.. Therefore, taking the current global warming scenario into account, control of both
nutrient input and water regulation should be highlighted for ecological restoration and sustainablé management of

Erhai Lake

Key Words: sediment pigments; cyanobacteria blooms; spatio-temporal heterogeneity; Erhai Lake
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Fig.1 Site map showing the location of Erhai Lake, the coring sites and related water depths
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Fig.4 Sedimentary profiles of cyanobacterial pigments for the three cores of Erhai Lake

2.3 DI UTRYE SR TR AR URRE

R A ER VTR B FLE A (TN) & AR S UTR 4R 2 AR LA AR — B (R’ 5) . JbEb4l
FLIN 5 [ 1960 AEFFLEETN, 2.0 mg/g ZEAINE 7.0 mg/g 7247, Sl s ORI 50 1 1550 B EHIE
(r=0.931,P<0.001) , H#REFLARZ) 1995 4FZ /i TN & & % H FL B RS E , 1995—2005 4 [R] H BLEH 2 1) T+
=, 353 10.0 mg/g Ao RYIEEAE, 2005 4F 2 J5 SO — W1 T B34, 2008—2011 4E4EFFAE 5.0 mg/g ety
ST, SEROEE 0 1 150 BEAK (r=0.507,P<0.01) . IR EBEEFL TN & & 1960 4E 2 /i &
R HARE ,1960—1985 FFZZMEIEINE] Sme/g £47,1995—2011 4E 8N 2 7.0 mg/g 2247, S AR
A F 4 1 A5 B E A (r=0.656,P<0.001)

AL TRAFL AR (TC) & AE 1960 4F 2 A W] B 28 (b L& RABHIR CF IR 19.6 mg/g) , 1960 2

http ; //www.ecologica.cn



14 34 FHOT A R A R I S R S [N 4837

J5 RSN, TC B 8 AT — NI 3 5 A CPIME N 64.3 me/g) . HHERENSL TC & &1y b 2 4k
HPLAE 1990s #1990 4F 2 i & B 4EFE7E 25.0 me/g 24y, ZJA WK 2 10 4EHa] Y G T8 2 90.0 me/g
AeAT, 2003 4F SO B A R R (0 TC S AR . BN L TC & it AR Z) 1960 41 1 H IR HELE
BRI 75 1980s Ji5 AEFF7E 8 10 & B P 108.8 me/g) , KZY 1990 4E 2 J5 i B/ Y (2218 i T W (1&]
5).

TS P FLUTR ) I 4 /N (B B AR O 8—15 HAR b/, B & FL I C/N HfErE
10—35 Z [a748 4k RlnF e shd R, dLEBAEGFL C/N HfH 1910—1970 4F 18] 14 647 28 18 FR 4t R 21 2
47,1970 AE AT BRI B (R s, JFAE 1990 AR Z IS PR HFTE 14 2247, hEBEfL C/N HW(ETE 2000 4 Z i S A
PR¥RFAE 9 2247, K2 1998 AE LA THE & 14 2247,2000 4R J5 7 12 2247, AR FACH AN b B4, £l BE H0 A5 FL 11
C/N HABTE 1900—1970 4E[A]HEA Ky 10 2247, 7E 1970—1980 4F  1985—1995 4F W4~ if B M B i i T , ik
F| 30 2247 (IEAA, 1995—2011 470 M2 BRRFEE I BEAIC, T 2EH57E 18 A4 (KD S5)

b #

i FEHp
(EH-3) ‘ ‘ (EH-5) H (EH-2)
1 0-10 4080 4 8101214 1 0-1-2105090 1 5 9 81012141 0 -10 501001501 3 57 8 162432
T T

T T I T T T T T T T T I T T 1T T T T T T T T T T T T T T T T1T71 T T T 1
3
3|

2010 - =

2000 -
1990 - -
1980 [ -
1970 | -
1960 -
1950 f* -

4EA4 Year

1940 — =
1930 — u
1920 — -

1910 7L =

1900 L L - L

o AR TR 1F 5 o SR LDy o fRE
Cyanobacterial pigments PCA1 scores TC/(mg/gT#) TN/(mg/gTHE) C/N ratio

5 HENRYERAEZEPCA M1 BNEHRATELR

Fig.5 Comparison of sedimentary cyanobacterial pigments PCA1 scores and C N elements

2.4 IR AR SE AL R S R T

R TR i e R AR Y TR B PR 2 R IR B i FRATIAE A BRI K K ST B SRR A I L
P 5 VTR YA R AR 5% X OB RN AL R 38 LR B AT ST 1% RDA 23, i0F— 25 1 7 2985 780 Jr 22 43 At
ZE L RIAEL6) ARSI ZEAGHR iR e 0 R A AR b 1) B E B R 38 AR TN, o, AR TN 4
A SE AR T LRI s e 0 E AR Y 55.7% 13.7% , & LR T 8.4%, 52 ML, IR TN 40 51
N7 R TR A i R AR 38.3% 15.3% , I E L FIERE T 12.2% , SR R A LI S B B
AR TR C/N HUAE SRR TN T 3R 3 pig 5000 20 8 (3R 5 ARk Y 3 A R BRI, Hp ¢/N
LU R0 ST R T R I 2 S (LR AR AR Y 15.2% , KRN TN 43 3B T 10.7% ,9.2% , b =R Al TN 2 [
fERET 13.0% H 2 AR AR RERY LEAF] (50.0% ) 15 T B AL B X (4390 h 34.29% F1 22.2%) , $5 7~ T K31t 4
T R A AR AR R A AR A S X O A AR

P T R S WA A R L2 KA R R A AR M e R A KA AE A X TR €0 3 B A RN AR AT B 5 i) 4
1950 41 22 & B 7K At W £t (1 2) il 235 e 3 B L A DT R ) 0 8 (0 R B AT T AR S bE b, 25 SR R I B 2
] JC 4 3 A SE S R (P> 0.5) , B T /KRR IR 5 7K A AR A XU AR 4 i 38 € 38 A S i 40 A BRI

http ; //www.ecologica.cn



4838 A E = 378

L 1951—2011 rhEg 1951—2011 R 1951—2011

R = 22.2% I = 34.2% FREAE =50.0%

Ele6 EERBRTUNEARIRESHEIBER

Fig.6 Summary of variance partitioning results for key environmental variables included in the minimum model at each site
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