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Expansion and drivers of cyanobacterial blooms in Lake Taihu

ZHANG Min, YANG Zhen & SHI Xiaoli
(State Key Laboratory of Lake Science and Environment, Nanjing Institute of Geography and Limnology, Chinese Academy of
Sciences, Nanjing 210008, P.R.China)

Abstract: The diversity in proxies and drivers of cyanobacterial blooms expansion increased the confusion of understanding for cya-
nobacterial blooms expansion to scientists and lake managers. This study integrated the previous studies about long-term variation of
cyanobacterial blooms in Lake Taihu, and divided the expansion into three aspects: temporal expansion, spatial expansion and bio-
mass expansion, and discussed their trend and drivers. In time, the occurrence of cyanobacterial blooms shows the trend towards
spring and autumn/winter from summer. The onset time of cyanobacterial blooms advances, and the annual peak delays. In space,
cyanobacterial blooms expands towards center and east of the lake from the north and west. The cyanobacterial biomass increases
gradually since 2003. Wind speed and sunshine hours are the primary factors influencing the temporal expansion. Decreasing wind
speed and increasing sunshine hours favor the temporal expansion. The drivers for the spatial expansion are relative complicated,
and difficult to disentangle the primary factors from nutrient and climate variables. Generally, the occasional large-area cyanobacte-
rial blooms are driven by wind speed and wind direction, and the frequent large-area blooms are driven by nutrient. Total phosphor-
us is the primary factor driving the variation of cyanobacterial biomass, following by the ratio of total nitrogen to total phosphorus,
underwater available light and wind speed. At present, the cyanobacterial blooms area and biomass usually are used to indicate the
blooms intensity, both of which are inaccurate due to the defect of methods. Their proxies are reliable for long-term study, but seri-
ously affected by defect of methods when they are used in short-term study. Therefore, it is necessary to build a new proxy as a sub-

stitution for bloom area and biomass to show the total cyanobacterial biomass in the whole lake. In addition, reducing phosphorus
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loading and decreasing phosphorus concentration are the main task of controlling cyanobacterial blooms in Lake Taihu.

Keywords: Lake Taihu; cyanobacterial blooms; nutrients; climate variables
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Fig.1 The relationship between biomass and chlorophyll-a concentration in phytoplankton of Lake Taihu
(Color bar indicates the ratio of cyanobacterial biomass to total biomass;
The data is from Taihu Laboratory for Lake Ecosystem Research, TLLER)

2 KRR MY KES

2.1 KHEE K AL B B a4 Sk A B

TERBRAE AT 5, A X IR 2 B 5 A a3 2 TR A 8 o ek 15 /K #8692 K B 0
I ) BT , I — 2B AR T 50 2 1 9 /K A L F S O 0 5 0 A T W S K A B 1 R A B 7
13 F 00 20 JLAR ] IR R R4, 1987 — 1997 4E[1], 15 WK 01 1h & P AR AR IE )5 , PB4 RE IR 5 K,
i 1997 — 2009 4F[i] , 5 6K 4046 % A I RZAE ST, V- AR ATZY 10 K> ,2000 4E LS 5 3K 42
YA I TR A e 4 7300, TR & 3, B 2005 45 LS , 7K H6 5 6 DA R A A= K 300 ) 0 ok #6  v R A
Jr e R s (i) B 4T 2005 4F LLFT, Rl 2 7E 2006 4, WE IRBE IR kA AR 9 K. 5 B /K AR (45 B[] )
FPUA B E RN, 1998 4F LURT A 5 ek A2 E R R R AR 6— 8 A RIS A 6, T 1998 4F LUF 5 i /k 48
KA A G IFAER N F) 2005 AE LU FRAEA 8 ~ 10 A H AT L& B 15 K 4R 19 & AR 2009 — 2011 4
IF] , 35 9 K A A A S T DL BV 7 & 2R SR Bl i TR 8 IR IQUR A /D i (i K A B AR X e A
Z KR BT MBI , 22 0K 2 B A 17 AR it 0 8 0 , 1) 32 LA 3t X /K A 5 e AR i 1o L 0 1
2.2 KK LR A kR

1950s AW 4 385 37K SR AN L0 LI, 1960 H 301, 78 3k 385 RS /K ST 8 HH B0 o /K 4, 1970s F 91 76
LB AE R 7K 4, 1980s I 1A, T LM FIME GRS 204 2/5 W X A54F 5 28 K 4, 25 1980s K HA , M5 21 110
3/5 KR AT LR A A [ PG 30 X T UL K A, 1990 Hh 0, 5 9 /K A LT 35 4 MR )
A2 LS G S T X I 0 X R A K A 72,2000 4490, AT A PG G I X, A A AR T L A |
TV IV S X A O S A T DL K A DX, o KT TR ARG 25,2010 4 LS K 5 K AR —



kORE . RPEEKRENT RSB E E 339

A 1) WO AR SR DX i, 2017 4F R 8 oK A R AR B 28 Y WAL — 2 22 4. AE2s IRl or A B, Kb
WK AR R Y SR ZE DT T — A AL X A ARV 0 A2 LS T W B TR ) VA 3 090 DX RN X, 938 4 1) Z5 380
X &5 JE (1 i .

AR ST A B K A I TR AR 22 3 TR M LI (3 85 SR T 56 T A i s K R AR Sk s
AFFEC Y R A T TURE RO IR G AR TR R R AR VORI K R R R R UA T 1987
46 R TRIL 62 km® 2 J5— ELF 2000 4F, /K468 55 1 BLER JE AR 2 35 73X — /K-, 2004 4F LU, i
KRR B Y 3, 2004 4F fiz KT B R 197 km® | 2005 4 317 km®, 2006 4F 4 806 km*, 2007 4 979
km®™ " 2007 4F LS5 AWK AR T BUE BT [, (EAH He 2006 4F LRI AL T 80w K, A BIAE 47 2
FHREBKAL LA, 4, 2013 4EF AR AT FIZY 989 km® 2016 4F 702 km*,2017 4F 1150 km®. 2003 — 2013
AR SCIAAE SR K AE TR 115.91 km* BN %) 167.77 km*"®).

2.3 KERKENEYEY KD

TR AT K A A e ) I AT B3 DA i i) RUBE AR 7 25 4 W M ol (57 R 8580, B iAok WA
T T N Zs RUBE B Wa I 45 5 D0 1 & 32, R 0GR A= W i A8 AL e 5 i A 9 38 8 AR v R ) IX B
SR X 2020 A b, MR 4 28 M B I ST SCR, T TR SR BE S R I K A S R AR R
P BT, R AR TR B Y R I IR BN a0 AN AR R Co K AR R AR A B R i R B
T T PG X, AR E] L, Bk A& ook AR s T A Wy i 3 in o 3 (R 2).

FE2S (8] b MPRTE 1997 AELIHT, MR 3 a Wk 22 BB B 1 T e 34, 1997 — 2002 AE M4 K a W 2
TR, 2003 — 2008 AEARFFHINTHA T , 2009 4F 2B 1 B 2009— 2012 4F% 4 F e, 2012— 2017 4F 5 A7
K e 1 A (P 3) . RO DI L 1998 4R LU IRFFIZ A4 THRE 3 R 300 DX 2016 477K B KT B >
PUJG /KA 20 )t 2 I 8 P s e 3.

FER ) B, AR R 3N R BRI B ARG N, 78 2007 AR LLAT, KA 1y i (R R A 7
A7 2008 LU, 7 A WA RO T RORIGEE M /KT, B Ak 23, e BAE 8— 9 A, Z )5 19 10—
12 F A Wi B kv 1 7 s IR K

I KA T R AL By o R AE (0 BE K AR I 7E — e R B FLUA — 30ME , (AR T AR I e B B R TR) 45
PRI W J AR 25 57, A 1o AR 9 0 DX 3 ) T s/ A 1T R 5 IS 36 a VAR JEE (R EL 437 T LA & B, 2007
AR 2011 AR TR FR K A, Fistsd 7 174 i 35 A6 ) et s Ve 8 B TH AR Tk 9 R B2, 177 2003 4111 2009 4FAE ) &
AR (RIS SR AR T AR A BB AE Y R 0 ik B (B 4) . 3R 22 ] E 2R T A RICHE bR 45 A
B , B SEXd TR ST, BAR K SR TR BB A% B W ol 22 1Y) 2 (6] Z3 A, (HUR S TR [R] IX gk 42 S ] 6 3K
B, G, R B AR BRI T R A B HUOW T A B, XA FE AR R I TR W AR BB SR
T VI 52 SR s A B B, TN SRR X K AR B A IR 4 25 (0 AR ) B s AR v, T RSRAPE I T K A
A B R SRR PRI, BN D R AR AR A T K A ok A A B 1) RUEE b BERS I WK AR 5K 1)
AR RUE & 0 LA P AT (] K A 1) 22 55 00 T BEAEAE A58 K11 [m) AL, -G 28 J S i R I 70 W i 225 SR A
KA A RERORY , AR [) B ] i R By R K AR SR A AR IR LU (R R T 1]

3 KMER KLY IKBIKBNE R

3.1 KM S S K AL R B 18] 3 S OR B B 3=

KW 25 20 Z24F i K AR (R A I 18] A P55 3 BE XU | Y R A i) R A o 0 S e B8 25 e AR AR IR )
ARSI BE HAT 35 AR O, 5 B IR R DA S A T A58 B (0 A8 A0 O AR S W o K AR Y R 8 e 1) A R
SURALAIN T A SE SRR IR RN B3 T 2o MR A M ol LUA B, e W w8 SR = T
IE 20 A K AR B A K SR B2 A A TR 1 B S I DX T IR ) 2 A K AR Bk 32
BT XIS HTERE 1 84.69% 14 K HEA U S A I () B T, 58.99% B i 7K AR AT P R 65 I [ S < 1478
A ARG SRS R K 1 R 5 345 il S 25 012 39 1 38K S e ) K L KR KA T, KU 5 3K
PRIEE A3 1 Bl PR 1, XU ) R AR 33 R MR OB RE 1, 10088 A R oK AR R B 07 O R T K . 3
25 60 4 (1956— 2015 4F ) KA XU 225 R, AR 3 m/s DUR B WG 7 U In f 25 (&1 5) , TR ik —



340 J. Lake Sci.(#3a#3) ,2019,31(2)

1# 3# 4#

5% 6* 7*

8t AR

lg(M-4k % ale )/ (ng/L)

—=1993-19994
—=2000-20074F
| —=2008-20154

31°30

31°0

I3 5 7 o 10 1 3 5 71 9 nj 1200 120°30°
P 2 RIS T B ) AN [ I ] B4 3R a YR 912 H 22 1k
(CH T AR AL 53 A1 T B U8 T R A A 2 R eI e ik )
Fig.2 The monthly variation of chlorophyll-a in different sites locating in Meiliang Bay and lake center of Lake Taihu
(The map in lower right corner shows the location of the sites, the data is from TLLER)
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Fig.3 The trend of annual averaged chlorophyll-a concentration from 1993 to 2016 in
Meiliang Bay and lake center of Lake Taihu ( The data is from TLLER)
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Fig.4 The difference between standardized cyanobacterial blooms area and chlorophyll-a concentrations

in Meiliang Bay and lake center of Lake Taihu ( The data is from TLLER)
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Tab.1 The proxies and divers for cyanobacterial blooms expansion in Lake Taihu
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