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The mechanism for occurrence of Peridiniopsis blooms in the tributaries of Three

Gorges Reservoir
ZHU Aimin, LI Sixin, HU Jun, ZHOU Lianfeng, ZHENG Zhiwei, ZHAO Xianfu, DONG Fangyong "

Key Laboratory of Ecological Impacts of Hydraulic-Projects and Restoration of Aquatic Ecosystem of Ministry of Water Resources, Institute of Hydroecology,

Ministry of Water Resources and Chinese Academy of Sciences, Wuhan 430079, China

Abstract: Recent occurrence of Peridiniopsis blooms has become a routine phenomenon in the tributaries of the Three
Gorges Reservoir, however the mechanism under them is still unknown. In the present study, ecological surveys on
phytoplankton were intensively performed in the Peridiniopsis blooms occurring Tongzhuang River, then extending to the
main stem of the Yangtze River and 26 tributaries in Three Gorges Reservoir during 2009 to 2011. The results showed that
the occurring frequency, average and maximum densities, and maximum dominance of Peridiniopsis sp. were highest in
backwater areas of the tributaries in April. During February to April, the density of Peridiniopsis sp. had a pattern with
initial increase and later decreased at each sites in backwater area of Tongzhuang River, and the highest density of
Peridiniopsis sp. dramatically decreased from the upstream to the downstream. In 2010, Peridiniopsis bloom firstly occurred
in the upstream of backwater area of Tongzhuang River in February, gradually developed into the downstream, and

disappeared after a long duration. The occurring frequency, density, and maximum dominance of Peridiniopsis sp. in main
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stem of Yangtze River were far lower than those in backwater area of Tongzhuang River on the same seasons. Compared with
the year without occurrence of Peridiniopsis bloom, the years with Peridiniopsis blooms were characterized with lower daily
water discharge out of the Three Gorge Reservoir ( average values range from 4489.9 to 5623.3 m’/s) from January to
March, and with higher daily water level amplitude in January (average value is 0.148 m) and February (average value is
0.246 m) and daily water level lift (average value is —0.223 m). The results demonstrated that water temperature in
backwater area of tributaries from February to April was optimal to the occurrence of the Peridiniopsis blooms, indicating the
importance of water temperature triggering the blooms. The nitrogen and phosphorus levels were shown to meet the capability
of nutrient and life habit of Peridiniopsis sp.. It was concluded that formation of Peridiniopsis blooms in the Three Gorges
Reservoir should depend on the following conditions:; hydrodynamic conditions in upstream of backwater area, hydrological
conditions such as water discharge out of Three Gorges Reservoir and water level variation by changing flow rates in
backwater area and hydrodynamic conditions in its upstream to influence the occurrence, timing, extent, scale and duration

time of the blooms. Due to the effects by the different scales, the influence of same hydrological conditions of the Three

Gorges Reservoir on occurrence of Peridiniopsis blooms at different sites were not the same.

Key Words; Three Gorges Reservoir; tributary; Peridiniopsis sp.; blooms; mechanisms; phytoplankton
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Fig.1 Geographical distribution of sampling sites in Three Gorges Reservoir and its tributaries, and backwater area of Tongzhuang River
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Fig.2 Temporal and spatial variations of Peridiniopsis sp. density and dominance in main stem of Yangtze River and its tributaries in Three

Gorges Reservoir
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Fig.3 Temporal and spatial variations of Peridiniopsis sp. density in backwater area of Tongzhuang River in 2009 and 2010
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Table 1 N and P Concentrations in backwater area of Tongzhuang River and main stem of Yangtze River

2009 4 2010 4
] T ] (A iy A RUI}
2—4 2—4 2—4 2—4 A KA H BRRT k411 1a]
February February February February Before the During the
to April to April to April to April algae bloom algae bloom
FEAZL Sample number 68 8 19 5 5 10
TN/ (mg/L) S Average 1.847 1.930 2.066 2.159 1.901 2.162
FrifEZE Std * 0.744 0.394 0.505 0.140 0.171 0.600
TP/ (mg/L) S Average 0.095 0.116 0.157 0.146 0.114 0.195
brifEZE Std * 0.017 0.026 0.142 0.024 0.032 0.191
NH;-N/(mg/L) SEA4(H Average 0.096 0.092 0.314 0.239 0.203 0.393
FrifEZE Std * 0.052 0.023 0.125 0.053 0.054 0.117
NO3-N/(mg/L) SEHIE Average 1.465 1.526 1.501 1.681 1.487 1.496
FrifE2E Std ™ 0.165 0.057 0.312 0.032 0.157 0.359
NO3-N/(mg/L) SEHIE Average 0.005 0.005 0.008 0.005 0.002 0.009
FrifE2E Std ™ 0.003 0.004 0.006 0.002 0.001 0.006
PO} -P/(mg/L) SEHIE Average 0.074 0.091 0.076 0.109 0.092 0.083
FrifE22 Std ™ 0.040 0.017 0.043 0.049 0.051 0.042

# Std (standard deviation)

FEZE LI [ K XA VT3 =2 18], B 2009 4F-K
LTI TP ¥ FE B2 (P<0.01) & T3 HE ] 1] 7K (X
Gb, ZHZ BB SRR IE OB E 2 57 (P>0.05)

FEAEPR 2 8], 2 0] [B] 7K X 2010 4F TP NH,-N

HNOS-N He BB B35 (P<0.01) & T 2009 45, HiE
RFRJC .35 22 5 (P>0.05) ,2010 4E7K 46 i BLAT TP
(P<0.05) Fil NH,-N ( P<0.01) ¥ & it 2 Fidk 3% w5
T 2009 4F NO;-N ¥ 2 (P<0.05) ik T 2009 4E,
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Table 2 Hydrological conditions in different year from January to March in Three Gorges Reservoir

H 1 Month JK 3L 454 Hydrological condition 2005 4E 2007 4E 2009 4E 2010 4E
1 KA H AR IR BI{E/m 0.119 0.057 0.083 0.148
KA H FHEFBIE/m -0.009 0.012 -0.013 -0.109
H APER R IE/ (m®/s) 5161.7 4722.6 5396.4 4369.6
H H PR R {E/ (m®/s) 5147.8 4641 5397.3 5584.0
AT S B AR 2P HE/ (m®/s) -13.8 -81.6 0.9 1214.4
2 IKAL H AR P/ m 0.116 0.110 0.187 0.246
KA H AR EIE/m -0.001 -0.092 -0.139 -0.223
A AJEF B (m®/s) 4529.9 4251.3 4884.4 3674.6
H i 3 (m?/s) 4489.9 4872.5 6202.7 5623.3
AT S B AR 2P HE/ (m®/s) -40 621.2 1318.4 1948.7
3 IKAL H AR -/ m 0.135 0.090 0.156 0.196
KA H TR/ m -0.006 -0.063 -0.145 -0.179
A AJER R/ (md/s) 5668.8 4398.8 4561 4197
H PR R E/ (m®/s) 5662.9 4857.4 5831.9 5510.5
H PR i S H A T 3I(E/ (m?/s) -5.9 458.6 1270.9 1313.4

—WeIK PEK AL H AR (24 H s KA 5 AR K
iz 22) KA HFFE (B H 0 FKAES 24 H 0 Bk
2 22) FERESRKREAERZH FKRERERH Z
] A AR 40 22 T oK AR AF B2 [a] H 22 8] 1 22 S 35 T W]
SR (AR AR =K R S B K AL AR AT A 2010
452009 4E 2 [0],2010 4F 1 H .2 H =K ZEK AL

H 2% & (FH4{E 0.148 m ,0.246 m) .3 ( P<0.05) fll
W .2 (P<0.01) KT 2009 4 [a] 4] (SE441E 0.083 m
0.187 m) ,3 At #F 2 % (P>0.05), 2010 4F 2
H Zge K AR AL B THRE (CEME-0.223 m) % 2 3%
(P<0.01) KT 2009 4F 2 H (FH¥{E-0.139 m) ,1 A
3 ATREZS(P>0.05)(F£2),
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SR B Z WS AR ) A L, B ] Rl K X &
AN ARGy, Z oK 1—3 H H R A
AN 1—2 KA HASIE A 2 H KA B R (TR
K,

4 2009 4FF1 2010 45 EREK X (T —IV i)
IV ) £5 S U2 3% B 0 i) 5 4% 7K 3
M (3 2) AT Zon B A B 4, 45 3 T/ —
AN [A)AE B R ) — A B AN ] s 400 22 R 3 9% 2 A2 5% i)
TR SCE AT IR 22 ), T S R

3 iTFig

3.1 KSR 2 K AT i Ak

P2 HHE RS, TTE 10—28 CREE
i, Fed AR KK IR A 13—15 ¢ TR R Rk i
WA MR EENFZ —,12—18 C H B H
BAAK L 22—26 C £ KBS RN 2—3 A,
L REIEY VAR TN YN € Y
KW hmh 2 puZEiE s, =K KT
T e H: 26 4% S0 oA 8 15 X [ K X 481 22 R g
PR S35 (dRc k) 25 B Al RN 388 B 7R K IR B
()4 A KB, 16 26 253K X, 4602 i g g
FRERCH T — B AR RF IS (R T 20% ) (A
4 A BB — LRI i 2 L B R
(El2), HRAEKIR (10.1—18.8 °C) & 'H 2—4 A
BK AR50 ] Py K R E e (8 L 2
W) T K AE A KR S AR TR K Tovel
W AE W AR 15—19 °C R S 8 B e /K 48 | i 7E
SR IES WA MR oK 467 Hop sk fe
KA B BOK AR i o e A A K T B S
HoE w0 it i Al AR KR R 30—35 C,
KL K T KRB B 2 R A K R
R 10—17 € BT A R i R K AR R A K
M (11.0—12.5 °C )& FM 2—3 A2 i & |
ISR KL A A, XA KA R
W2 K IR A S 7E1E BL/K IR, DUIT K HE T 4% i
O AR OGAVEHRE T B, 20 A 7 o
FLA s SR B K s B A

BEAOKABIE T B DT AN i, KITHR
Ui R AR A T T 3 A K 5 K AR TR I RT 43 oM ARG |
ZH AR ETE IR K AR 4 A E
rBES U T S A T A R R R A 4 A K A

AT R RS TR | TR RS 8 Y SR R
LA IAE DX fir 328 T R A FL A 0 & Y L 26 SR
DUz LB, 1 A4 A3 23 250 12 45000
AEIL X TN T 7K i (4.09—11.29 C [ 12.60—
23.06 °C) Lt Il 7K X b i /K i (5.27—14.31 °C |
14. 90—23.50 °C )1 0.04—8.95 “C #10.21—4.30 C ,
FRIRIAT K A [R1K DX IS Y] R T ¥, 1 28 )2 7K 0 32
U R K TG T, E R K X YA AR R
MoK, IXFK B 45, — 5 A R TR e
G F S A S R R — IR A B2 I B
FE WK X _E i, BB /K R B, Y A DA R B
Koo T3 —J5 AR 4 Y AR R A X A XUE K
B2 R 2010 4F 2 B3 & B K R
SerE MK X E i B 3) | =k P e S &
] N AR K A 22 H g R H B FE K AR 24 1 LR ]
AKX b 37 B AR — R X 0517200y il IRt
1K XK 80 T SR RE Tk BBk sk R R K AR I
BRGNS 415 R AR 2 il
AR S R AN KR TR X g 7K Bl ) £ A i B 2
Bz AR1E
3.2 SWOKE SR K AT B e R
REFHFH NIRRT E R R KR LY
JRFEA T U R S A K A R R R
JUE  ZEPRAEAEEE Y, = WK 2 £ B VS KBk TN | TP
W BEABAR 2 5, O 38 PR AN A B SR A AR
AUBIME ), o & 2R 0 & K B 1 2009 4E 2—4
H WA AKX TN TP SEHIHBE (36 1) Ry [ PR
INEE FE AL B E A5 #E (TN = 0.2 mg/L, TP = 0.02
mg/L) Y 9.24 51 4.75 £, S H AR SL A EHFSE
BT E B FRARE (TN>1.2 mg/L, TP>0.11 mg/L) " i
1. 54 f5H10.86 15, Ok B & B FRRE, K EIE
BREE SRR IR, A Zon kB 0 E AT
N, BT [ K XU 22 S B 2 A7 TP sg i, 3
g IR ER S AR /N, B 2010 4E # JE 0] [8] K X TP
NH,-N ¥ B2 2 55 F 2009 4 (£ 1) , A—E J& 2010
AERIZ Y KRR R T B B s TR
B FA TG S MEIEAN T SRR R i SR dh i i, R g
A3MEFE R, UL PR RSB, ]
DA 38 18 0B A RE K AT AT 1 L &/l T g A G A
BB A RO g i 2R K R R R AT
B, WP B E SRR IR MO A K A A
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AKIZCTR L BeA, Y A P A A7 AR X T G R
B R AR EE Y L, BRI R
REEEE BRI, WAH KA EFRIT
EFRKAR B K AR B3 KR Tovel T, 7K
i RAF IR & B FRARRE T

2009 4FF1 2010 4F KT TR 2009 47 TP ¥ i
e S 2 e T R RS [RI K X Ah, 3 2 18] R ik G
2SR 1) (BRI TR Z B UK %
JEE RN AR B B MR 2 v [l K X (1 3) 7
K AT I B 26 37 3 R W T I [ K X
S E L S AT Y SRV EAE S SO IE S K
JE R B Syt Hoh 4 A Rl 2 H
X e K R R KA 45 4y ) A DK X
£ 0.68% .0.08% F1 11.88% (1 2) , [EIZK X H KT+
MEE AP ZH AR, FERKRE, Sk ES
ARG TG R o] it Y sl ik 3 R K A4 ) 338 TRT K X
SHBARARAAY 1—4 A SR K K R A TR
) 3.5%—17.8%" %" #PE [a] K X &A= 0 % F 3
IKABAEGY , =K IE 1—3 A HIE R EH BN TR E
A KARAE R [RIEE, 1 7 R 2 AR A H A8 R 2 H
KA HFHRE B K F AR & AR KRR R (% 2)
UK I B ) LK DX AR, K
BB TN RE S A ) 1 k-2 W 2 B TR 4 A E 6 1Y)
BRI B S A KD DU R I = R Ak B K
e AR R G B N TR R A K AR A
By 1—2 AR B K AR BT, B KA
PSRN e HE /0N, A R T 44 FS R K X
IO A AE 0K BN ) 45 ik S HL s B (R gk 4 22 W o
ZHH A K AL R I oK A, 75 WA F T 5 GBI AL
KA, DR, =K PR PR e dE K A D Bl A K SC A%
A3 e R | A R 55 R XK B T Sk F
J3E % 1m1 K D 3, 5 ) 7K A2 R A5 OE B, LA 1 B
HIL 5 J3E AR A [R] 5 451 22 R 8 K A2 1 s 1 1) 1
FREE VU B AN AERR A] 2 S i 2 K SR S
BRI T, BT RUKIX K sh 5 &0 s
i ] 2 5 D B =0 7K AN (] 7K S 4% AR JIT 8 Wil 19 38 3
RBEARTR] A F =0 K IAS 5] B 5 32 37 [l K X400 22
H SR K AR T BB T 2R ) B e oA — 2K, 40 2010 4% 4
HEERKAECHR (K 3) B TR MR R e
BANHE AR RIFERE K AR,
gt it TEZLAE b 5 07 W AR A )

SR HF SR RAE RN BED 5E | FEAR AT [F) 75 76 hi
PR 2 AL B, T R IR
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