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Succession Pattern of Phytoplankton of Daning River in the Three Gorges

Reservoir and Its Driving Factors

ZHANG Jia-lei', ZHENG Bing-hui’* , LIU De-fu' ,WANG Li-jing”, TAN Qian-ru'
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Environmental, Hubei University of Technology , Wuhan 430068, China; 2. State Key Laboratory of Environmental Criteria and Risk
Assessment, State  Environmental Protection Key Laboratory of Drinking Water Source Protection, Chinese Research Academy of
Environmental Sciences, Beijing 100012, China)

Abstract: To elucidate succession pattern of phytoplankton in the Daning River and its driving factors, multivariate statistical analysis
was conducted. By using the monitoring data in different seasons of Daning river during April 2012 to January 2013, this paper
analyzed the succession pattern of phytoplankton in the Daning River and its driving factors in typical tributaries of river-style
reservoirs. According to the characteristics of water level, the operational period of the TGR was classified into following four stages:
stage 1 (pre-November-April) , stage II (May-July), stage I (July-September) and stage IV ( September-November). (DThe
results indicated that the values of Chlorophyll-a concentrations and algal density showed similar seasonal variations, with the highest
values occurring in stage Il , followed by stages IV, Il and 1. Succession of C-R-S growth strategies was the same generally: CR-R
type dominated in stage I, CS, CR/CS and R-CR dominated in stage Il , Il and IV, respectively. @The mean values of Margalef
index and Pielou index in stage IV and Il were significantly greater than those in stage II and I ; the value of Shannon-waver index
showed that the highest value in stage Il , followed in a descending order by stage I , Il and IV ; the successional rate had the highest
value in stage IV, followed in descending order by stage I, I and II. 3 The results of Correlation analysis suggested that no
significant relationships were observed between the environmental parameters and phytoplankton abundance in stage 1. The results
indicated that relative water column stability(RWCS) , index of feasible energy for phytoplankton ( E,) and index of feasible energy
(Ef") were key regulatory factors for phytoplankton community in stage . The results indicated that £,, Ef* and total phosphorus
(TP) were key regulatory factors for phytoplankton abundance in stage II. The results of the redundancy analysis (RDA) suggested
that RWCS, TP and the ratio of euphotic depth [ D, (A, ) ] to mixing depth (D, ) [ D, (A, ) /D, ] were key regulatory factors for
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phytoplankton community composition in stage II. The results indicated that Ef* and TP were key regulatory factors for phytoplankton
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abundance in stage lll. The results of the RDA suggested that [ D, (Apy ) /D, ], E,, Ef* and TP were key regulatory factors for

phytoplankton community composition in stage Ill. The results indicated that TP was key regulatory factor for phytoplankton abundance

in stage IV. The results of the RDA suggested that [ D, (A, )/D,; ] was key regulatory factor for phytoplankton community

composition in stage V.

Key words : phytoplankton ; succession pattern; driving factors; ecological functional groups ; Three Gorges Reservoir
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Fig. 1 Locations of sampling spots in Daning River
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Fig. 2 Spatial-temporal variations of chlorophyll-a and algal density in the Daning River in different hydrological periods

/KIS, Chl-a Vi 2 F1E i AF ) 40 B0 25 B2 52 R R
FEE2Y
2.1.2  AN[RJZKSCHABEZR BORE TS 45 R T LA

2012 AF 3% R AT Y I WP AR AL M 0 5 2R R
W, RN WA A ) 8 TS (BT,
FTLREBETT . BRBEl] ., W] BRERETT . el A
BT )R, b R o 5 B SR B ] L Sk
CIANBRAETT, 20 5300 22 J& | 16 J& A 13 &, 7050 b A
JEEU) 30.99% | 22.54% F1 18.31% ; HKJ& W
(IR BETT, 32900 7 J& , i B JE ARG 9. 86% 5 K]
AR, RIBEUY S 63% 5 AR HE]A 1
J&, b SR 1. 41% . WA e 25 R R REEE
I IETF IR Rh L R P o 2 R LU ), LR S
VM BETT. O e 28 BE AR AR & b T o5 19 e
A, I ELR AL FEAT it ARG 25 B HE P b 02 81 5 — Y
BEJE 10% 0o DL s, B R LAY 10 S de)m N2
A Ay e N BB ( Cyclotella ) . A W
( Chlamydomonas ) . S ¥R ¥ ( Pandorina ) . %5 BR ¥
(Eudorina) . 2L ( Euglena polymorpha) | BPIE
K3 ( Cryptomons ovata ) . G W 3 ( Pyrrophyta
gymnodinium ) . 1 & ¥ ( Microcystis ) . i JJE

S

(Anabaena bory) . “F-343 ( Merismopedia ) .

T AR R B SRR TR AT R
VAT U

(1) 3 7R 1 AR K SCHA P i A ) P R 25 4
AR A . KA T CREET]) -7 I (ke
TSR] BREET T ) TR BT ( DARESET] , 2R3
T BB ) -B A A R = (LARE#ETT
SRR T A

(2) Nz 1 Frzs  WF 5T a) , & B 45 Ko R AE

O akder) = il (N &) EEEEEER WO KT)
R W) Baader] ]

100

V777777

90
80
70
60
50

40

PSS M %

30

20

K3
B3 KTANRERGFFEENTHEEAN

Fig. 3 Monthly variations of structure of phytoplankton

community in the Daning River
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Table 1  Seasonal variation of species diversity and succession rates in the Daning river
TH 28 I I | v
H, HH 1.34 £0.05 1.39 £0. 60 1.58 £0. 83 1.71 £0. 65
AR A Bl 0.63 ~2.69 0.51 ~2.50 0.43 ~2.84 0.80 ~2.52
B HE 0.33 £0.04 0.36 £0. 55 0.87 0. 19 0.85 £0. 16
AE Ak Bl 0.05 ~0.91 0.58 ~1.20 0.12~1.19 0.55 ~1.00
o HE 1.24 £0.02 1.11 £0. 48 1.31+0.73 1.11 £0.45
AE A Bl 0.31 ~2.02 0.41 ~1.89 0.21~2.36 0.59 ~2.03
- H{E 0.31 £0. 15 0.071 £0. 05 0.34 +£0.25 0.40 £0.30
AE Ak 0.08 ~0. 55 0.04 ~0.17 0.05 ~0. 74 0.08 ~0. 88
F2 RTASRERARRMERLDIRANETEELRE
Table 2 Succession series of phytoplankton functional groups among sampling spots
V€ St s2 S3 s4 S5
| B/P/] B/W1/LM/G B/W1/LM/G B/LM/W1 B/D/P
| P/LO G/P/B/W1/ILM X2/LM/W1/X1/MP/D LM/B/MP/W1/F X2/LM/MP/W1/W2
I B/LM H1/LM/MP LM/LO/MP/P X2/F/LM LM/G/X1/X2
v B/J/G LM/ J/MP B/G/LO LM/X1/H1 P/B/LM

2.2 R[RIKSCHAPRIAA Y A B 2 R AR
AR SO 2 A B ARAE i T AR R an 4] 4.
() BKp s T B T af ¥ {E, RWCS
TE 4 DR SC T ik, 2B B (4,12 £4.18,S5)
~(93.75%92.39,81) ;[ D, (Apyp ) /D, 1 TE 4 K
SCIA T ], AR AR Bl (2.57 £2.72,81) ~
(4.76 £3.12,82) 5 E, 7£ 4 DK SCHIRRAR, AV
J9(82.64 +17.57,85) ~ (173.31 + 180.20, S2)
MJ-m ™5 Ef* 7€ 4 AD/KSCHIA T, A2k
(2735.99 + 3019.24, S5) ~ (10388.50 =
19787.85,82)MJ-(d-m*) ~'; TN ¥ EELE 4 DKL
WIA-F el AR JE RN (1. 33 £0.03, S1) ~ (1.53
+0.05,S5)mg-L~"; TP #ELE 4 /KA T
6], 25 K3 4 (0. 02 £0.004,S1) ~ (0.08 0. 06,
S5)mg-L7".

(2) MK TR E] Y, RWCS 7 4 4
IR SCHHA F Al AR ARYE R (77,75 £22.00,S5)
~(240.74 +£30.40,81) ;[ D, (Apy) /D, J1E4 A
IRICH B e, 2B AR YE LA (1,17 £0.99,85) ~
(6.56 £4.36,S81) ; E £ 4 DK SCHAAN T a], 48
A7 BBl N (114.85 +96.16, S1) ~ (174.98 =
152.24 ,S3)MJ-m *; Ef* 78 4 /K SCAF e,
A5 Ak 75 Bl M (2386.18 + 1958.51, S5) ~
(4449.54 +5954.07,83) MJ-(d-m’) ~'; TN ¥
FETE 4 ADoK SO B, A8 AR Bl R (1,36 0. 03,

S1) ~(2.04 £0.36,S5)mg-L™"; TP ¥k & 4 K
SO, AE AR Ve A (0.02 £ 0.004,S1) ~
(0.147 £0.05,55) mg-L"".

(3)TRFRE  FEFHIESEE, RWCS 74 K
SCH R, AR AR VI LA (127.41 +93.02,85) ~
(268.17 £83.39,S1) ;[ D, (Apy ) /D, 1TE 4 DK
SCIA T ], AR AR LY (1.50 £0.48,84) ~
(2.32£2.06,85) ; E, 1 4 7K CIA-Fa], 284k
JE S (128.36 +7.78,S5) ~ (356.90 +12.89,S3)
MJ-m ™ Ef* 76 4 DK SCHI B, A2 4B 75 Ry
(3168.71 +3824.84,S5) ~ (8264.18 +9892.53,
S3)MJ:(d-m’) "' TN ¥R EEFE 4 DKCHIA Frp
&), 2RI A (1.23 £0.02,81) ~ (1.57 0. 19,
S5)mg-L~"; TP ¥EETE 4 /K SCWIA T rp 1A, 224k
JERE M (0.017 £0.004,S1) ~ (0.117 +0.06,85)
mg-L "

(4)F/KE FETHEPEYE, RWCS 754 K
SCHIA T E], AR ARV R R (16,38 +11.04,S5) ~
(157.77 £19.17,81) ; [ D, (Apyy ) /D, VTE 4 DIK
SCHIEAR , 2 AL (0. 35 £0.21,92) ~ (0.71 =
0.50,83); E, 78 4 /K SC B, A8 e Fl oA
(174.78 + 18.34,S5) ~ (261.77 + 81.33, S2)
MJ-m ™5 Ef* 7€ 4 7K SCHI e AIG, A8 1k 95 [ Ry
(1224.86 £332.43,S1) ~ (1751.27 £234.05,S2)
MJ-(d-m’) "5 TN ¥REETE 4 D/KSCHIERAR, 2103
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Fig. 4 Spatial-temporal variations of habitat characteristics in the Daning River in different hydrological periods
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Fig. 5 RDA analysis results of common species and environmental parameters during

different periods of water level and inflow discharge of the Three Gorges Reservoir
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