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Spring algal bloom and nutrients characteristics in Xiaojiang River backwater area,
Three Gorge Reservoir, 2007

LI Zhe, FANG Fang, GUO Jinsong, CHEN Jie, ZHANG Chao & TIAN Guang
(Key Laboratory of Three Gorges Reservoir Region’s Eco-Environment of Ministry of Education, Chongqing University, Chongqing
400045, PR.China)

Abstract: Cyanobacterial bloom occured in Lake Gaoyang, Huangshi Dailizi and Shuangjiang Bridge of the backwater area of
Xiaojiang River in Three Gorges Reservoir in late May of 2007. After the survey on the phytoplankton and water quality, it was found
that cyanobacteria dominated the phytoplankton, taken up to the 81.43% of the total biomass, among which the Anabaena flos-aquaes
was the dominance species. The heterocysts appearing in most species indicated that nitrogen fixation may occur. Low TN:TP ratio in
April was that the heavy storm may trigger this nitrogen-fixation algal bloom. Phosphorus limitation was another characteristic,
which is the result of the tremendous growth of phytoplankton. Lake Gaoyang may be the source place where algal bloom occured.
Cyanobacteria moved downstream with the water flows, assembling at Huangshi Dailizi, where algal bloom was more than that in the
Lake Gaoyang. As a result, total biomass and chlorophyll-a in Huangshi Dailizi was the highest among the sampling spots. Water
velocity in Shuangjiang Bridge was slower due to the enlarged cross section downstream, offering a proper environment for the
growth of cyanobacteria. Accompanied by the large amount of nutrients loads at Yunyang County, this may be the major reason of the
detection of algal bloom in Shuangjiang Bridge.
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PR Microcystis) MYRETR T AT RS . & 48, WUk AR e K02 o2 B i ik R K Ab B Y
— KM 5 — T, ZEEEAREA A E AT, BRI ROKEN R ER KA R
A B AL R ER T A2, BRI K AR 2 25 R SR AT, 2 AR S ok 1 80780 5 /K SR B BRI 3R T 20 142 70 4F
8, 2 80 4EACHSIA R P R AR (3% — B A IS A TEHHEAR T S, B AT SRR 2
T Aphanizomenon . fa R 38 Anabaena %5 )78 52X M (heterocy st) 2 W [ R M EZL I fir. fEELZ AT
FIHARWEZMET, SIEM Y E &5 (nitrogenase) BEAE L KA 43 T A(N,), W Hw Rl £ £ 1 i
H B KA ZLAY. RO RPN TN/TP HERBOCIE . R AR & &ah,
P R R A K S R BR B B 22 7), Smiith #2141 T TN/TP<29(F it L, T [R)SIA TN/TP<22 43 il 2 i
TR AN 7 U e AN AR TP IR BT 5 R B IR B A1), Hakanson AYBIFST LK TN/TP<15
VA i 8 T B A T AP, T Xie 25 (4 PRI BB 5 U A AR TNYTP AR 2 B U000 i K AR A K 1 4
B, IFIA R IX — A DG B AE FH T i B AR K AR 7 37 R3S (Hypertropic) A i e A K IR G 1. L 2 45
SR T I — A B T — O 2 (R EL 8 H RS WAT RN 563 . A mAISR LB Bt
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2006 4F 10 AJE, =Wk EZEKE 156m KA, #F AKEBTULRE S —S1 T B, X KRR
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WK R /NTL LK X B (TR /NI K XY F 4R KA, 5 7 16 H % 20 H/INTIK XA B B K
R RAE RIS, WS T 5 A 22 HIFEM, W iUseeRaEIRLE 5 H 24 HAETE 2 #HER, B
WA AR, JEERSEE 6 A ). BERT = WK FE R G K AR PR G HRAE 2 4 e A g a3
H.Z2 0 B KA AR SCA T e R /NI A1 K DX 98 70 A6 300 1) 9 90 M 0 A 20 BRI 5 4 K e a5
[R5 FE A BT KA R AT DA K s R I TE] TN/TP OB A8 A 2, 0 1 LB Sk AR A IR, IEXT /I
YL IRIK X K A2 ] A 4 0 5 PR 37 T fRT 40 #T

1 AR XS RN

11 ARREBERHEFER

INTFI, AT ALEh 30°49'-31°42', ZR4 107°56'-108°54' 2 i), WL R 5173km?, TR 4K
182.4km, J2 = JZE X B | IR i AR A R R Gl O SRR /NI R K X R A 4 T R
WL T 2006 4E4 2%, W/INTHIE 145m KA LR K X BE (44 20 40km) 435118 B 5 A8 5 RABE S R
T BHST L A BT AR/ ), SRS R 2 k. 165 10 B AE BEREEHU,
KRR R I CURFE SN, AR FHEWIT R, UK X R WK 04 B R 20k . 2R B,
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T AR S 01 S22 J5 F 48h N8 K.
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Fig.1 Sketch of sampling spots in Xiaojiang backwater area
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BB B ArE, HARTER AR K4 0.45um 1R & £F 2 U i g Ab 7.

IKIREE PR R WAL S AARTT LU MRS . TR A, B AMA A TR P Il E Ny Bl T
TKA R A5 Ny DA SBOR A ML A S YRR, FLIRT TS Ak | S i Pt B2 A9 v 1e) 7= NO M AR 1T
FEAS PR AR LR Sk, ASBFSE A KA IR A Ny LR S LA AT LAZIE AT A, TR
FYULRAA T TRR A TR A0 T AL B A IR A, RS Fakiikists, &
EWMAPE SRR T

(DSRZSATHLE(DON)= DKN-NH;-NP2, ()R 547 LA (PON)=TKN-DKN™;

(3) A TEHLA (DIN)=NH;-N+NO5 -N+NO, -N?224; (4) B\ 2 (TDN)=DIN +DON?224l;

(5) 54 HLAE(TON)=PON+DON24; (6) 44 %(TN)=DIN+DON+PONI?>-2*]
BB Z TR R T

()R ST (DP)=DTP-SRP*>; (2) kL A58 (PP)=TP-D TP

A $6 bR B9 AT IR 5 1252 K 5K PR 5 2 GE YRR Y POAT A A= 258 2 Wi 5 4>
B US4, AR EdE S A SPSS13.0 FEHEFARSCE 40 #T.
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BUIR | ZORBE A R A IR R R 22 e B AL A, AR R R 5 1] 25 JB 56 Fh(EASR), Hidp
TERETT 48 9 Flh, SR¥EI] 12 )8 25 Fh, BEBEEIT 78 19Fh, BT 1B 1 Fh, Bl 2 )@ 2 Fi

TKAEHE], £ KAk SRR a &N 52.36pg/L, TR 4a5 ) Jy 171.27x10%cells/L,
AYEEIE R 49.33mg/L(FE 1), KPR E a mm hIER AT, 55 81.69ug/L, MM AY#EIE
AR BN 297.52x10°cells/L, A=Hritik s 83.87mg/L. TEFFHFAEYIAIRE S S TT I, Wt G4 xt 158
2), 205 THIFE Y AN R B 83.56%, HTRUFHEMI AR 81.43%, HihukIEa R ECRIESEA, &K
BE Y A0 B R 110.28%10°cells/L, (5 45 SR AF 5 15 6 - X5 A 4% 10 77.06%, L FH W
30.88mg/L, i 45 RKAh S iE EOE I A MR Y 76.86%. TEINIZIHE & B/ B (R PRSI . AT
C B U I R AR ARBE T (RS2 . Bk rh 4R B 1 0 28 00 3 B B AR AP R K, P340
5 M 15.98x10°cells/L, 1545 RAE 5 AR e 4N 25 EE 14 59.83%, AR HE b 45 SRRk st S e L W 14 66.97%..
W R Ak K SR B] TR A W R R ) R A, (EAS SRR AR KR AR e e . E s
M, B P AR SEERM A FIEM, 2SR R4 E | aREEAEEEE. TR
PN A = A I R, R R B T LT, B L T U 38 K A Ay ] R K A

F 1 INLIEIK XK A ] P AR ) 2 B AT 2 R
Tab.1 Quantitive analysis of phytoplankton in sampling spots
during cyanobacterial algal bloom in Xiaojiang River backwater area
fik £ W% st . AT
P 2641 4493 11.73  0.24 0.07 4.85 1.46 39.73  10.18  0.11 0.02

KAEE Chla BEBE BEDE

Fil
AL 81.69 297.52 83.87 0.78 0.15 2230 6.78 27399 76.66 045 0.29
T
BT 4898 171.35 5240 171 0.25 53.00 1825 115.61 33.70 1.05 0.21
Kt

SEHME 5236 17127 4933 091 0.16 2671  8.83  143.11 40.19 057 031
* LK a 0 pg/L; MR BN x10%cells/L; AR AL mg/LORH).

300 A 100 ZE s
- 4k D 4t
P SeE i
3 S)5E:3 i 80 | =S58
S 00} SRS m§ e
X 60
P )
= =

a0t
525% 100 |- E
= # 90
0 A7

AT AT WA TR PIERES SATRET WK TR

Pl 2 /LIl 7 DX K R 0 ) 2% SR s PRI AL ) A e S BT 5 2R
Fig.2 Quantitive analysis of phytoplankton in sampling spots
during cyanobacterial algal bloom in Xiaojiang River backwater area
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B BUE ST AR Ak (pH=8.77).  H 8145 R FE 1 FR)Z 0.5m AKIRAL A /K F#EE T 14mg/L. ] 2007 4F
2 A% 8 HHAIAA T pH{E 310 7.74, DO F-H){E N 8.06mg/L AHLY, /KAEH[A] pH {EF1 DO 7K1 5. 4h
. B RAE B EELE 90-130cm 2], RZ R B B AT A RZETFAL, 5% 0.36m/s, HAMSRE
THIATE 0.11m/s 2245 (36 2).

IRAEHIR], £ 2RAF 5 TN SEI{E A 2450pg/L, [F] 2007 4F 2 A %= 8 A #HUKF A TN R BEE R
1400pug/L A EE, TN KB AR . A4 RS, BAMRZEFI9 TN & 555 (4040pg/L, 3 3). K RHFE A
RAEILAEHTRY, TON(DON+PON)Z TN M EEMMAFTEL, 44 TN 19 70.2%. DIN FH{E K 730pug/L,
R H K R AL 45 SRS DIN WS H4{E(1000pg/L) 22 F R, (HHAE TN H T ELF A 71. 1% =
29.8%. Hit, NO;-N 24 DIN () FEIRAAIE R, 5 DIN EHE T 67.1%, & TN FEH{ER 20.0%. NH;-N F
YW 200pg/L, 25 DIN FHER 27.4%, £ TN UL 8.16%(F 3). £ KEEH TP FH &/
(162 pg/L)F 8 HK BT A 25 R (S9pug/L)M A e, Horh a1 TP & imf s, PP 2R 1 FBAEAE
TERCEER 146pg/L, K 3), 76 TP 24 90.1%, HyK N DPCEIEN 10pg/L), 78 TP Wit b b BN
6.2%. SRP EHAIXHRAR, U d TP FHI & 3.7%. B0 2% 2 8] A ARNT H 5 [R5 R/K 50 2 235 SR L i
AR, PR DSiEHME R 6900pug/L, [F)%H HLK 5 8 24 H(6090ne/L) A I B AR 1k

R 2 FRBE SRR B Y LR

Tab.2 Physical and chemical characteristics of water column in sampling spots

FHER SIRCC)  KI(C)  pH{H  DO(mg/L) #E W (cm) TR (m/s)
15 FEST- 1) 34.20 25.90 8.55 14.34 120 0.079
wAaZET 31.00 24.30 8.39 16.30 130 0.363
WL FKAF 31.90 27.40 8.77 15.60 90 0.101
SEHIE 32.37 25.87 8.57 15.41 113 0.181

* BRFEEFEWHE KA F 0.5m. 1.0m. 1.5m. 2.0m. 2.5m. 3.0m 3t 6 5 20s BEm {8 A F
YIE; HARFEPRE/KE T 0.5m F/KEEN X (E.

3 ARMEREFRYAURENL: pg/l)

Tab.3 Composition of nutrients in sampling spots

KA NH;-N  NO,-N NO;-N DON PON DIN TN PO/ -P DP PP TP DSi

151 BP0 220 47 520 290 940 790 2020 6 11 112 129 5800

HANRET 240 33 380 670 2710 660 4040 7 17 268 292 6440

WA 130 35 560 70 480 730 1280 4 3 57 63 8450

S 200 38 490 350 1380 730 2450 6 10 146 162 6900
3 itk

ALK IXESRE A 4 ARIFSHILUG, 78 5 A e — 2 MRS P ik, Jf
165 A R AIE BV A K AE g AR 2 5 K. KM pH{E . DO, TN, TP 7KV G A, i
DSi T[] 5 KK 5 e 2 45 S AH L A B AR, 4 SRR AS TN/TP (9-F- 2 FLfE Ry 15.22, 3X[A] Smith 54
TR [ 8B s A E TN/TP <22 I A5 T AR K A B G AR — S0k 100 2 3 ) el i A 8 v [ 1
177 % (LOESS #L-E)%T 2007 4 3-5 H # MRS TN, TP, TN/TP [L{HFIM-44 % a 1928 fLid B AT
it (Kl 4). 2007 4F 3 A4, INTIUKIX TP KFEARAL, 5 45 HORFE S TP SEBMEACH 17pg/L, TN FH
824 1096pug/L, 53X —mHH TN/TP LARFRERS = 17K F-(TN/TP=65.49). A 4 Hfh)G, ARENHE
YR B A6 T e ARl /N [ 7K X P i 22 KK S 35 4 1 (TP S ME 91 pg/L), (B BAT W A8 Ak (TN “F 44 (E
1034pg/L), TP & B AYZEAR T TN/TP HAH W3 T FE(TN/TP=11.81), Bl R AKT Smith 4& {1
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TN/TP=22 5 3 i AR, i T /N IR AR B R =F A2 (1 0 T LR AT B = etk b,
DN & T AR EE BN 4 F R AE/INT K X O 5 A0, [FRUREE B R A X B = 34
BEF B AE R AR S ol HR G BRI MK AR, /T DK X 42 a {HBN 4 AR RAR(E(2.89ug/L)
HGEHE N S A 10 H ¥ HCREERY 27.05pg/L(E 4). SILREIEE, BIAKX P TN KE7E K i sl o 1
KA T B8 T, 1 TP KA FRE, {268 TN/TP /9 H(EZ %7 BT I 5 A8 19.76 iz 17+
F) 5 AK 32.74, T FEAEEE R SR TN/TP<22 By HLAEME . hth, 255 HEwod A 4y /T E K X
i TN/TP LR aF T R AL G e A 1, IR FEi 2 A B A Ky IR, ZE 4 B EUE A 7oKk TN & i
(R BE IR 2R 20 B K T TNVTP (9 AR, 28 ) P81 P05 T 058 2% PR AS T3 T R e A7 R k. DAL,
fIC TN/TP L v B2 00 o 0 e A A R B3R, e i 8 1) e 5 o B0 ) T SR o el A 1
JKH TN, TP AR B
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Fig.3 Composition of nitrogen and phosphorus

during cyanobacterial algal bloom in Xiaojiang River backwater area
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Fig.4 Regular sampling result of nutrients and chlorophyll-a

in Xiaojiang River backwater area from Mar. to May, 2007
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TEBEKAEN T — A5 R

MOKAR KA 23 (B 504 A, /NTLIRIK XK fd5 ™ B T B (4% R a S () 2B A AT AL, X
HRRZWE R 0.36m/s, J& = RFEA BRI, XLFAETRFREMNSE o S0Py Y s
22 TR AH L O 2R A0t O 29300 ARE AR ATA 1 AE Z A ETAN IR 225, 235 A Rk — B4 [l /N [l 7K X
FITTE R AL A R KA SC R, 8 B B /N IR K — A AR5 A AT B (8] 5), BKZ AmX e 2 —
FRRZITE 132-145m Z[a] (4 T0] R e sl 301, A48 2R R I(133-140m, VAl Edb) . W9 301(134-141m, ¥
FEREHD) K ERE(134-140m, YT 52D SR B T (142—154m, “F300) I (133-150m, ) b 4%, T
AT akm?® 247, Hod i AUR K A2 5800 6 Bt 1 AT, 92 M R A9 S SR I BHEIX . 156m
BRG] P B A8 B 1 R A B X T VR X GHER e T-45), IR L T /K i AU 5—6km?,
SRR 20m (0, B BHSE. MK AR 145m KL Nigf5ad, XA FEKEEEARE 10m,
TEVBRRRAE L T F oK. T e B3 1 D2 A 5 30— /N VL RSl R e 2 00T B, iR U2 o PH K
Wr—2R B e B, PR, K TE A w5 BH S B0k B T /N Il K X H B — A HL A B, —
J7 T, S K AR X BRI AR U e BH R AR 4 /0, X (A5 w5 BH S FE K 3 RRAE B A A sr, K ER
Bk A BT HABTT B, /N RIK AR S A X k. AR IRAEZE 2007 4ERKEIQ FHEF KIS
FR R ER LI B, = PR3- 2 440 0.09+0.06m/s. [, & BB PRI A=
KA T MRS WK J1 450, TRt Bk B3 R A AR SR L T st T R 5 e G i B R R E BT, 55
— 58, i P B X RGBTk HH b ()8 SR AR R B I o5 P E- 180 55—~
BERYKIR. ARJRG A 1 BRKIEMKA FBfT, & EEEK N B g, bTss
SRS, K& FEARTE, FEIFEAREEL, Nz IR A i RE, AR SO TN R K X AR
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PR b B W] ORI, AR LR TRIAR B SRR AL G 2 T T Ui UV R b 5 A= 1) 7K
He, SN LN 2R TR Ui T B K R TR A OR S B T SRR R A RIS, M R s B
Sl P HE TS 83— T B A 5 R T ARG B R, DT Ay L 90 O RS T R ) e R A T B A
KIRELTEL

4 4%

UK R /NI IR X TF 2007 4F 5 H 5 N A) A TSR, KA T B4 A A /N IE] 7K X g FH T3
AT . RUT KM =4k, AKAEIIA], #2830 5 17 25 J& 56 R (&8RN, Hrpiisvih o ik s 1 ik e
R, A RS 110.28x10°cells/L, SFH/EY RN 30.88mg/L. ik & Bk e P ff bk L
HSRIEH, BT LR 5 ek A6 A [ R AL S pe kAR,

3 XK AR R AR S B ] TN/TP LR 404 ] LB IR TN/TP LU W] REAR i [ A Y 08 e A
B RILRAIKAE, TN & AR AR AT B 590w 55, TON Bk A 3 e £ 2RI A, KAEE] /N
17K DX 2 LASIUREZAS B by =, IR 8 Pl B o) R 4 Al 2 e O i /K A 1) ) — A

T 2 Xt /N [ K X g2 5 S T8 B TR0 A 4 23 W 235 B N, 5 2 D 38 2 4 8 0T 5 S 0,
FEd K Wi AR ST BeAS B0 A RZE AL K R AR, X B A RS R Y I a H, BRK
b FJETEHEAE = ARAE PR, R — s AN JE AR SR B 1 37 . SRAE R i 2B R AR AT AL
TR 5 3 /K AR 0 B R 2 3 K B T AR, T A A8k Ry B VRS 28 i A 0 e B 1 AR A 1
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