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Temporal and Spatial Distribution of Environmental Factors and Phytoplankton

During Algal Bloom Season in Pengxi River, Three Gorges Reservoir

ZHOU Chuan'?, YU Jian-jun'?, FU Li'?, CUI Yu-jie’, LIU De-fu’, JIANG Wei'?, Douglas Haffner'**,
ZHANG Lei'**"

(1. College of Resource and Environment, Southwest University, Chongqing 400716, China; 2. China-Canada Three Gorges Reservoir
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Region, Ministry of Education, Three Gorges University, Yichang 443000, China; 4. Great Lakes Institute for Environmental
Research, University of Windsor, Windsor, Ontario, N9B 3P4, Canada)

Abstract: Planktonic algae and Related Environmental Factors were monitored during the period of algal blooms season in 2014
(Spring April 17 and summer 27 July) in Pengxi river, Three Gorges Reservoir. Mathematical statistical tools were used to analyze the
community structure of planktonic algae in Pengxi River with its environmental factors. The results of sampling in spring showed that
except the estuary site, S1 and the site close by, S2, the waters stratified, but without epilimnion, only had metalimnion and
hypolimnion; the upstream sites had larger temperature difference between water layers than did the downstream ones; from all the 8
sampling sites from estuary to upstream, water depth, and the temperature, pH, conductivity, dissolved oxygen, chlorophyll a, TN and
TP of the surface layer (0-0.5 m deep) were significantly different (ANOVA, P <0.05). 25 species (genus) of planktonic algae
were identified. The abundance of species ranged from 2. 76 x 10* cell-L™" to 145.8 x 10* cell-L™". Ceratium hirundinella was the
main dominant species, and Anabaena sp. was the sub-dominant species. Algal bloom in upstream sampling sites S7 (63. 4 x 10*
cell-L.™") and S8(145. 8 x 10* cell-L.™" ) were relatively serious in spring. Temperature of water, pH, conductivity, dissolved oxygen
and NO; were the key regulatory factors for phytoplankton abundance based on redundancy analysis (RDA). The results of sampling in
summer showed similar stratification trends among sites; the depth of the same 8 sampling sites, and their surface layer’s temperature of
water, turbidity, redox potential, pH, water depth, conductivity, chlorophyll a, NH,” ,NO; ,total nitrogen and total phosphorus were
significantly different (ANOVA, P <0.05). 46 species (genus) of phytoplanktonic algae were identified. The abundance ranged from
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9.56 x 10* cell-L ™" to 278.88 x 10* cell-L™".

Phormidium sp. was the main dominant species, and Anabaena sp. was the sub-

dominant algae. Algal bloom at the lower part of the river, S2 (216. 44 x 10* cell-L™") , S3(278. 88 x 10* cell-L ™" )and S4 (108. 12

x 10" cell-L.™") were relatively serious in summer. Turbidity, depth of water, TN, oxidation-reduction potential, conductivity and

dissolved oxygen were the key regulatory factors for phytoplankton abundance based on RDA. Stratification had important effect on algal

bloom formation.

Key words : Pengxi River; algal blooms; stratification; phytoplankton; environmental factors; RDA
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Fig. 2 Vertical stratification of water temperature in Pengxi River in springand summer
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Table 1  Variability of environmental parameters ( mean +sd) at different sampling sites in spring in Pengxi River

WH LR/ C UE/NTU ORP/V pH H S/ uS em ™! DO/mg-L"! K%/ m
S8 21.75+1.10 13.93 +2.30 0.08 £0.04 9.00 £0.28 607.48 +10.58 11.53 £0.47 22.59 £0.83
S7 21.38 +0.88 10.61 +0.27 0.10 +0.04 9.17 +0.24 592.11 +7.23 13.86 +0.20 26.40 +0.57
S6 20.07 £1.32 8.39 +0.16 0.16 +0.03 8.80 £0.42 547.03 +11.36 10.39 +0.86 21.29 +1.00
S5 21.30 +£0.98 3.17 £0.18 0.14 +0.03 8.88 +0.31 401.28 +9.50 9.06 +1.33 19.14 +1.22
S4 20.38 +0.88 3.62+0.11 0.09 +0.03 7.90 +£0. 14 406.36 +7.58 5.70 £0.99 45.96 +0.06
S3 20.01 +1.40 4.56 £0.23 0.18 +0.04 8.32+0.25 399.99 +14.16 7.12 +1.58 46.43 +0.61
S2 17.25 +1.10 3.14 +£0.20 0.15 +0.03 9.21 +£0.26 409.96 +14.09 14.71 £2.42 55.50 £0.71
S1 16.55 +0.92 3.73 £0.18 0.09 £0.01 8.67 +0.18 408.28 +4.64 7.83 £1.17 55.42 +£0.59
AVG 19.84 +1.95 6.39 £3.94 0.12 +0.04 8.47 £0.45 471.56 +89.27 10.03 +3.16 36.59 £15.05
P 6. 402 48.2 2. 646 5.233 161. 409 12. 197 838.62

P %ok ® P P %ok
Wi H Chla_l NH/ NO; TN | TP | TN/TP

/ug-L /mg'L'l /mg'L_] /mg-L /mg-L
S8 43.26 £1.05 0.01 £0.01 0.08 +0.04 1.30 £0.07 0.120 £0.010 10.83
S7 54.17 £1.17 0.02 +0.02 0.42 +0.31 1.96 £0.25 0.190 +0.010 10.32
S6 14.13 +0.18 0.09 +0.04 0.27 £0.15 0.56 0. 15 0.110 +0.004 5.09
S5 11.53 +0.66 0.08 +0.07 0.33 +0.32 1.60 +0.56 0.160 +0.001 10.00
sS4 1.05 +£0.07 0.01 £0.01 0.08 +0.02 0.56 £0.09 0. 150 £0.001 3.73
S3 18.17 +0.24 0.02 +0.01 0.08 £0.07 1.13 +£0.11 0.180 +0.011 6.28
S2 2.81+0.16 0.11 +0.02 0.05 +0.05 1.66 £0.11 0.210 +0.019 7.90
Sl 0.59 +£0.13 0.02 +0.01 0.05 +£0.04 1.63 +0.15 0.170 +0.004 9.59
AVG 18.21 £19.20 0.05 +£0.02 0.17 £0.07 1.3+0.46 0.16 £0.05 8.13
P 2115.1 4.48 1.43 14.01 47.02 o
L kK K 3k

1) R P BRI, HABFE AR K T 0 ~0. 5 m AKIRAIRHIE , AVG S35 F (4 20 (8] 35 )5 5 49 3405 09 L0 AR B S0 R B R R 07 250 (P
<0.05) ; * F7R P<0.05 = = F7x P <0.01, §ikFEmMM TSR 716, T IH



3 4 JEIA

IR P DX S AL TR 7K A s S PSS AL A U 8 A 8 I s R A S G

877

JE A LK T T AT A A i B, K AR i 0 i ™
W ST SIS ER 2 RS Eim OZ 8 B EA R
N Fe il i85 54. 17 £1. 17 pg-L™" 10 S1 A0
2 & N 18 g A
2.2.3 HETRIFHERA IR N AR

2 MBI ZE KA R WA R R B A
THFE. 8 ANFE S AU R A /K IR 22 5 2. 3% (ANOVA
F=179.269,P <0.01) ,7£ (24.89 +0.13) (SI) ~
(31.91 £0.16)°C (S5) Z M4 fk. 5FHFHMML, L
WA R 2K IR E T KR 6°C 247 AR
SRR B IE R 3 A5 R R
BEM A SHEFMI, BRI E KR b
R RN R R A R B LU R A
FEBE MG, 24 A S 22 A R 3 (ANOVA, F =
3202.942,P<0.01) , 2 4LJE [ A (5. 24 £0.33)
(S8) ~(42.19 £0.27) NTU(S1); 5&HZF A,
A 2 18] Y AL A T AV 25 S A B8 35 ( ANOVAL F

=27.725,P <0.01) , i 37 ) T Uik 3, A8 ey
FEl }(0.04 £0.01) (S8) ~(0.49 £0.06) V(S3);
T2 pH 7E(7.57 £0.24) (S1) ~ (8.99 £0.27)
(S2) =z [a), Ay vV g 55 Bk AR £ SR A i TR A7 AE
Wi F ) 253 (ANOVA,F =13.139,P <0.01) ,{H
H5HZEARME RN L PR 2R B2
KK SRR THEE. SEFMEM, BHKIKR S
Rim TN AR 22 50 (ANOVA L F =
161.409,P <0.01) , 224k [ A (242. 27 +3.21)
(S3) ~(369.71 +27.87) uS+em ™' (S1); Wl %
SHEMEEALE(1.67 £0.10) (S3) ~ (2.00 +
0.14) mg-L™" (S4) Z[a], N ZKIREME 1/6
~1/3, AR 22 5 AR %, B3R SOKIRTE
(7.96 £0.22) (S6) ~ (39.86 +0.23)m(S1)Z
], B KIEA 1/3 ~2/3, iRk ] 1 K R %
WG, 25 FE S I K 25 A R 3 (ANOVA L F =
1780.818,P <0.01).

*2 BEUVESFEXRERMEEFHECTYE « bRiE2)
Table 2 Variability of environmental parameters ( mean +sd) at different sampling sites in summer in Pengxi River

YH [ D bR DAY
35 @i? W /NTU o pH /;Eiliq /mii_, %XT
S8 31.01 £0.27 5.24 +£0.33 0.04 +0. 01 8.61 +0.13 358.09 +£2.70 1.84 0. 18 10. 10 0. 14
S7 30.88 +0. 17 5.84 +£0.20 0.12 +£0.02 8.03 +0.24 331.77 £16.65 1.85+0. 14 23.60 +0. 85
S6 31.65 +0.35 5.81+0.27 0.28 +0. 04 7.83+0.18 302.27 +£3.21 1.81+0.13 7.96 +0.22
S5 31.91 +0. 16 19.55 +0. 64 0.16 +0. 04 8.96 +0.20 244.75 +7.42 1.79 £0. 13 23.60 +0. 28
sS4 29.87 +0.24 16.07 0. 10 0.19 +0. 06 8.21 +0.13 269.29 +13. 14 2.00 0. 14 27.13 +0. 18
S3 30.90 +0.28 22.15+0.21 0.49 +0. 06 8.42+0.17 242.27 +3.21 1.67 £0. 10 33.11 £0. 16
S2 28.49 +0.27 13.04 0. 06 0.36 +0. 04 8.99 +0.27 293.40 +18.95 2.00 +0. 16 24.14 +0.20
S1 24.89 +0. 13 42.19 +£0.27 0.37 +£0.01 7.57 +£0.24 369.71 +£27.87 1.68 £0. 11 39.86 +0.23
AVG 29.95 +0.28 16.24 +0.23 0.25+0. 14 8.33+0.16 301. 44 +16.47 1.83+0.13 23.69 +0. 37
P 179.27 3202.9 27.73 13. 14 22.74 1.96 1780.8
WiH Chla?l NH/ NO; TN y TP | IN/TP

/gL /mg-1,"! /mg-L"! /mg-L /mg-L
S8 4.49 £0. 16 0.01 +£0.01 0.12 +0.07 0.81 +£0.03 0. 04 +£0. 005 20.25
S7 3.37+0. 10 0.04 +0.03 0.41 +0.17 1.00 0. 12 0.05 +0. 001 20. 00
S6 3.26 +£0.23 0.10 0. 051 0.43 +0. 06 1.07 0. 11 0.06 +0. 001 17.83
S5 4.89 £0.16 0.10 +£0.05 0.26 +0.01 1.27 £0.04 0.07 0. 001 18. 14
sS4 2.73 £0.04 0.02 +0.01 0.11 +0.03 1.35+0.05 0.05 +0. 001 27.00
S3 7.77 £0. 10 0.08 +0.01 0.13 +0.07 1.51 +£0.03 0. 06 0. 002 25.17
S2 1.33 0. 04 0.09 +0. 06 0.10 +0. 10 1.77 £0. 04 0.05 +0. 001 35.40
S1 0. 18 £0. 01 0.13 +£0.04 0.06 +0. 05 1.70 £0. 04 0.16 £0.017 10. 63
AVG 3.50 0. 15 0.07 £0.03 0.20 +0. 06 1.31 +£0.015 0. 068 +0. 002 19.26
P 697. 68 3.77 5.41 75.21 101. 99 .

L * 3k koK L
WARITEL B, o BB Te 2. MEIOT 400, FL M2 5% 5 3 (ANOVA, F =3.77, P

BESEFEMMU SE o HAENDEZES
(ANOVA,F =75.21,P <0.01) , M5 & =25 1k 3
$9(0.81 £0.03) (S8) ~ (1.77 +0.04) mg-L~"
(S2), M L ZE N iesds i, EFKEAA ST

<0.05) ,HARSEH L FiFr 25, &R A
(0.01 £0.01)(S8) ~(0.13 +0.04) mg-L~'(S1);
HEMA S RO S TES, HAFE AR 25 D%
(ANOVA ,F =5.41,P <0.05) , SEZMML, WL M



878 AN 5%

B % 37 %

BT RS VERIFE (0. 06 £0.05) (S1) ~
(0.43 £0.06)mg-L™" (S6) Z[H]. EZ=RMEHMHE N
B 43% BRI A1, 2% FE RURBE S EARDL EUA
55 RV Y 5 G TE 10, 63 ~ 35,40 Z ). H N4
a WHEACHFERN 19.2% . SEFMEBL, A
A IRARAE. BRAE A3 B, i B3 b 3 2% W A
R a AT MR AR A ) 22 e
(ANOVA, F = 697.677, P < 0.01), 28 k35 Fil N
(0.18 £0.01) (S1) ~(7.77 £0.10) pe-L"'(S3).
2.3 KA R R T I 4
BB 8 A RAE AR | EMUCRAELAS
WIF B R 8 1153 M (J&), Hrp LI& @]
( Chlorophyta) 11 % ] ( Bacillariophyta ) 437 fx %,
SRk 17 B (@) R 14 B R ), HOR R BT
(Cyanophyta) , A 11 (J&) # . H # ] ( Pyrroptata ) 4
Fr(JE) . B T ( Euglenophyta)3 Fl (J&) . 1]
(Xanthophyta)2 Ff (J&) . 4:#[]( Chrysophyta) 1
(J&) FIFR3ET T ( Cryptophyta) i 1 R (J& ). HARIEU?

BRI FN A SRS WL 3.
2.3.1 BRI RS RER 45

BRI BT 8 A RAE i LA PR 26 5
(725 F(J ), Horr LLEREE ] ( Chlorophyta ) A ]
(Bacillariophyta ) Vaiih-r 2 R S35 h 9 Fip (J&)f7 Fp
(J&@) , ik k3177 ( Cyanophyta) B9 6 Fi (&) . #R3
I"J( Euglenophyta)2 # (J& ) F1H 3] ( Pyrroptata) 1
(). TRUFSE R EAE 2.76 x 10° (S1) ~145.8 x
10* cell- 17" (S8) =[], py b dife 1] T Uipidhit, b il e i
SCHAIKIIFEA S7(63.4 x 10* cell-L™") i1 S8(145. 8
x10* cell - L™") B2 B & KB B Jg P AR
DL F 3 ( Ceratium hirundinella ,A33) “hy 3= B HvE |
HE LT, O T b b 3 ) S TR e
T BEEE ( Microcystis sp. ,AS) NIRALH G, HELT S3
I TIN5 9
(Anabaena sp. , A10) HIHILT S4. S5 il S6 — Wi,
JERCh s4 F S5 AR FEE.  BARA SRAE 40 2%
I BRI 4.

F3 IFFEEMFERREY

Table 3  Codes of phytopankton species
BERATR G || BERATR G || BERATR ETRE
Wi#E[] Cyanophyta WMeHT% Fragilaria sp. A19 || &3] Chlorophyta
/N R P Aphanocapsa elachista Al || EFAT Synedra sp. A20 || SFIE K4 Spirogyra varians A37
FRIRS-243E Merismopedia glauca A2 || BFTF#E Asterionella sp. A21 ||H7 A B Closterium sp. A38
s Bk Coelosphaerium sp. A3 || FEY I Stauroneis sp. A22 || f RS Staurastrum sp. A39
{BEREE Chroococcus sp. A4 || FHE#E Navicula sp. A23 || B Cosmarium sp. A40
T #EBE Microcystis sp. A5 | ITZAFLEE Cymbella affinis A24 || FE g W DU 5 Arthrodesmus incus A41
J§ 8 Phormidium sp. A6 || 54K Gomphonema sp. A25 |[ATIABE Chlamydomonas braunii A42
Bl TR ESE Spirulina platensis A7 || ZEIEHE Nitzschia sp. A26 || Z4BR3E Pleodorina sp. A43
i#E Oscillatoria sp. A8 || W Z#E Cymatopleura sp. A27 ||5ZBR#E Pandorina sp. A44
IRk B Raphidiopsis curvata A9 || BEEHE Surirella sp. A28 || %S BR#E Eudorina elegans A45
i 2% Anabaena sp. A10 |[F&#E0T Cryptophyta MR EE Acanthosphaera zachariasi A46
EREE Nostoc sp. All || B2 Cryptomonas sp. A29 (| BIZETE 5 IE#E Schroederia nitzschioide A47
42%: 1] Chrysophyta I #1] Pyrroptata VU35 Tetraedron sp. A48
35 Mallomonas sp. A12 || HEH 3 Gymnodinium sp. A30 || BNEERE Oocystis lacustris A49
#5] Xanthophyta T Glenodinium sp. A31 || ER#ESE Sphaerocystis sp. A50
LR A0 TG 2435 Tribonema viride A13 (| ZH B Peridinium sp. A32 || Ml Scenedesmus sp. A51
INBIFEAE 3 Ophiocytium parvulum Al4 || fE % Ceratium hirundinella A33 || #L A BE Pediastrum sp. A52
i #17] Bacillariophyta ##17] Euglenophyta JETN L Dictyosphaerium pulchellum — A53
HHEBE Melosira sp. Al5 ||#R#E Euglena sp. A34
KR /NRSE Cyclotella comensis A16 || BEHELEE Trachelomonas sp. A35
VU Attheya sp. A17 || #E5E Phacus sp. A36
%5 A ¥ Diatoma sp. Al18

1) R TR | P TERAEW S 1 2 4 B B AR
2.3.2 EFIFIFRRIIIE 4

BB R 8 A RAE A R PRI L 8
746 F(J&) , Hr LI%EEE T ( Chlorophyta ) Flfd: 3]
(Bacillariophyta ) 4311 iz 22 43 5| 4 14 F (J& ) F1 11
(g, YR W 1] ( Cyanophyta) 4 10 1 (J& ) |
H% 1] ( Pyrroptata ) 4 B (J& ). # % I
(Euglenophyta)3 F (J&) . #%# '] ( Xanthophyta ) 2
(JE) . BT ( Cryptophyta) 1 Fh (& ) #1417

(Chrysophyta) 1 # (J&). VRIFHZEBELE 9. 56 x
10*(S1) ~278.88 x 10* cell- L' (S3) Z[i]. 5HZ
AT, 3 ZERInT CRIRE A7 A1, ARt e B 5
NS Nyl D U N 2 AR AC S CIREI UM £ =2
JS2(216.44 x 10* cell-L™") | S3(278.88 x 10*
cell \L™") 1 S4(108. 12 x 10* cell- L") P55 Frg
mr, KAE A DL 3 (Anabaena sp. , A10) N F
SR LT eI b, HAE S2, S3, S4 Al
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S5 A 4 N R WT T PN e X OEAEE EeE mE Hob e S7 W, B e 3k F) 65. 82 x 10°
( Phormidium sp. ,A6) SRR AL HEE, BT B A B cell - L', iz Wi £ X pe 3ome. ELAR S SRR o 4n
T, 2 S2 H1 S5 Wi R OLHEE, S6 A1 ST Wi i % A - B R i i3 5.

R4 BEUETZHRERBELEN <10 /cell-L™!

Table 4 Community structure of planktonic algae in spring in Pengxi River x 10*/cell+L !

TiH sl s2 S3 sS4 S5 6 s7 S8
WHETT(6) A4 x0.32 A2 x0.30 A4 x0. 80 A5 x10. 96 A5 x19. 10 A5 x39. 06
Cyanophyta A5 x0.72 A5 x3.81 A5 x12. 64 A6 x2.48
A6 x0.28 A10x22.53 Al0x17.88  AlO x4.08
A9 x0.04
FEBETT(9) Al5 x0. 18 A20 x0. 38 Al5 x0.20 Al16 x0. 15 A16 x0. 36 Al5 x7.76 Al15 x0.42
Bacillariophyta A20 x0. 20 A21 x1.94 A20 x0. 60 A20 x0. 06 A23 x0. 08 A23 x0. 56 A20 x0. 12
A21 x1.92 A26 x0.22 A21 x0. 12 A21 x0. 12 A26 x0. 08 A26 x7.20
A26 x0. 06 A24 x0. 08 A22 x0. 06
A28 x0.04 A26 x0. 44 A26 x0.09
HETI(L) A33 x0. 10 A33 x0.26 A33 x0. 08 A33 x0.45 A33 x1.80  A33x12.72  A33 x44.30 A33 x96.9
Pyrroptata x 0. x 0. x 0. x 0. 3x1. x 12. x 44. 3 x96.
BRI (2) A34 x0. 06 A34 x0. 08 A35 x0. 06 A34 x0. 16 A35 x0.48
Euglenophyta A35 x0. 12
GEETI(T) A37 x0. 10 A38 x0. 08 A38 x0.36 A38 x0. 18 A45 x0.24 A45 x1.04 A45 x8.82
Chlorophyta A38 x0. 04 A45 x 0. 64 A40 x0.21 A48 x0. 12
A48 x0.06 A52 x0.52 A42 x0.09
psyill 2.76(10) 2.88(5) 4.48(14) 28.11(13) 34.28(11) 46.8(8) 63.4(2) 145.8(6)
K5 WENEFZIRENBELEN x10*/cell-L™!
Table 5 Community structure of planktonic algae in summer in Pengxi River x 10*/cell-L~!
WH S1 S2 S3 sS4 S5 S6 S7 S8
HEHETT(10) A6 x2.85 A6 x66.99 A6 x4.98 Al x0.06 A6 x6.05 Al x0.09 A2 x0.12 A6 x4. 84
Cyanophyta A8 x0.75 A8 x13.09 A8 x4. 86 A6 x3.3 A8 x2.85 A3 x0. 06 A5 x1.11 A7 x0. 60
A10 x1.25 A9 x2.45 A9 x0.24 A7 x0.24 A9 x0.45 A6 x9.00 A6 x65. 82 A9 x0.28
Al10 x88.97 A10x236.82 A8 x2.34 A10 x33.85 A7 x0.54 A7 x14.73 A10 x4.28
A9 x0.24 A9 x0. 15 A8 x0.03
A10 x76.26 A10 x2.04 A9 x1.26
A10 x2. 16
All x0. 09
ERI(1) A2 %0, 14
Chrysophyta
EWTT(2) A13 x0. 06
Xanthophyta Al4 x0. 06
REBET(11) Al5x1.35  Al5x10.87  Al5x4.62 Al5 x2.82 A20 x3. 05 Al5 x2.97 Al5 x2.04 A15x3.08
Bacillariophyta Al18 x0.2 Al7 x0.28  A20x11.04  A17 x0.12 A21 x0.35 A19 x1.50 A19 x0. 09 A20 x2.04
A20 x0.95  A20x13.37  A23x5.22  A20x10.62 A20 x2.22  A20x23.43 A26 x0. 84
A23 x0.25 A21 x1.19 A26 x5.94 A21 x1.44 A21 x0.45 A21 x0.09
A24 x0. 15 A23 x6.79 A23 x1.08 A26 x0. 63
A26 x0.45 A25 x1.12 A25 x0. 54
A26 x5.95 A26 x 1. 14
A27 x0.07
FASRI1(1) A29x1.62  A29 x0.24
Cryptophyta
T (4) A33 x0.05 A30 x0. 14 A30 x2.1 A30 x1.02 A30 x2.25 A30 x0. 63 A30 x0. 15 A30 x1.88
Pyrroptata A33 x0.07 A33 x0.3 A33 x3.78 A32 x1.05 A33 x0.03 A31 x0.20
A33 x4.00 A33 x0.20
BRIFETT(3) A34 x0. 10 A35 x0. 18 A34 x0.06 A34 x0. 15 A35 x0.09 A36 x0. 16
Euglenophyta A35 x0. 10 A35 x0.9 A35 x0. 85 A36 x0.27
GHET1(14) A47 x0.35 A35 x0.07 A50 x0. 24 A43 x0. 06 Ad4 x1.2 A39 x0.03 A38 x0.03 A38 x0.04
Chlorophyta A52 x0. 85 A47 x4.34 A51 x0.24 A44 x0. 06 A45 x0. 4 A44 x0. 06 A39 x0.03 A40 x0. 12

A52 x0.63 A52 x0.48 A50 x0.12 A46 x0. 05 A46 x 0. 06 A41 x0.03 A41 x0.04
A51 x0. 30 A52 x0.1 A49 x0. 12 A46 x0.03 A44 x0.12
A52 x1.26 A53 x0.1 A51 x0.03 A47 x0.27 A46 x0. 04
A52 x0. 15 A49 x0.24 A51 x0.48
A51 x0. 06 A52 x0.04
A52 x0.57
J=yill 9.56(14) 216.39(18) 278.88(15) 108.12(25) 56.75(16) 20.10(17) 113.4(25) 19.28(18)
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SR B 3 T] 362 8 1) 7K AR LA 03 95 ( Miicrocystis
sp. ). fFE ¥ (Anabaena sp.) . fi W ¥ ( Ceratium
hirundinella) . J§ % ( Phormidium sp. ) "N £ 2 AL #
it SR A% R R K AR P S RO ], HL
PEEER AR, B 2K A R ™ IR AT ST
(63.4 x 10" cell - L") Fl1 S8 (145. 8 x 10" cell-L "),
i H ﬁ( Ceratium hirundinella ) ﬁ{g{jﬁ%@%, S
TR A SRy T AR R S2(216. 44 x 10 cell - L7") |
S3 (278.88 x 10* cell-L™") 1 S4 (108.12 x 10*
cell-L™") , A3 (Anabaena sp. ) NG
2.4 RDA 48t
2.4.1 FFTRUE SR M A S M R T
RDA 43-#

HITAE 53 #1 (redundancy analysis, RDA ) & 2=
TR FE S BB I 1 Z [ 1 C &R RDA
HEFF Al 1 BURRIE AR 7 22 2R3 DTmk i 20 B R
TH e, 1 ARy 0. 317, BT 2 5tk
A 31.7% Bl 2 BORFAE(EA 0. 220, BARTT 22 5Tk
RN 22% .

B3 b2l R AR, A TR AR a2 A 78 5 1
AT 2 A 4 DRI, 8 AR I K
SA BEESHh 1 BIEADC, MEA . MR . K
T, pH, G | 4R o WA R LIE
JRELA S5 1 RS K, MIRERA. pH, B
SR PR W KRR BT 2R R R
VR B A W EOR, o isRER AL KR pHL.
HL S B I i S0 R 2= A0 4 25 A 3 ( Ceratium
hirundinella , A33) FI{ 2 3 ( Microcystis sp. , A5) )
AR EEAEM. F SIS S2 2 s6 5 S8 HAK
e P ARLPE 17 S3 ., S4 . S5, ST 43 R[] T oA A
A S1RTS2 FEEO Sk FERUK AR, B BB
TGRS TR EE 2R 1 F B DTBR B ; 83 T 84 ki 5
DUERSE DR 5~ AR DG PEAIR, 38 2R 0 = 5 BE R KR A
TEIRER AN S5 AU DTMRE fe K5 /K, pH., HLF
ROMEE TR a, AL IR SR AL X S6
S8 miMY DTRRAL 5 ST RUBERM R, FEF &
FE/N TR | PR ER AR & FONHZ A Y BTRRK.
2.4.2  HZFIFIFERIE RO TR S BRI R T Y
RDA 73t

B 2RI B W R S 2H 5 PR EE IR 1 2 ] 1Y) G
Z AR TUAYE 43 M7 (redundancy analysis, RDA) .
RDA HEFF Il 1 A RRAEAE R 5 22 B3t oTmk | 4
ORI B A0, 5l 1 RHEE D 0. 309, RFT
ZETTHRRN 30. 9% il 2 HYAFAEME A 0. 187, BB

B 37 &
1.0 Q4
Al6 A22 | A2
» A40T A42
AlD
>
A35
A
5
o , A38 A2)
S > Ty
=\° . NHy A De
9 'm NO; v 2 epth
R
= B A20
Z [ ASan : IN A28 1
A33 4
pH A34
Cond OS
P Chj
Y .
Tur ORP| A24 % A9
» DO p A%
A4S A6 5
Y
AlS
-1.0
-1.0 1.0
Axisl 31.7%
E3 BRAEFZHRLEENSHIEXRLN RDA HF
Fig. 3 Biplot of the first two axes of the RDA analysis for
environmental factors associated with
phytoplankton variation ( spring )
1.0 i 5
A32R A4
#iad Ad4
A3 4
»
NH4+ Ad6
A33 v
- pH Tem
Tur Chl: A30
A35 rp A
= |AR Y [} A3 .
[ - - 11 G NO;
] AlD A43 1 ATR
o [N A A3l
= Depth A9 .ATT Al4 A9 MO
< ORP 450 A40 a AL9
) DO e A39
A"";\:S;‘fmz AllAz . A9
5 A7
AB 4 AT, K{ AST4 4,A5 & 8
A52 g7 A20 > Cond T p36 A38
4
A26
-1.0 INER

-1.0 1.0

Axisl 30.9%

B4 BEBRAEFZFIFERANSMIEXRKN RDA HF
Fig. 4 Biplot of the first two axes of the RDA analysis
for environmental factors associated with

phytoplankton variation ( summer)

ETTHRF N 18.7%.

4 o3l TR0, 4B A RE & 2 A 7E 0 1
A 2 AR 4 DZRRN. 8 ARSI KR
FEPRER AL, FL R AR ER a Sl 1 SEIEAHSE, T
AOBBE, MR KB JA . pH ., BRE AR
JRELA S5 1 RAADE. BT ST, S2. S3, S4 Sk
1 R0, HEA B mEMALE, B, B8k, mh
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BE KGRI T A X 3X 4 SR Y DT RR AR
K Wi 86, S7. S8 3% 3 AMHF sl AT B A B
H 5501 SRS IR | AR ER N AR X 3
MRS R DT ; S5 5%k 2 2IEAHDE, HANE T
HABRE S, pH BRI ER A, il B A B X 1%
FES DT, KR K, B IR A A
PRI | R | HL S 3R PR R R A i 3
SIS ER, Horhd R | KB SRR AL
LS S 2 AN 3 £ I 5 ( Anabaena sp. , A10) AR
KA BB i GRS R s
¥ ( Phormidium sp. ,A6) B K 8 EAE .

3 g

TR 2003 4F =R IX E KIS, MR 3R
LRI P57 1 B A 030, A R X K A 2 i %
(4 S 2 — , E PR A R T e 2 R 9 2
AT HAH S, A4S . BRI A A SR R+
ISR, 5% LU SR AR T3 UK TR H 52
M, ] s 2 52 381) S 3 F B = A XA I T S e A
N R ZE R

B b — A R 2 K B B MR 0,02
mg-L7' BAEWEO0.2 mg-L™", BAS BBEER L
B 16: L(FTRHAE 7. 2: 1) JRUKAE R &8 F= 4 HE Y
HGHIME . BRI AT B AR E R E PR A K
TR B IR AN 2 ~ 10 %, SR B = 1 bR A A
KA BB R B 50 £ LA B B & B K E R E
R SRR R TR, BAAUSBK R
T EPR AN KR E B3R A, RN AR K
(AINE: M o5 A i R = R (3 VA B N 7 3 i P
SRR AR WA ST R YT T UK IR AY TP He
B TR KR G TP MR E 5025 (R BiF 9 95
B SRR B S K I R W IEAE O, KA
R [m] /K B R 7l AR AMIE B R 22 | TR Ik B R
TR 2 KA s ) TP W v 1 B IR 0 s ) TP
W, X R AR A A SR TN vy PH S W A 0 5
ZE R

LAY (10 38 K AR R AR OB AR S IR A2
VLR 2 RN L2 20 T IR R 43 T2 RS T DA )
F2 52 ) ) B K A b 4 B g B Ak e R AR W Ot
FRPT2 T e R IR A R K TR A DX 1L
WA NP = B2 a8 0 N (= R A S T (B SPL2
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