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Temporal and Spatial Pattern of Phytoplankton Community and Its Biodiversity

Indices in the Danjiangkou Reservoir

TAN Xiang'*, XIA Xiao-ling', CHENG Xiao-li', ZHANG Quan-fa'

(1. Key Laboratory of Aquatic Botany and Watershed Ecology, Wuhan Botanical Garden, Chinese Academy of Sciences, Wuhan
430074, China; 2. Graduate University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Temporal and spatial patterns of phytoplankton community and their associated influencing factors using canonical
correspondence analysis( CCA) were analyzed in the Danjiangkou Reservoir, China. Water quality of the reservoir was also assessed
using phytoplankton cell density and biodiversity indices. Results showed that Bacillariophyta and Cyanophyta accounted for 51. 08 %
and 18.39% of all the species, respectively. There was great seasonal variation in phytoplankton assemblage composition, cell density
and biodiversity index. In summer, Cyanophyta was dominant and composed of 42.24% of the phytoplankton composition, whereas
Bacillariophyta was dominant in spring, summer and winter, and accounted for 77.13% , 61.29% and 50.91% of all species,
respectively. The phytoplankton density reached the maximum of 1. 76 x 10°cells/L in summer, while the lowest value was 2. 32 x 10
cells/L in autumn. Seasonal variability was the same for the indices of Shannon-Wiener, Simpson and Pielou, and they were 2. 08,
0.77, 0.65 in autumn, and decreased to 0. 85, 0.32, 0.28 in winter, respectively. Though the spatial variability was not significant
in indices H', D, D, and J, the difference was significant between the Dan and the Han Reservoirs in terms of phytoplankton
composition. The dominant phytoplankton was Bacillariophyta in Dan Reservoir and Cyanophyta in Han Reservoir. The results also
indicated that conductivity was the main environmental factor influencing variation in phytoplankton composition except in autumn. The
reservoir could be classified as oligotrophication by cell density and the middle level between B-mesosaprobic zone and oligosaprobic
zone using biodiversity indices. The research demonstrated the potential to use phytoplankton community and its biodiversity indices to
monitor water quality in the Danjingkou Reservoir.
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Fig. 1  Sampling sites in the Danjiangkou Reservoir, China
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Fig.2 Phytoplankton composition in the Danjiangkou Reservoir

PRI K 37 e R0 41 2 1 8 b 2K 241 7

2.2 AR RE I A A I I ) B A AR A
2.2.1 PP R SR AL N FE T AR A

FEE W TR S AL TR T AR AR (%
1), R RESE AN e 1 A2 (17 F), 8 A%
(12 FP) 3 SR REE 11 B0,k 20 F0,1 A
Beb Ak 12 B X R FE A AR AL, 5L AT
B Sk AN I L R R T R A K, B L
L RN HOR H A BT b T T T 10 B 0 K
bb i g e

1 PRIL K PR 7 R I R 2 B
Table 1  Numbers of species of phytoplankton in the Danjiangkou Reservoir
H 3 Tk BT W] ZREET] BB FHET] B BT Gt
2009 44 H 14 3 17 3 2 1 1 41
2009 48 H 12 6 17 4 2 1 2 44
2009 # 11 H 16 4 20 4 1 1 1 47
2010 1 H 17 2 12 3 1 1 1 37
2.2.2 VR RHE T AL Bl AR A B A5 TR D 9 A A0 VR AR K B R R

3 s R E (8 ) %R K, 1A
1.76 x 10° cells/L, H R Z &A= (1 H)1.62 x 10°
cells/LFTFHEZE (4 H)8.29 x10°cells/L, Bk = (11 H)

TF R ) 25 B B A, I 2,32 x 107 cells/L. 5 [ i,

TEIE R 40 M 55 B <5 x 10° cells/L, /KA Ky #2758
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Table 2 Temporal variability of the phytoplankton
composition in the Danjiangkou Reservoir/%
B OREBTT WEED] ARBEDT BRETT FEET &ET BB
HZ  77.13  2.21 12.85 555 0.01 6.92 0.07
B2 39.25 42.24 11.46 3.65 3.35 0.00 0. 06

®Z 61.29 3.69 33.09 1.83 0.03 0.02 0.05
A7 50.91 0.07 1.85 47.11 0.03 0.00 0.03
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Table 3 Annual average composition of phytoplankon density/%
RFERD BT BEBET] SREET] RRHETT WEETT BBETT O BREEDD
D1 57.68 14.95 21.42 2.23 .54 0.18 0. 00
D2 67.60 2.20 25.31 3.33 70 0.79 0.08
D3 56.60 3.22 19.19 4.70 53 15.70 0.07
D4 77.26  1.27 7.74 11.67 63 0.43 0. 00
D5 26.84 26.01 4.68 41.26 0. 00 0. 06
D6 43.94 31.92 11.70 10.15 14 0.09 0. 06
D7 78.95 10.53 5.30 4.30 64  0.26 0.02

D8 74.49 20.76 3.30 1.11 17 0.00 0.17
P 60.42 13.86 12.33  9.84 31 2.18 0. 06
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Fig.4 Canonical correspondence analysis( CCA) ordination diagrams of phytoplankton in the ordination space of the 1*" and 2™ axes
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Table 4  Correlation coefficients between the selected environmental variables and the first two CCA axes

o HF HZ €S A7
551 4 52 B 51 52 51 %l 52 51 Al 552 4l
EC 0. 622 0.716 -0.904 0.325 -0.63 0. 428 -0.928 -0.347
DO -0.6 -0.409 -0.196 -0.639 -0.501 -0.82 -0.904 -0.051
pH -0.219 -0.343 -0.249 -0.905 -0.629 -0.7 -0. 898 -0.349
NH, -N 0.293 0.258 0. 486 0. 833 -0.711 0.322 -0.329 0.943
NO; -N 0. 035 0. 493 0.392 0.795 -0.795 0. 084 -0.299 0.948
e B R R 4R AL -0.588 0. 058 -0.001 -0. 408 0.277 0. 606 0. 097 0.52
TP 0. 369 0.031 0.315 0.742 -0.31 -0.067 0.617 0.726
SRP -0.378 0.07 0.376 0. 438 0. 858 -0.369 0. 586 0.794
DOC -0.06 -0.121 -0.001 0.325 -0.317 0.296 -0.43 0. 869
TN 0.267 0. 601 -0.561 0. 547 -0.627 0.137 -0.415 0. 452
Si 0.11 0.197 0. 64 0. 488 0. 871 -0.323 0.733 0. 677
HCO; 0.471 0. 804 -0.868 0.315 -0.59 0. 608 -0.767 -0.255
AR RBER (1 ) /% 52.80 39.20 39.20 53.70

AR AE S 1.55 1.08 1.08 1.35
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Fig.5 Seasonal variation of biodiversity indices
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3.2 ZREERR B A A o A

8 ANRAE R 4 A 2 BRIk 55 B0 48 B 2 L
5. X a REAT 77 %= 03 Hr-2 B (ANOVA-
multiple comparison) , A [A] 7 55 2 [8] 2 #F 1 F8 201
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Table 5 Diversity indices(H’, D), abundance index(D, ) and

evenness index(J) of phytoplankton in the Danjiangkou Reservoir

KFE R H' D D, J
D1 1.35+0.73 0.53+0.31 3.70+0.80  0.43 +0.24
D2 1.72£0.90 0.64 +0.35 5.01+1.53  0.53 +0.27
D3 1.60+0.82 0.63+0.32 4.24+1.94 0.51 +£0.24
D4 1.49£0.68 0.60+0.26 3.96=1.41 0.49 £0.25
D5 1.28£0.82 0.49+0.31 3.69£2.65 0.42 £0.26
D6  1.38£0.82 0.51+0.31 4.573.67 0.44 £0.24
D7 1.59+0.87 0.59£0.32 5.58+2.62 0.50+0.26
D8 1.89+0.78 0.70£0.25 4.58 +1.47  0.59 +0.23
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U H BRI R AR T HOR D, YR AR v L 4R
HAE R, 7K TR B B S8 1) il 28 22 0 4R BB
fe, O VR A5 R A A, B R TR I A R B
KA E VRO, K LT 5 2 FF 1 48 Bl /s, v
ghtla T B R AR ZE K IR B PR K
K= 4 DN IR ECAR AL B g5 RAE , v H' 5 2.08,D, 2
6. 69. M4 7K S VE O AR e, K 2R K A i R 4R
e, NCH M P W s 2 vy 3 N D I, I8 313
PN Ao =P R AN B/ 5 T TR N3 I

RS WR T HENRHERKZ MRS, 0 A
1.28 ~1.89, D, H 3.69 ~5.58, 2 [ /K it iF #t b
AT HOBWE, o s Y i D, AW, BTG B
V. MR AR o T R B M R
VL KRR B-rhyg Ge KA. PRI K B % FF R K

JUE FRR B0 B AT 22 7 A0 B AR KP O g Gt 2
TH T TH) TN A i R A T, K K B BE S
I R AT ST 7K 5T PEAN 45 S B N 1 PEAD &5
R PRI HOK B AR BBt B-h v B B 38 8 57
K-

4 e

(1) PI 1T 7K 37 0 R A0 0 ¥ £ D00 5T 2 A 1k

B, b BV 51, 08% 1My 2 FP R BAE & TR

W%, IRV A A R L RS

R MA T i B AE R B A3, B 7 s

AR e P L FL A0 R v 2L B Ay 42.24% , [R) I AE

T R R . SR ) R BIE O A R PR K

L, 1958 4 g IUHT 2] 2010 4,50 47 1] K J5 3 Ui

R R T 3 AR A, AT 988 2R UK PR 328 A e AR

B - W R K R

(2) V5 Ui B R A2 PHUE K P B A Wl 2 0

8] 73 A Ak PFZE (D1, D2 (D3 D4 ) ¥ 35 1 4 21 Bl 32

N REBET] A d K BB i £E DUJE (DS (D6 ) i 3 A K

B P A R B v, e B T o LU EEOPE B R I B

2 KA AR

(3) ¥ 355 15 9 3ife KL ) L % 10 i YO0k N oy A R

WY, AN TR) 2 745 48 SR 358 D 1 0] 7 30 R 40 A 9 110 52 T

AN B 20 A1 (0 R 0 BEAT BT AN ). BRAK 24, 1

AL R WP T Ui R e 00 A B T B S) )

(4) Shannon-Wiener $§%( H'.Simpson $§4{ D

Pielou fi5 %k J F AR A — 8, KT ZF K

e IR QU RN A B E = F- NS SN R R O S|

FEFRBOR A R FE N E R NZHERECRE , K

WA T B-rh G et B 5835 Qe 18] 5 1 A 40 B

FEVEAN W, K PR K 5Tk 3078 IR 7K

2% 3R

[ 1] Cabecinha E, Cortes R, Cabral J A, et al. Multi-scale approach
using phytoplankton as a first step towards the definition of the
ecological status of reservoirs[ J]. Ecological Indicators, 2009, 9
(2): 240-255.

[ 2] Matthews R, Hilles M, Pelletier G. Determining trophic state in
Lake Whatcom, Washington (USA), a soft water lake exhibiting
seasonal nitrogen limitation [ J ]. Hydrobiologia, 2002, 468
(1-3). 107-121.

[ 3] Karadzié V,Subakov-Simit G, Krizmanit J, et al. Phytoplankton
and eutrophication development in the water supply reservoirs
Garagi and Bukulja (Serbia) [J]. Desalination, 2010, 255 (1-
3): 91-96.

[ 4] Z, S0, Emdy, & K88 B EY FOT DUK Y L
G AR [T]. KB A 24, 2007 ,31(5) :689-



2882 wooow R 32 %
692. diversity[ J]. Journal of Clinical Microbiology, 1988, 26 (11) ;
[5] 5RER, R 400 B ¥ (Microcystis aelligitiosu) 5 =T 224k 2465-2466.
W AR BRI T]. WA RS, 2006,18(2) :150-156. [16] . POLEEEKERAM LM AESFEHFRID]. 4EM:
[ 6] 2P, sk4 k. o ma Kb TR iR v b 1 6 5 F K I A8 i A 4 U 9 K % ,2005.
SHTLT]. AR, 2005 , 27(8) . 28-29, 43. [17] BSOS Syl SAAE 52, & W w8 R B AR 40T
[ 7] Shao M, Tang X Y, Zhang Y H , et al . City clusters in China; W SE BTSR[], 24 5B 2%9R, 2005,4 (2) .87 ~
air and surface water pollution [ J]. Frontiers in Ecology and the 91.
Environment, 2006 , 4(7) :353-361. (18] Fp4esd, W, MKW EMMEEEN [T]. W R ¥,
[ 8] HEXr, gpctE, 22 A , 45, 19 /K b i 8 /K 95 X IR i K Y 1994, 4:356-363.
RS D)REVE S5 BB A [T]. N S iR, [19] Nalewajko C, Murphy T P. Effects of temperature and availability
2009,15(6) :803-807. of nitrogen and phosphorus on the abundance of Anabaena and
(9] AJBh, B, UME 45, w /K b b 42 /K 5 3 VL 101 K Microcystis in Lake Biwa, Japan; an experimental approach [J].
KA RAERF S [ T]. BB RL 23 | 2008, 29(8) :2111-2116. Limnology, 2001, 2(1) ; 45- 48.
[10]  fRE, A4, KL IR 2k T2 U Sk AR A R 58 10 25 5 7R B [20]  FEME MRBKET, 88,25, 7 AR 45 7K % K 35 B V5 LR vl bk
[J]. Hdb/KRIK B2 B 2441, 2003, 24(2) :74-77. TRV L] 2 WAy i 4 % 4R, 2004 ,12(2) :117-123.
[11] BRerd, sz, haas 5. VL 1 /K 5 2 i i 4 R 3L A2 [21] Sy, Ak & 5, K40 ARF I e 5 K B (],
[J]. WA ,1996, 8(1) : 41-50. EVEWIE AR, 1997, (4):37-42.
[12] =0, kK. sKRICTE P O EX B 2SR [22] Al [ A, o B A, 56 1T g U A T IAC 28 /K 28 V7 Vi A 40 T
BRI ] E AR A KR K L, 2008, (3) 1124, B2 AR DA AR ROR WK A S i [ )] G G R
[13]  FEEFRER Y L. AR KB #r vk (M) (5 24,2006 ,14(3) :183-189.
R . Aba: o EREERL S AR AL, 2002, (23] RF P02, ROLAE. =P /K S 05 S AN ) Bl 34 5 25 381 o) ;17
[14] Belaoussoff S, Kevan P G, Murphy S, et al. Assessing tillage LLBFoR (1], KA 23R, 2007, 31(5) :693-699.
disturbance on assemblages of ground beetles ( Coleoptera [24]  5REF, ZhR, ROLAE. BRI /K R V7 U R A B Vi 45 R 10 R AR AR AL
Carabidae) by using a range of ecological indices [ J . [J]. A=22%4), 2009, 29(6) : 2971-2979.
Biodiversity and Conservation, 2003, 12(5) : 851-882. [25] ZEROE, maik, FRWE, 5. /K0 o /KI5 X R
[15] Hunter P R, Gaston M A. Numerical index of the discriminatory W23 o0 A R IO FRRA [T A& A&, 2008, 27(1) :14-

ability of typing systems: an application of Simpson’s index of

22.





