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Seasonal Variation of Cyanobacteria and Its Potential Relationship with Key

Environmental Factors in Xiaojiang Backwater Area Three Gorges Reservoir

LI Zhe GUO Jing-song FANG Fang GAO Xu SHENG Jin-ping ZHOU Hong LONG Man
Faculty of Urban Construction and Environmental Engineering Chongqing University Chongqging 400045 China

Abstract Eutrophication and algal blooms occurred in the backwater areas of tributaries in Three Gorges Reservoir were the hot
ecological issues in recent years. A one year field survey on cyanobacteria was put forward from May 2007 to May 2008 in Xiaojiang
backwater area. 15 genera and 40 species of cyanophyta were detected. Mean value of cyanobacterial cell density was 23.50 =
10.30 x10%cells- L™' i.e. 24.1% in the algal community while the biomass was 768.70 +287.40 pg- L' which was 8.9%
in the total biomass of algal community. Seasonal variation of cyanobacteria was apparent. Generally cyanobacteria bloom occurred
during late spring and early summer. Its abundance decreased after summer and reached the minimum level in winter. Anabaena

Aphanizomenon  Microcystis  Merismopedia and Phormidium were the common cynaobacterial genera. The cumulated cell density of
these five genera of cyanobacteria above accounted up to 79. 1% in the total cell density of cyanobacteria while that of biomass
accounted up to 77.6% . Spearman correlation analysis among the cell density biomass as well as the key environmental factors
indicated that utilization of inorganic nitrogen and phosphorus for anabolism was evident however nitrate would be the major nitrogen
source for cyanobacteria. Moreover increase of temperature and decrease of depth of euphotic zone had a significant effect on the
abundance of cyanobacteria. According to co-analysis of hydrology and rainfall data in the whole year circle it was found that nitrogen
and phosphorus were input by the heavy rain and surface runoff with inorganic sediments offering the enriched nutrients in water
column. Meanwhile turbidity increased by the inorganic suspended sediments decreased the depth of euphotic zone. The physiological
advantage of cyanobacteria in low light and high turbidity environment might be the cause of cyanobacteria bloom in Xiaojiang backwater
area.
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Table 1  Cell density and biomass of cyanobacteria and its relative abundance in phytoplankton community during research period
n =125 n =30 n =40 n =25 n =30
5 » 23.50 +10. 30 12.74 +3. 14 60.70 +31.52 4.98 +1.13 0.07 £0.01
x 107 /cells- L
0.00 ~1132.03 0.00 ~72. 84 0.28 ~1132.03 0.14 ~18.00 0.00 ~0.28
/o 24.1+£2.3 27.3 £4.7 39.5+4.5 21.2+£2.9 2.6+0.6
(@
0.0~98.0 0.0~87.4 1.5~98.0 0.4 ~58.1 0.0~16.2
/ Lo 768.70 +287. 40 435.04 £223.70 2 006.50 £856. 10 103. 06 +20. 49 6.64 £1.28
g "
" 0.00 ~24 661. 40 0.00 ~6212.09 4.26 ~24661. 40 3.02 ~347.30 0.00 ~24.42
Ja 8.9+1.5 4.58 £2.2 18.3+3.9 6.9+1.3 2.4+0.5
(
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Fig.3  Variation of cell density and biomass of cyanophyta
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Table 2 Results of major environmental factors in Xiaojiang backwater area during research period
NH,"-N NO3-N DIN TN POi --p Tp TN/TP 2/ Z,/m SD/em TPM TIM
32419 732:28  1079£34 176849 13.3:1.3 70.8+3.6 28.6:0.9 20.7:0.6 6.74:0.33 16510 102141296 70141175
n=125 10~1036 18~1606 95~2002 658~3264 0.5~100.9 22.0~349.6 9.0~80.4 9.2~31.4 0.88~20.19 10~550 333~91180 67 ~82860
249 £29 895 +68 118485 2214+120 16.4+3.8 89.2+6.6 28.1+2.4 185+0.9 6.74£0.73 15822 7375 +903 4044 £ 694
n=30 10~703 338 ~1606 384~2002 1016~3264 2.2~100.9 32.2~190.1 11.7~80.4 10.4~25.3 2.30~20.19 50 ~550 333 ~18933 133 ~12200
429 +38 58749 104166 1735+80 5.6+0.8 74389 29.6+2.0 27.4:0.3 3.45:0.22 75:5 207353428 16089 +3 187
n =40 34~1036 18~1344 95~1861 658~3153 0.5~28.2 22.0~349.6 9.0~61.7 24.4~31.4 0.88~7.30 10~150 5133~91180 2333 ~82860
220 £26 701 £51 929 52 138655 7.5+1.2 47.5:2.7 30.4:1.4 21.8:0.6 7.68:0.60 189+16 5539513 2741 £564
n=25 15~560 289 ~1226 588 ~1499 1014~2089 0.9~23.1 28.8~82.1 19.2~53.1 17.7~27.1 2.40~12.71 40 ~380 3467~13400 133 ~11333
346£39 78936 1151%49 168758 25.3+1.6 67.3:2.8 26.2:1.3 12.8:0.4 10.32£0.36 272£13 2920122 1444 £131
n =30 74~820  529~1193 668~1819 1087~2302 8.9~41.0 44.0~92.4 12.8~41.1 9.2~16.1 6.09~15.03 140~470 1600~4333 67 ~2867
1 TPM TIM pg- L™' TN/TP 2 0~8m
sb Z, TN/TP TP NO, -N
SD DIN
Z., . 2 NH, -N
NO, -N DIN PO; -P SD 7,
1 NH, -N DIN TN TP
3 2
NO,-N DIN TN PO; -P TP D
NH, -N DIN TN SD

PO, -P TP 7
TN PO; -P ) 0.902
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Table 3 Spearman correlation coefficient matrix among cyanobacterial cell dentisy biomass and major environmental factors
NH;/-N NO;-N  DIN TN PO3T-P TP TIN/TP SD
1.000
0.796 ™ 1.000
0.948 ™ 0.794™ 1.000
0.500 " 0.837 " 0.591™ 1.000
NH,'-N — — — — 1. 000
NO; -N -0.284 " -0.328" -0.232"" -0.218 — 1.000
DIN -0.270" -0.296 " -0.214" -0.185"  0.542™ 0.790 " 1.000
TN — — — -0.361"  0.310"" 0.456"" 0.569 " 1.000
PO; " -P -0.528 "™ -0.524" -0.487 " -0.322" — 0.427 ™ 0.369" 0.197"  1.000
TP — — — -0.241™ 0.208"  0.528""  0.539" 0.621" 0.250" 1.000
TN/TP — — — — — -0.282"" -0.185" — — -0.743 " 1.000
0.666 " 0.745" 0.660 " 0.574 " 0.257 " -0.367 " -0.179 " — -0.688 ** — — 1. 000
SD -0.507 " -0.452"" -0.497 " -0.223" -0.258""  — — -0.209"  0.462 " — —  -0.691"  1.000
2 -0.477" -0.459 " -0.483 " -0.294™ -0.333"" — — — 0.472* — —  -0.719"  0.902 "
I o= 0.05 * = 0.01" — n =125
NH, -N PO, -P AveRain 7. TP PP
TPM PIM 3 Spearman
3 4. TP AveRain
pp RMflow
DIN PO, -P AveRain TPM TIM
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Table 4 Spearman correlation coefficient matrix among rainfall flow water level and other key environmental factors

pp TP TN/TP SD 7, TIM TPM RMflow  RMlevel
1. 000
0.796 **  1.000
0.948** 0.794** 1.000
0.500 " 0.837*" 0.591** 1.000
PP 0.214 " — 0.191* — 1. 000
TP — — — -0.241"  0.683™ 1.000
TN/TP — — — — -0.614™ -0.743 ** 1. 000
SD -0.507 " -0.452"" -0.497 " -0.223 " -0.447 " — - 1. 000
Z,, —-0.477 -0.459 " -0.483 " -0.294 " -0.400 ** — — 0.902 ** 1.000
TIM 0.378 " 0.461 " 0.420" 0.371™ 0.284™ 0.175* — -0.715"" -0.724™ 1.000
TPM 0.609 " 0.616™ 0.635* 0.418™ 0.351™ 0.153* — -0.795™ -0.776 ™ 0.867 "  1.000
RMflow 0.449 " 0.534*"  0.495*  0.429 0.362 " — —  -0.669 -0.697 " 0.718™ 0.771 " 1. 000
RMlevel -0.408 " -0.483 " 0.369 " -0.246"" — — — 0.653™"  0.640 ™ -0.546"" -0.591"" -0.420"" 1.000
AveRain 0.403 ™ 0.441™ 0.398" 0.308™ 0.402™ 0.113* — -0.612"" -0.639™ 0.630™ 0.669 " 0.782 " -0.522""
TN TP 7
4 5
Co,
v physicochemical factors
25
TIM TPM
Sb 7, TPM TIM
RMflow AveRain 10%
RMlevel . 2
N/P
22 ~27
2 I, Reynolds > N/P
19
Blomqvist %
R Downing 7 N/P
23
gas vacuolate Scheffer .
N/P
23
Scheffer 2 45 20°C

24 25
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