
INTRODUCTION

The increasingly frequent algal and cyanobacterial blooms

in many lakes around the world are largely attributable to

eutrophication caused by a variety of environmental factors1-5.

China's lake Taihu has suffered severely, with accumulations

affecting large areas of the lake since the 1980s6. Lake bloom

formation is a complex hydro-biological phenomenon,

influenced by temperature, light, hydrodynamics and nutrient

conditions7. One of the most frequently problematic bloom

species is Microcystis8,9. It accumulates in the littoral zones of

shallow lakes and its distribution is often influenced by wind

and local vegetation. Aquatic vegetation plays an important

role in bloom accumulation and as such, can have profound

effects on the biogeochemical cycling of nitrogen and

phosphorus. During the growing season, plants are able to

assimilate large quantities of nutrient, leading to decreases in

the nutrient levels observed in sediment and water10,11. At other

times, the decomposition of aquatic plants may increase

nutrient levels in the water12,13.

Many investigations have focused on the response of

harmful algal blooms to additions of nitrogen and phosphorus
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and on nitrogen/phosphorus ratios as limiting factors on bloom

development14,15. However, relatively little attention has been

paid to the effects of bloom accumulation on nutrient levels13,11

and relevant studies comparing the accumulation of blooms

in different aquatic vegetation zones are more scarce. The under-

standing of the nature and mechanism of bloom formation and

accumulation in different aquatic plants zones and consequent

variations in water quality is urgently required.

Lake Taihu is the third largest freshwater lake in China at

2427.8 km2, but averages a mere 1.9 m deep being situated in

a highly developed and densely populated area. It is an

important source of water for drinking and irrigation, but rapid

economic development and the intensive use of water resources

have led to the lake become seriously polluted. Because of

nutrient overload, Taihu is eutrophic16, with extensive algal

bloom coverage persisting throughout the summer months and

seriously affecting drinking water supplies. In the early summer

of 2007, a particularly severe bloom caused a drinking water

crisis for 4.43 million people in Wuxi city17,18.

Meiliang Bay, in the north of the lake is known as one of

the most seriously eutrophic areas of Taihu19. Cyanobacteria

amassing at the water surface are easily blown into littoral
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zones and in summer, prevailing southerly and southwesterly

winds encourage toxic microcystis blooms to accumulate20,21

in the bay, where their impact varies depending on the predo-

minant vegetation type. However, these zones have been rela-

tively neglected by previous studies investigating the effects

of blooms on local environmental parameters such as nutrient

levels. Indeed, most of the studies have been based on labo-

ratory trials or work in other field locations. A study of bloom

accumulation in the littoral zone of Taihu lake is an essential

step towards more reliable bloom forecasts and subsequent

risk assessments for water supplies.

The objective of the present study is to establish the extent

of bloom accumulation in different littoral aquatic plant zones

of lake Taihu and to track the resulting responses in nitrogen

and phosphorus levels. We attempt to explain the relationship

between bloom accumulation and observed trends in a variety

of physico-chemical environmental parameters. This study will

inform local government management practice by helping to

predict and mitigate the impact of future blooms on water

quality in Taihu lake and in similar lakes elsewhere.

EXPERIMENTAL

Sample collection: Study was conducted in Meiliang Bay,

a large, semi-enclosed bay and one of the most hyper-eutrophic

parts of lake Taihu. Meiliang Bay is located in the northern

region of the lake and has an average depth of 1.8 m. Intensive

cyanobacterial blooms often cover the whole area from June

to September8. The experiment was performed at a field station

of the Taihu Laboratory for Lake Ecosystem Research (TLLER,

31.40°N, 120.22°E)22, located in the southeast of Meiliang Bay,

where blooms usually persist for the whole summer.

On September 24, 2012, the onset of a massive Microcystis

bloom was observed at the TLLER field station at Meiliang

Bay. Three observation sites were chosen for monitoring

bloom-nutrient interactions, as shown in Fig. 1. The open zone

(A), located 240 m offshore, was characterized by an absence

of any macrophyte vegetation. The floating plant zone (B) lay

between 30 and 120 m offshore and had at least 80 % surface

coverage by species including native Trapa bispinosa and

Nymphoides peltatum. The emergent plant zone (C) occupied

a strip just 10-20 m wide, close to the shore and was dominated

by another Taihu native, Phragmites australis.

In the early phase of the study between September 25

and 30, 2012, the potential speed of bloom mat transport

meant that adequate monitoring required water samples to be

collected four times a day, at 6:00, 11:00, 16:00 and 21:00 h.

Later on sampling was reduced to once every three days from

October 2 to 13, 2012. Water from the surface layer (20 cm

depth) and bottom layer (20 cm above bottom sediment) was

sampled for nutrient and chlorophyll a (Chl-a) analysis. Water

temperature, pH, dissolved oxygen (DO) and turbidity (TUR)

were measured in situ using a multi-parameter water quality

Sonde 6600 (Yellow Springs Instruments, USA). Data

pertaining to solar radiation, wind direction and wind speed

during the observation period were obtained from the TLLER

meteorological station.

Analytical methods: Chemical parameters including total

nitrogen (TN), total dissolved nitrogen (DTN), ammonium

 Fig.1. Observation sites in Lake Taihu

(NH4-N), nitrate (NO3-N), total phosphorus (TP), total dissolved

phosphorus (DTP), soluble reactive phosphorus (SRP) and

chlorophyll-a (Chl-a) were quantified in the laboratory accor-

ding to standard methodologies. Samples were filtered through

a membrane filter (GF/F, Whatman, UK) prior to analysis for

total dissolved nitrogen, NH4-N, NO3-N, total dissolved phos-

phorus and soluble reactive phosphorus concentrations in

water. Total nitrogen and total dissolved nitrogen were deter-

mined using the alkaline potassium persulfate digestion method

in unfiltered and filtered water, respectively. NH4-N was

determined by the Nessler's reagent colorimetric method. NO3-

N was analyzed using a Skalar SAN++ flow injection analyzer

with a detection limit of 0.2 mg/L (Skalar Co., Netherlands).

total phosphorus and total dissolved phosphorus were deter-

mined using the molybdenum blue colorimetric method in

unfiltered and filtered water respectively, after digestion with

alkaline potassium persulfate and soluble reactive phosphorus

was analyzed using the ammonium molybdate spectrophoto-

metric method without digestion procedure. The concentration

of chlorophyll-a was determined photometrically at wave-

lengths of 665 nm and 750 nm after filtration on Whatman

GF/F glass filters and 24 h extraction in 90 % hot acetone23.

Chlorophyll-a is a useful proxy for phytoplankton biomass

across a broad trophic gradient of lakes and quantifying Chl-

a levels is a widely accepted means of assessing the biogeo-

chemical status of a water body24,25. Therefore, in this study,

chlorophyll-a values are used as an indicator of the severity of

bloom accumulation.

Data treatment: All water quality data were handled using

Microsoft Excel 2010. Principal component analysis (PCA)

was performed on standardized data using CANOCO for

Windows version 4.5. Correlation analysis and analysis of

variance (ANOVA) were carried out using SPSS 18.0 statistical

software packages for personal computers. Levels of signifi-

cance are reported as non-significant (P > 0.05), significant

(*, 0.05 > P > 0.01) or highly significant (**, P < 0.01) for all

tests.
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RESULTS AND DISCUSSION

Changes in physico-chemical and meteorological para-

meters: Hydrodynamic process is an important physical pheno-

menon, exerting a powerful influence on the distribution of

phytoplankton biomass in shallow lakes26. Wind direction and

wind speed are particularly influential21 and in Taihu, cyano-

bacterial mats are driven by prevailing winds to accumulate in

coastal areas27. Studies of previous blooms (composed mainly

of Microcystis) show that Chl-a concentrations in areas affected

by wind drift are up to five times greater than in areas where

blooms comprise only cyanobacteria grown in situ28. Water

temperature can have a significant effect on algal biomass,

but during the observation period of this study, the weather

was mostly fine, with only one short rain shower on the evening

of October 5. The water temperature at different study sites

varied only slightly during the experimental period, averaging

23.06 °C in the open zone, 22.87 °C in the floating plant zone

and 23.51 °C in the emergent plant zone. These differences

were considered small enough that water temperature could

be eliminated from further consideration in this study.

Fig. 2 shows wind direction, wind speed, dissolved oxygen

and turbidity during the study. Based on changes in these para-

meters, the observation period was divided into four phases:

(1) September 25-28: characterized by relatively consistent

wind speed, averaging a moderate 3 m/s and blowing predomi-

nantly from the southeast. Water turbidity declined slightly in

all three zones during this period and dissolved oxygen concen-

trations were generally stable. (2) September 28-30: wind

direction turned to the northwest and mean wind speed increased

slightly to 3.2 m/s. This phase saw turbidity of surface and

bottom water layers increase and dissolved oxygen concen-

tration increase slightly, too. (3) October 1-7: characterized

by low wind speed averaging 1.8 m/s. Both dissolved oxygen

concentration and turbidity showed decreasing trends in this

period. (4) October 8-13: average wind speed picked up to a

moderate 2.6 m/s, but varied in direction blowing predomi-

nantly northwesterly from October 10-12, but mainly south-

easterly at other times. dissolved oxygen concentration and

turbidity were once again generally stable.

Dissolved oxygen concentration and turbidity in both

surface and bottom layers was seen to vary significantly between

different littoral vegetation zones. Dissolved oxygen concen-

tration was highest in open water zone, averaging 8.97 and

7.84 mg/L in surface and bottom layers, respectively, followed

by the emergent plant zone where surface and bottom dissolved

oxygen averaged 3.71 and 3.05 mg/L, respectively. Dissolved

oxygen levels were lowest in the floating plant zone, averaging

just 2.98 and 0.81 mg/L in the surface and bottom water layers

respectively. Photosynthesis of phytoplankton and physical

mixing are the main increasing factors increasing dissolved

oxygen levels in water during a bloom, while organic decay is

the main factor acting to reduce dissolved oxygen. Where the

water surface is shaded by floating-leaved vegetation, algal

photosynthesis is limited. However, surface cover has relatively

little impact on the decomposition process and since water in

the floating plant zone experiences less hydrodynamic

disturbance, it tends to become hypoxic or anaerobic. The

disturbance caused by wind-wave action is much greater in

the emergent plant zone than in the floating plant zone under

the same wind field conditions. The average turbidities of surface

and bottom water were 45.96 and 43.61 NTU in the emergent

plant zone and this region yielded the highest turbidity values

recorded in the study. The lowest turbidity values in the study

were recorded in the floating plant zone, averaging 19.11 and

22.09 NTU in the surface and bottom layer, respectively.

Variation in Chl-a concentration: Temporal variations

in Chl-a concentration at the study sites in Meiliang Bay are

shown in Fig. 3 and can be resolved into the four phases outlined

below: (1) from September 25 to 28, wind conditions were

not conducive to bloom accumulation in the area and Chl-a

concentrations show a gradually decreasing trend in both

surface and bottom layers of all three zones. (2) From September

28 to 30, winds remained moderate, but changed direction,

becoming northwesterly and Chl-a concentrations begin to

increase overall. This could be taken as evidence that north-

westerly winds favor bloom accumulation in the study area,

were it not that Chl-a levels register a decrease in the emergent

plant zone at this time. This suggests that accumulation of

bloom is less affected by wind direction and more closely

related to wind speed. There is a distinct peak in Chl-a value

at 6:00 am, September 28, with a value of 241.99 µg/L in the

emergent plant zone. (3) From October1 to 7, wind speed

declines steadily, while Chl-a level indicates an accumulation

of cyanobacteria in all three zones, peaking on October 2. Low

wind speeds do little to disperse or move the bloom on and

thus favor accumulation in the study area. This is consistent

with the conclusion of previous authors that small waves are

conducive to algal growth and floating bloom accumulation29.

Later, as wind speed increased, the bloom began to decline and

Chl-a concentration decreased overall. A significant decrease

in Chl-a concentrations was recorded on the evening of October

5 coinciding with a short rain shower. This is in line with

previous studies identifying little or no precipitation as a pre-

condition for bloom accumulation4. (4) From October 8 to 13,

average wind speed was a moderate 2.6 m/s, swinging from

southeasterly to northwesterly on October 10, then back again

on October 12. The extent of bloom accumulation during this

period was relatively stable, with little variation in Chl-a values.

Diurnal trends in average Chl-a concentrations in the

littoral zone are shown in Fig. 4. Data from the open and

floating plant zones show no statistically significant variation,

though a slight increase in Chl-a was observed at night (21:00)

in the open zone, possibly as a result of reduced wind and

wave action. Chl-a levels in the floating plant zone also showed

a slight increase in the afternoon (16:00), coinciding with peak

intensity of solar radiation. Solar radiation supplies the primary

energy for growth of autotrophic phytoplankton and the

intensity of incident light also influences the rate of photo-

synthesis indirectly via other controlling factors30. dissolved

oxygen concentration and plankton reproduction both increase

markedly in the afternoon when solar radiation is strongest,

enhancing bloom formation and boosting Chl-a levels.

In the emergent plant zone, Chl-a levels in both the surface

and bottom water layers show clear daily fluctuations. The

emergent plant zone is more susceptible to hydrodynamic

disturbance than other zones and this is a likely reason for the

dip in Chl-α concentration typically seen early in the day. This
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Fig. 2. Changes in wind direction, wind speed, dissolved oxygen and turbidity during the observation period
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Fig. 3. Temporal variation of Chl-a concentrations of surface and bottom layer
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negative effect is subsequently overridden by the increasing

influence of solar radiation and enhanced dissolved oxygen

levels, both of them benefit phytoplankton growth and repro-

duction and boost Chl-a levels. At the end of the day, Chl-a

concentration decreases again as solar radiation and hydro-

dynamic disturbance both decline, limiting dissolved oxygen

content and phytoplankton growth and reducing the extent of

bloom accumulation.

Chlorophyll-a values in the surface and bottom water layers

differed considerably between different vegetation zones.

Average Chl-a concentrations in the emergent plant zone were

higher than elsewhere, at 84.28 and 49.51 µg/L in surface and

bottom waters respectively, reflecting a differential ability to

trap algal blooms. In the floating plant zone, average Chl-a

levels in surface and bottom waters were 35.59 and 26.98 µg/L,

respectively, while the lowest Chl-a levels were recorded in

the open zone, averaging 23.76 and 19.03 µg/L in surface and

bottom layers respectively. One reason for the enhanced

accumulation of Chl-a in the emergent plant zone is distance

to the shore while different patterns of hydrodynamic distur-

bance also play an important role in bloom capture.

Variation in nutrient concentration: Nitrogen and phos-

phorus are important nutrients for lake algal blooms. Trends

of concentration in different forms of nutrient elements in both

surface and bottom waters were studied. Trends for both total

nitrogen and total phosphorus track those of Chl-a in all three

sites, increasing as the bloom accumulates. This is consistent

with previous results27,31.

Trends in total dissolved phosphorus and soluble reactive

phosphorus contents followed similar patterns, distinct from

that of total phosphorus levels. A peak in total dissolved phos-

phorus and soluble reactive phosphorus on the first day was

followed by a decline, most apparent in the emergent plant

zone, may be due to rapid consumption of soluble phosphorus

and the huge accumulation of fresh Microcystis in the area.

Later in the study, total dissolved phosphorus and soluble reac-

tive phosphorus contents stabilized, with slight fluctuations.

Total dissolved nitrogen content of surface and bottom

waters was relatively high from September 25 to 29, suggesting

that in the early stages of accumulation, the bloom itself was

the source of total dissolved nitrogen. Levels of total dissolved

nitrogen content began to decrease thereafter, but the overall

decline was very small, much less than that observed in total

dissolved phosphorus levels in this phase of the study.

Consumption of phosphorus is faster than that of nitrogen, a

disparity that may be related to nitrogen fixation by cyano-

bacteria. In the early days of the study, NH4-N content is

relatively high, with fluctuations that may be related to the

release of ammonia from sediment and relatively strong

denitrification processes. Later on, NH4-N levels declined

slightly, perhaps as a result of microbial activity and adsorption.

NO3-N levels in surface and bottom layers decreased signifi-

cantly up until October 9, especially during September 25 to

29, tracking the trend in dissolved oxygen concentration. NO3-

N concentrations then stabilized later in the observation period,

except for a significant peak on October 11, which was followed

by further decline.

Total phosphorus and total dissolved phosphorus concen-

trations in both surface and bottom water layers of the emergent

plant zone peaked dramatically in the early phase of the

observation and were significantly higher than in either the

floating plant or open zones before October 5, but declined

rapidly thereafter. Levels of both total phosphorus and total

dissolved phosphorus remained relatively stable in the other

two zones, but floating plant and open water zones differed

from each other in that total phosphorus levels in the open

zone were lower than in the floating plant zone, while, but

total dissolved phosphorus content was the higher. From

October 7, the dramatic decline in total dissolved phosphorus

in the emergent plant zone meant that the open zone then had

the highest total dissolved phosphorus levels of any zone.

soluble reactive phosphorus levels in the floating plant zone

were significantly lower than in the other two regions, but

increased around October 11.

The spatial variation in total nitrogen and total dissolved

nitrogen levels was similar to that seen for total phosphorus

and total dissolved phosphorus. The NH4-N concentration in

the emergent plant zone peaked from September 25 to 29, but

remained stable in the open and floating plant zones and levels

in all three regions were broadly consistent after that. NO3-N

concentrations in all three regions followed a similar pattern,

with no obvious variation during the observation period.

Factors controlling water quality in the littoral zone:

The control of water quality in littoral zones of shallow lakes

is highly complex, but identifying the principal factors is an

essential step towards effective and environmentally appro-

priate management of water resources.

Principal component analysis has proved a useful tech-

nique in previous water quality studies and was used here to

identify significant characteristics of the water quality in the

studied water bodies.

The first three principal components (PCs) extracted by

our analysis explained 79 % of total variance in the raw data

(Table-1). In particular, PC1 (44 %) was associated with

changes in total phosphorus, total dissolved phosphorus, total

nitrogen, total dissolved nitrogen, NH4-N and Chl-a, with

correlation coefficients exceeding 0.70. These parameters are

mainly a reflection of eutrophic index, implicating nutrient
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difference between the floating plant zone and open zone is

also significant (P < 0.05), reflecting that blooms accumulate

more readily in vegetated areas than in open water. In summary,

effect of aquatic vegetation on bloom accumulation is signi-

ficant and the effect of emergent macrophytes is greater than

that of floating plants.

However, the retention of blooms in different vegetation

zones is also different. Cyanobacteria accumulate easily in the

emergent plant zone, but they can also be dispersed more rapidly

than blooms in the floating plant zone. Blooms accumulate

more slowly among floating plants than among emergent

vegetation, but are also more resistant to dispersal, meaning

the accumulation persists for longer. For example, in the early

phase of the bloom observation, average Chl-a levels in surface

waters of the emergent plant zone were 116.25 and 18.55 µg/L

on September 25 and 27, respectively, while on the same dates

average Chl-a concentrations in the floating plant zone were

36.86 and 10.67 µg/L, respectively. These data represent a

decline in surface Chl-a levels of 84 and 71.1 % in the emergent

plant and floating plant zones, respectively. For the bottom

water layers, these decline proportions were 71.5 and 66.5 %,

respectively. This study shows that blooms in the floating plant

zone can be expected to persist longer than those in the emergent

plant zone. Since bloom decay can foster harmful 'black spot'

events, accurate estimates of retention times may be crucial in

predicting and mitigating the impact of bloom events31.

Response of water quality to microcystis bloom accumu-

lation: Accumulation of cyanobacterial blooms has direct and

indirect impacts on a variety of water quality parameters inclu-

ding dissolved oxygen content, turbidity, nutrient content, etc.

Variation in dissolved oxygen and nutrient levels may affect

the growth and decay of cyanobacteria, which can in turn lead

to further changes in dissolved oxygen and nutrient content31.

Bloom accumulation also imposes significant effects on hydro-

dynamic disturbance, the extent of which is reflected in changes

in water turbidity. Hydrodynamic disturbance is an important

factor for cyanobacterial growth and has been previously shown

to have a strong effect on nutrient concentration in shallow

lakes26,34. Previous studies in lake Taihu have demonstrated an

influence of hydrodynamic forces on cyanobacterial growth35

and it has been reported elsewhere that disturbance is also a

factor in the impact of cyanobacterial decomposition in lakes36.

Correlation analysis between Chl-a concentration and

water quality in different littoral vegetation zones in Lake Taihu

was performed by SPSS 18.0 statistical software. Pearson

correlation coefficients and two-tailed test results are shown

in Table-2. It was found that turbidity correlated positively

with Chl-a concentrations in the surface and bottom layers of

all three zones and that the correlation was most significant in

surface waters (P < 0.01). Turbidity was most significantly

affected by bloom accumulation in the emergent plant zone

and the effect was smaller in open water than in either of the

vegetated zones.

Correlation analysis also showed that in open water,

dissolved oxygen contents of both surface and bottom layers

were significantly positively correlated with Chl-a concen-

tration. The correlation of dissolved oxygen to Chl-a in the

floating plant zone was not significant, which reflects that

dissolved oxygen levels there were less influenced by bloom

TABLE-1 
COMPONENT MATRIX FOR PRINCIPAL  

COMPONENT ANALYSIS1) 

Component  

F1 F2 F3 

Chl-a 0.748 0.560 -0.173 

Dissolved oxygen -0.342 0.502 0.683 

Turbidit  0.545 0.610 0.360 

Total phosphorus 0.908 0.321 -0.027 

Total dissolved phosphorus 0.639 -0.428 0.582 

Soluble reactive phosphorus 0.522 -0.440 0.601 

Total nitrogen 0.935 0.253 -0.154 

Total dissolved nitrogen 0.713 -0.527 -0.217 

NH4-N 0.754 -0.295 -0.266 

NO3-N 0.019 -0.335 0.290 

% of Variance 44 20 16 

Weight coefficients (in bold) are higher 

 

levels as principal factors in Chl-a concentration and therefore

in bloom accumulation. However, the spatial distribution of

nutrients within the lake is almost as important as overall nutrient

quantity and re-distribution processes have an important

influence on local bloom accumulation. PC2 (20 %) was charac-

terized by turbidity, indicating that hydrodynamic disturbance

plays a part in controlling nutrient levels, but that the influence

of wind and waves is less significant than that of the bloom

itself. PC3 (16 %) was associated mainly with dissolved oxygen

and soluble reactive phosphorus. Elevated dissolved oxygen may

influence the release of phosphorus from the sediment. Peak

consumption of dissolved oxygen takes place after the main

phase of bloom accumulation, as decay sets in. Overall, variance

of PC1 contribution rate is much higher than that of PC2 and

PC3, indicating that the bloom process is the most significant

influence on lake water quality in the littoral zone.

Effects of aquatic vegetation on accumulation of micro-

cystis blooms: In ecologically balanced lakes the littoral zone

is typically divided into three bands, characterized by macro-

phyte vegetation type. Moving offshore from the bank, we

first see emergent plants, followed by a zone of floating-leaved

macrophyte and then submerged macrophytes, beyond which

lies open water32. Macrophytes contribute significantly to the

primary production of lake littoral zones, supporting both detri-

tivorous and herbivorous components of food webs33. Aquatic

vegetation can also take up large quantities of nutrient from

the environment, which is subsequently released as the plants

decay. Aquatic macrophytes can undoubtedly play a significant

role in the mechanics of bloom accumulation in eutrophic

lakes, but vary in their ability to capture blooms.

The extent to which algal blooms accumulate in the

different littoral zones of lake Taihu varied significantly, with

the fastest and largest accumulations recorded in the emergent

plant zone, where Chl-a concentrations averaged at 84.28 µg/L.

Mean Chl-a concentrations in the floating plant and open zones

were 35.59 and 23.76 µg/L, respectively. Thus, taking average

Chl-a concentration as a proxy for bloom accumulation, we

see that the emergent plant zone has about 2.5 times the bloom

capture capability of the floating plant zone and about 3.5

times that of the open zone. The results show that blooms will

accumulate first in vegetated regions and that accumulations

will be greatest in the emergent plant zone (P = 0.01). The
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accumulation. The influence blooms on dissolved oxygen

levels in the emergent and floating plant zones are greater than

in the open zone, possibly as a result of the opposing influences

of different bloom phases on dissolved oxygen, whereby photo-

synthesis rates and dissolved oxygen strongly increase during

the accumulation phase, but oxygen is rapidly consumed

during decomposition, especially at night time.

This study showed that is the accumulation of cyano-

bacterial blooms is responsible for elevated total nitrogen and

total phosphorus levels. As shown in Table-2, total nitrogen

and total phosphorus contents of surface and bottom waters

are obviously influenced by bloom accumulation in all three

regions and that the correlation is most significant in surface

waters (P < 0.01). Increasing availability of total nitrogen and

total phosphorus then further encourages bloom development.

A previous study has indicated that algal blooms might also

contribute to increased levels of in particulate phosphorus27,37.

Correlation analyses also showed that dissolved nutrients

(total dissolved phosphorus, soluble reactive phosphorus, total

dissolved nitrogen, ammomium NH4-N and nitrate NO3-N) in

surface and bottom layers are also correlated with Chl-a concen-

tration in all three littoral zones. From Table-2, we see that

soluble reactive phosphorus and NO3-N content correlate nega-

tively with Chl-a level and the effect is more obvious in the

bottom layer of the vegetated zones than in surface waters.

This suggests that the accumulating blooms absorb soluble

reactive phosphorus and NO3-N, especially from the bottom

layer. Chl-a values showed some positive correlation with NH4-

N in the three regions, indicating that bloom accumulation

leads to elevated of NH4-N levels and again the effect is most

obvious in the bottom layer. This may be explained by a release

of sediment NH4-N and the bacterial mineralization of organic

substances back to NH4-N.

In summary, the accumulation of cyanobacterial blooms

has a pronounced effect on water quality, leading to changes

in levels of several important nutrients. Changes in total nitro-

gen, total phosphorus, total dissolved phosphorus and soluble

reactive phosphorus are most obvious in the emergent plant

zone, while total dissolved nitrogen, NH4-N and NO3-N concen-

trations change more significantly in the floating plant zone.

Moreover, the diffusion of accumulated nutrients from the

emergent plant zone is faster than from the floating plant zone,

meaning highly enriched conditions are more likely to form

the floating plant zone, especially with respect to dissolved

nutrients. Bloom retention has an obvious positive influence

on dissolved oxygen levels in the latter phases of a bloom event

and phosphorus levels also increase for a period of 2-3 days.

The effect lasts longer in the floating plant zone than in the

emergent plant zone. This study shows that decomposing blooms

produce different effects on dissolved oxygen and nutrient

levels in different aquatic vegetation zones.

Conclusion

Floating Microcystis blooms are very apt to accumulate

in the vegetated margins of shallow lakes such as Taihu lake,

a process that rapidly transports large quantities of nutrient to

the littoral zone. The extent to which floating Microcystis

blooms accumulate in different aquatic vegetation zones differs

considerably. The emergent plant zone has a relatively higher

bloom capture capability than the floating plant zone, but

bloom retention is greater in the floating plant zone. Massive

blooms are thus more likely to decompose in the floating plant

zone, leading to a significant decrease in dissolved oxygen

levels. The floating plant zone of Taihu lake and potentially of

similar shallow eutrophic lakes, is thus a higher risk of fostering

"black spot" events than the emergent plant zone. Vegetation

type and the spatial distribution of incipient blooms in the

littoral zone are therefore important considerations in evalua-

ting the risk of catastrophic algal blooms.
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