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Introduction
Bacterial communities in the buried sediments represent up to one-

third of the earth’s biomass, and was responsible for decomposition 
of organic matter and mineralization of nutrients in freshwater lake 
sediments. Sediments were the reservoir of nutrients for the water 
body and the sediment bacteria drive the nutrient interchange between 
sediment and water which affects the trophic level of the water body 
[1]. The environmental factors determined the bacterial community 
structure, which in turn affects community function, and ultimately 
ecosystem function [2]. Within freshwater environments, investigation 
of the bacterial community in the sediment could provide important 
clues to understanding the key influence factor of bacterial community. 
Thus, it was imperative to understand the bacterial community structure 
in the sediment.

Lake Taihu, the third largest shallow freshwater lake in China, 
was located in the delta of the Yangtze River in Eastern China [3]. The 
lake could be divided into several lake zones with different ecotypes 
according to spatial differences in physical-chemical conditions and 
the plankton community structure. The eutrophic region generally 
was algae-dominated area, and was characterized by the dominance 
of phytoplankton, high water turbidity, and strong algal blooms [4]. 
Meiliang Bay was one of the eutrophic regions on the northern part 
of the lake. The high nutrient load leads to an extremely productive 
phytoplankton population in this region. Recently, as a result of the 
deterioration of water quality, the annual algal bloom was almost 
continuous for half a year especially in the summer and autumn, similar 
to other shallow lakes in the world, such as Lake Okeechobee in USA [5].

In order to understand the bacterial community structures in the 
eutrophication aquatic environments, some studies have been performed 
in Taihu. Wu et al. reported the spatial distribution of the bacterial 
community composition in the water column of 6 different eutrophic 
areas of Lake Taihu and demonstrated that there were significant 
variations in bacterial community composition between different lakes 

[4]. Tang et al. discovered that there was horizontal heterogeneity of 
organic-aggregate-associated bacterial community composition in the 
different lake areas of eutrophic freshwater Lake Taihu [6]. Thus, the 
spatial and temporal variabilities in several environmental parameters, 
such as nitrogen-associated factors, organic matter, and pH, had 
been considered to be the key factors driving the change in bacterial 
community composition [7,8]. Bacterial community was considered to 
be one of the important elements regulating the nutrient release and 
recycle. However, the detailed information about the primary bacterial 
community in eutrophic regions during the period of algae bloom and 
their environmental impact factors was still insufficient.

The important environmental factors had significant effect on 
the microbial community in sediment had received more and more 
attention. However, there was little information about the distribution 
and species composition of the sediment bacterial community in 
Meiliang Bay during the period of algae bloom, especially little was 
known about bacterial community structures contribution to the 
eutrophication lake ecosystem, and which knowledges was very 
important for better understanding of the benthic ecosystem processes 
in eutrophic aquatic environments. Whether the changes in microbial 
assemblages were associated with diverse environmental factors 
has also not been determined. The aim of our study was to examine 
the spatial distribution of sediment bacterial community present in 
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Abstract
Bacterial community structure and the effects of several environmental factors on the spatial distribution of 

bacterial communities were investigated in the sediment of Meiliang Bay in a large, shallow, eutrophic freshwater 
lake. Water and surface sediment samples were collected at 10 sampling sites on 15 September 2013. Based 
on cluster analysis of the DGGE banding patterns, there were no significant variations in spatial distribution of 
bacterial community structure of the 10 sediment samples in the eutrophicated Meiliang Bay. The dendrogram of the 
bacterial community similarities in the 10 samples revealed that samples grouped into two defined clusters with a 
60% similarity. Analysis of DNA sequences showed that the dominant bacterial groups in the Meiliang Bay belonged 
to Proteobacteria, Acidobacteria, Cyanobacterium, Planctomycetes, and Verrucomicrobia, which commonly exist in 
freshwater ecosystems. In addition, some Actinobacteria, Firmicutes, Nitrospirae bacterial groups were also found 
in the Meiliang Bay. The transformation of nitrogen and phosphorus nutrients in the water and sediments of Meiliang 
bay influenced on bacterial community in the sediments. Canonical correspondence analysis demonstrated that 
total nitrogen and total phosphorus in the sediment significantly influenced the bacterial community structure in the 
sediment of Meiliang Bay.

Spatial Distribution of Sediment Bacterial Communities in Eutrophicated 
Meiliang Bay: Correlation with Environmental Factors
Yu Wan1, Jia He2 and Yang Bai3*
1College of Resources and Environment, Southwest University, Chongqing,  P.R. China
2National Research Center for Upper Yangtze Economy, Chongqing Technology and Business University, Chongqing, P.R. China
3The Water and Environmental Research Institute, Chongqing Academy of Environmental Science, Chongqing, P.R. China



Citation: Wan Y, He J, Bai Y (2017) Spatial Distribution of Sediment Bacterial Communities in Eutrophicated Meiliang Bay: Correlation with 
Environmental Factors. J Aquac Res Development 8: 514. doi: 10.4172/2155-9546.1000514

Page 2 of 6

Volume 8 • Issue 10 • 1000514J Aquac Res Development, an open access journal
ISSN: 2155-9546

the eutrophication Meiliang Bay of Lake Taihu during the period of 
algae bloom and to reveal (i) what were the predominant bacterial 
community members of this eutrophic area and (ii) which environment 
factors had significantly impact on bacterial community composition 
in the sediment.

Materials and Methods
Sampling sites and sample collection

Lake Taihu was a shallow eutrophic freshwater lake, located in 
the southeastern part of the delta of the Yangtze River. Meiliang 
Bay, located in the northern part of Lake Taihu, was one of the most 
eutrophic areas and was typically an algae-dominated state in Lake 
Taihu. The water circulation in September driven by wind was from 
north to south of the Meiliang Bay. Within the lake, we worked at 10 
sampling sites in the Meiliang Bay (Figure 1). 

Sediment and water samples were collected in Meiliang Bay on 
15 Sep 2014. Three replicate sediment cores were collected by using 
a piston corer from each of the ten sampling sites. Surface sediments 
(0-2 cm) were taken by using a slicing disc and transferred into sterile 
plastic containers, and immediately stored frozen at -80°C. The bottom 
water from the different sampling sites were transported in 1 L sterile 
flasks, brought into the laboratory, and stored at 4°C.

Analysis of physicochemical parameters

The dissolved oxygen (DO), chlorophyll a (Chl a), Algal Density 
and pH of bottom water were measured in situ using a multiparameter 
water quality sonde (YSI 6600V2, USA). The content of total nitrogen 
(S-TN), ammonium nitrogen (S-NH4), nitrate-nitrite nitrogen (S-NOx), 
total phosphorus (S-TP), total organic matter (TOM) in the sediment 
and the concentration of ammonium (P-NH4), nitrate nitrogen (P-
NO3) in the pore water were measured in the laboratory according 
to Haller et al. [9]. Total nitrogen (W-TN), ammonium nitrogen 
(W-NH4), nitrate nitrogen (W-NO3), total phosphorus (W-TP), and 
Chemical Oxygen Demand (COD) of overlying water measurements 
were conducted as described by Tang et al. [6].

DNA extraction, purification and PCR-DGGE analysis

Sediment DNA was extracted according to Zhou et al. with 
slight modifications [10]. Crude DNA extracts were further purified 
immediately using the Power CleanTM DNA Clean-Up Kit (Mo 
Bio). Purified DNA was used as template for polymerase chain 
reaction (PCR) amplification of partial 16S rRNA gene, by using the 
bacterium-specific primer F341 (5’-CCTACGGGAGGCAGCAG-3’) 
with a 40 bp GC-clamp attached to its 5’ end, and the universal primer 

R518 (5’-ATTACCGCGGCTGCTGG-3’) [11]. The PCR cycling was 
performed in a thermo cycler under the following conditions: 95°C for 
5 min, 30 cycles at 94°C for 30 s, 55°C for 45 s and 72°C for 1 min, 
followed by a final extension at 72°C for 10 min.

The DGGE was performed with a DCodeTM Universal system 
by using 8% (wt/vol) polyacrylamide gel with a denaturing gradient 
ranging from 40 to 65%. The same amount of PCR products with 10 
samples was loaded, and the gel was run initially at 20 V for 15 min, and 
then at 100 V for 16 h at 60°C in 1 × TAE buffer. The gel was stained 
with SYBR Green I solution for 30 min, and photographed with a Gel 
Doc XRTM system. 

A gel documentation system (GelComparⅡ software, Applied 
Maths) was employed to evaluate the bacterial community in the 
different sediment samples, based on a matrix of relation band 
intensities and a binary matrix according to the presence (1) or 
absence (0) of bands. Cluster analysis of the DGGE banding patterns 
obtained from different sediment sampling sites was performed with 
an unweighted pairwise grouping method with mathematical averages 
(UPGMA). 

Cloning, sequencing and phylogenetic analysis 

Before cloning and sequencing, we examined the bacterial 
community composition of sediment using denaturing gradient gel 
electrophoresis (DGGE). The DGGE fingerprints indicated that the 
bacterial community of 10 sediment samples was very similar, and so we 
used only one DNA of sediment samples from site Mei-8 in later cloning 
and sequencing analysis. An approximately 1500 bp fragment of bacterial 
16S rRNA genes was amplified in a thermocycler using the eubacterial 
forward primer 27F (5’-AGAGTTTGATCMTGGCTCAG-3’) and the 
universal reverse primer 1492R (5’-GGTTACCTTGTTACGACTT-3’) 
[12]. The PCR cycling was performed under the following conditions: 
95°C for 5 min, 30 cycles at 94°C for 30 s, 52°C and 72°C for 1 min, with 
an additional 10 min of final extension at 72°C. The PCR products were 
purified immediately with the E.Z.N.A.® Cycle-Pure Kit, and cloned 
into pMD18-T vector according to the manufacturer’s instruction. The 
ligated DNA was transformed into E. coli TOP10 super competent cells. 
The randomly chosen clones were reamplified with the PCR program 
using the primers RV-M and M13-47 that targeted the vector sequences 
to ignore false-positive clones. Representative clones were sequenced 
on an ABI PRISM 3730 automated DNA capillary sequencer (Applied 
Biosystems) by Invitrogen Company (Shanghai, China). Raw sequence 
data were edited manually using the software BioEdit (version 7.0.9), 
which generated high-quality reads of 650-750 bases. Sequences with 
97% sequence similarity to any other were treated as a single phylotype. 
All sequences obtained were checked for potential chimeric sequences 
using the CHECK_CHIMERA program from the Ribosomal Database 
Project (http://rdp.cme.msu.edu). Sequences containing no chimera 
were submitted to a BLAST search (http://www.ncbi.nlm.nih.gov) to 
find closely related sequences.

Statistics Analyses
Canonical correspondence analysis (CCA) were used to analyses 

the relation between sediment bacterial communities and the major 
environmental variables, and the environmental factors were pH, DO, 
S-TN, S-NH4, S-NOx, S-TP, S-TOM in sediment and P-NO3, P-NH4 
in pore water. The correlation analysis was performed with SPSS 18.0.

Nucleotide sequence accession numbers

The 16S rRNA gene sequences obtained in the present study were 
Figure 1: Map of Lake Taihu in China, showing the locations of 10 sampling 
sites in Meiliang Bay.
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available in the GenBank database under the accession numbers: 
KM095136-KM095248.

Results
Physicochemical properties of the samples

The physicochemical parameters of bottom water, pore water and 
sediment of 10 sampling sites in Meiliang Bay were shown in Table 1. 
The temperature of water was 24.5°C in September during the period of 
algae bloom. In the bottom water of Meiliang bay, the average value of 

pH, DO, algal density, chlorophyll a, TN and TP were 8.56, 8.81 mg/L, 
0.88 × 107 cell /L, 6.1 ug/L, 1.03 mg/L and 0.17 mg/L, respectively. The 
concentration of TN, TP, algal density and chlorophyll a were relatively 
high at the Mei-1 and Mei-2 sites. The average value of NH4

+-N was 0.13 
mg/L, which the highest at the Mei-1 site. The average value of NO3

--N 
was 0.17 mg/L, which the highest at the Mei-10 site. The average value 
of COD was 7.08 mg/L, which the highest at the Mei-8 site. The ratios 
of TN/TP in water varied from 4.32 to 8.62.

Of the pore water in the Meiliang bay, the average value of 
NH4+-N was 2.93 mg/L, which the highest at the Mei-7 site. The NO3

-

-N concentration of each sampling sites were little difference, with an 
average value of 0.07 mg/L.

In the sediment of Meiliang bay, the average value TN and TP were 
1032.1 mg/kg and 460.2 mg/kg respectively, which were relatively high 
at the Mei-10 and Mei-8 sites, while the lowest all in the Mei-5 site. The 
average value of TOM was 17.1 mg/kg, which the highest at the Mei-2 
site. The average value of NH4

+-N was 110.13 mg/kg, which the highest 
at the Mei-5 site. The average value of NOx--N was 43.42 mg/kg, which 
the highest at the Mei-6 site. The ratios of TN/TP in sediment varied 
from 1.45 to 2.63.

The correlation analysis showed that DO, Chlorophyll, TN, TP and 
NH4

+-N in the water were significantly and positively correlated with 
the algal density (coefficients between 0.63 and 0.96, p<0.01) (Table 2).

Cluster analysis of DGGE profiles 

The spatial distribution of the bacterial communities in the sediment 
samples was evaluated by DGGE analysis (Figure 2). The number of 
recognized DGGE bands derived from 10 sites varied weakly, with 25 
to 33 bands per sample. The band number was the highest at the Mei-
10 site, while the lowest was at the Mei-1 site (Table 3). The sediment 
samples of site Mei-1 had the lowest genetic diversity, Mei-10 site had 
higher genetic diversity.

An unweighted pair-wise grouping method with mathematical 
averages (UPGMA) dendrogram (Figure 3) was constructed from the 
bacterial DGGE profiles to describe the similarities of the bacterial 
communities in the different samples. The dendrogram showed 
that samples were grouped into 2 defined clusters, which the cluster 
containing only the bacterial communities found in Mei-8 and Mei-

Variables Sites Mei-1 Mei-2 Mei-3 Mei-4 Mei-5 Mei-6 Mei-7 Mei-8 Mei-9 Mei-10

Water

pH 8.62 8.84 8.77 8.75 8.18 8.48 8.53 8.55 8.49 8.43
DO (mg/L) 9.15 9.56 8.9 9.17 7.94 8.43 8.69 8.94 8.63 8.68

Algal Density (107cell/L) 1.26 1.16 0.62 0.92 0.63 0.60 0.98 0.78 0.86 1.03
Chlorophyll (ug/L) 7.6 8.1 4.5 6.4 4.8 4.6 7 5.7 5.5 6.7

TN (mg/L) 1.41 1.58 0.63 0.95 0.66 0.68 1.60 0.72 0.76 1.29
TP (mg/L) 0.22 0.20 0.14 0.18 0.14 0.16 0.19 0.15 0.14 0.17

NH4
+-N (mg/L) 0.37 0.05 0.05 0.23 0.04 0.10 0.09 0.06 0.10 0.19

NO3
--N (mg/L) 0.23 0.07 0.04 0.25 0.06 0.29 0.12 0.14 0.20 0.33
TN/TP 6.56 8.10 4.65 5.42 4.77 4.32 8.62 4.79 5.45 7.49 

COD (mg/L) 8.04 7.84 5.88 7.00 6.68 6.12 6.72 8.92 5.44 8.2

Pore water
NH4

+-N (mg/L) 1.90 3.12 2.82 2.68 3.53 2.44 3.74 2.92 2.78 3.33
NO3

--N (mg/L) 0.07 0.07 0.07 0.07 0.08 0.07 0.08 0.07 0.07 0.07

Sediment

TN (mg/kg) 789.6 1184.4 1097.2 677.6 537.6 1181.6 1064.3 1321.6 1097.6 1369.2
TP (mg/kg) 408.1 478.7 493.1 381.1 370.4 455.7 443.9 569.2 481.3 520.3
TOM (mg/g) 19.1 20.3 19.5 18.8 17.9 16.1 12.2 15.2 13.5 18.6

NH4
+-N (mg/kg) 100.3 135.4 95.6 116.6 156.3 86.3 102.7 86.3 98.1 123.7

NOx
--N (mg/kg) 32.7 63.2 42.1 51.3 46.7 67.6 37.3 30.3 25.7 37.3
TN/TP 1.94 2.47 2.23 1.78 1.45 2.59 2.40 2.32 2.28 2.63 

Table 1: Physico-chemical parameters of the 10 sampling sites for Meiliang Bay of Lake Taihu.

Figure 2: Denaturing gradient gel electrophoresis (DGGE) banding patterns of 
different sediment samples.

Figure 3: Dendrogram for 10 surface sediment samples in the Meiliang Bay 
of Lake Taihu.
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of the first and second axis were 0.295 and 0.208, respectively, and these 
two axes explained 50.3% of the variation in the bacterial community 
composition of the sediment.

Discussion
In the present study, the characterization of both water and 

sediment samples obtained from eutrophic Meiliang Bay offered some 
valuable information. Firstly, the ratios of TN/TP in water varied from 
4.32 to 8.62 (Table 1), which less than 10 [13], indicated that N was 
the limit factor for blooming in Meiliang bay. These observations were 
important for the control of algae bloom in the Meiliang bay, which 
different eutrophic water systems had same parameters, such as N was 
the limit factor in the Lake Daihai in Inner Mongolia of China [14]. 
Secondly, the concentrations of TN and TP in sediments were 560-
1841 and 1898-795 times greater than those in the water, with TN/TP 
ratio of 1.45 to 2.63 (Table 1), demonstrated that the great capacity 
of sediment to serve as a nutrient reservoir for the water. Thirdly, 
the positive correlations among TN, TP, NH4

+-N and algal density 
in the water (Table 2) evidenced from the statistic view that TN and 
TP were the main factors that influenced the growth of algae [15,16]. 
Algal density showed a positive correlation with NH4

+-N in the water 
(R=0.63, p<0.01), but not related to NO3

--N. This was probably because, 
compared to other nitrogen source, phytoplankton absorbed NH4

+-N 
in the water consume less energy [17].

The dendrogram revealed that samples were grouped into 2 defined 
clusters. This reason was that the band number was the higher at the 
Mei-8 and Mei-10 sites, the sediment samples of Mei-8 and Mei-10 had 
the higher bacterial community genetic diversity, and the concentration 
of TN, TP in the sediment of Mei-8 and Mei-10 was relatively high. Our 
CCA results also showed that TN and TP significantly influenced the 
bacterial community structure in the sediment, which led to Mei-8 and 
Mei-10 were grouped into the cluster, and the rest of other sampling 
sites grouped into another cluster.

The dendrogram of bacterial communities’ similarities also showed 
that samples were grouped into 2 defined clusters with a 60% similarity, 
and there were no significant variations in bacterial community 
structure in different sites of Meiliang Bay. This reason might be due 
to algal bloom and homogeneity of sediment organic fractions. First, 
previous research indicated that phytoplankton regimes strongly 
influence bacterial community composition diversity [18]. In our 
research, the value of algal density ranged from 0.60 × 107 to 1.26 × 

10, and another cluster containing the bacterial communities found 
in the rest of other sampling sites. The dendrogram also revealed that 
samples were grouped into two defined clusters with a 60% similarity, 
which demonstrated that there were no significant variations in spatial 
distribution of bacterial community structure of the sediment in the 
Meiliang Bay. 

Clone library analyses and phylogenetic analysis of sequences

In total, 112 non-chimeric partial 16S rRNA gene sequences were 
acquired from the clone libraries from the eutrophicated Meiliang Bay 
(Table 4). The total sequenced clones in libraries were dominated by 
Proteobacteria (40.2%), Acidobacteria (12.5%), Cyanobacteria (10.7%), 
Planctomycetes (8.9%), Verrucomicrobia (8.9%), Bacteroidetes 
(7.1%), Nitrospirae (5.4%), Actinobacteria (2.7%), Firmicutes (1.8%), 
Unclassified bacteria (1.8%). The Proteobacteria was dominated 
by Gammaproteobacteria (12.5%), Betaproteobacteria (12.5%), 
Deltaproteobacteria (11.6%), Epsilonproteobacteria (1.8%) and 
Alphaproteobacteria (1.8%). Comparison of many sequences from our 
libraries with those of uncultured or cultured bacteria from GenBank, 
showed that our sequences most closely resembled those of bacteria 
inhabiting freshwater, sediments, soils, biofilms and activated sludge 
(Table 4). 

Bacterial community composition in relation to sediment 
properties

We prepared a CCA biplot of the DGGE sample (lanes) and the 
nine environmental variables in Meiliang Bay (Figure 4). The plot 
demonstrated that TN and TP in sediment played significant roles in 
the bacterial community composition in the sediment. The eigenvalues 

Variables Physicochemical properties

Water
DO Chlorophyll TN NH4

+-N NO3
--N TP COD

0.66** 0.96** 0.88** 0.63** 0.20 0.89** 0.53*

Sediment
TN TP TOM NH4

+-N NOx
--N - -

0.04 -0.05 0.21 0.14 -0.19 - -

Pore 
Water

NH4
+-N NO3

--N - - - - -
-0.17 0.35 - - - - -

Table 2: Correlation analysis among algal density and physicochemical properties.

Sites Mei-1 Mei-2 Mei-3 Mei-4 Mei-5 Mei-6 Mei-7 Mei-8 Mei-9 Mei-10
Bands 25 26 27 27 26 26 29 32 29 33

Table 3: Analysis of microbial community diversity in sediment.

Phylogenetic group No. of clones Frequency (%)
Alphaproteobacteria 2 1.8
Betaproteobacteria 14 12.5

Gammaproteobacteria 14 12.5
Deltaproteobacteria 13 11.6

Epsilonproteobacteria 2 1.8
Acidobacteria 14 12.5
Actinobacteria 3 2.7
Bacteroidetes 8 7.1

Cyanobacterium 12 10.7
Firmicutes 2 1.8
Nitrospirae 6 5.4

Planctomycetes 10 8.9
Verrucomicrobia 10 8.9

Unclassified 2 1.8
Total 112 100

Table 4: Phylogenetic affiliation of clones constructed with 16S rRNA libraries from 
sample site Mei-8. 

Figure 4: Canonical correspondence analysis (CCA) ordination diagram of 
bacterial communities associated with 9 environmental variables.
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107 cell /L, which were relatively high in each sampling sits. Therefore, 
the occurrence of strong algal bloom in Meiliang Bay might cause 
no significant variations in bacterial diversity between different sites. 
Second, the organic fractions of the sediment of the Meiliang Bay 
mainly derived from the suspended particulate matter of urban sewage 
and the organic remains of algae.

The bacterial groups we detected by sequence analysis were among 
the common groups found in freshwater environments [7]. In general, 
Proteobacteria, Acidobacteria, Cyanobacteria, Verrucomicrobia, 
Bacteroidetes, Actinobacteria and Firmicutes were the dominant phyla 
in the sediments of aquatic environments, which were also detected in 
other eutrophic lakes [9]. 

In our research, the Betaproteobacteria as the most dominant 
bacterial group during the period of algae bloom in the sediments 
of Meiliang bay was a result similar to the observation in a previous 
study [19]. Several studies have demonstrated that Betaproteobacteria 
were the dominant group in most freshwater environments, whereas 
Alphaproteobacteria and Gammaproteobacteria were the indigenous 
community in marine and Detlaproteobacteria a representative 
bacterial lineage in benthic environments [18]. Deltaproteobacteria 
could also be found in aquatic habitats or soils containing abundant 
organic material, and played a key role in the global carbon cycles 
[20]. In addition, Shao et al. reported that Epsilonproteobacteria 
(21.1%) were the second dominant group of sediment bacteria in the 
macrophyte-dominated state, but not in the algae-dominated state. In 
our present study, Epsilonproteobacteria were detected in the sediment 
of Meiliang bay, implied that their distribution did not relate to the 
eutrophic levels.

Acidobacteria was the predominant phylum in the sediment 
of Meiliang Bay of Lake Taihu. Acidobacteria widely distributed in 
various environment, Such as soil, sediment, fresh water, ocean and 
some polluted environment [21]. They also had the ability of resistance 
to metal and acid and able to survive in the extreme environment 
[22]. Acidobacteria and Firmicutes were groups with diverse bacteria 
presenting capacities to degrade and transform a wide range of 
materials or elements [23,24].

Verrucomicrobia accounted for 8.9% of the total bacterial library, 
which mainly distributed in the soil, and most of those bacteria were not 
cultured strains [25]. Zeng et al. also pointed out that Verrucomicrobia 
was commonly present in the sediment of Lake Xuanwu [26]. In addition, 
some research revealed that Verrucomicrobia were relatively more 
prevalent in eutrophic lakes than inoligo- or mesotrophic lakes [27]. Many 
Verrucomicrobia were prosthecate [28], offering them an advantage in 
nutrient uptake or making them more resistant to gazing [7]. 

Planctomycetes was aquatic bacteria with ammoxidation ability 
[29]. We also discovered a lot of Planctomycetes in the bacterial library 
of Meiliang Bay. This might be related to that Planctomycetes was a 
substantial component of the organic aggregates bacterial community 
in Lake Taihu [6].

Actinobacteria were probably one of the most abundant groups 
of freshwater bacterioplankton [30]. Kolmonen et al. pointed out 
that besides mesotrophic Lake Vesijarvi, they also have found 
Actinobacteria in hypereutrophic Finnish Lakes of different nutrient 
and humic content [27]. Haukka et al. discovered that Actinobacteria 
were permanent abundant members of bacterioplankton, but they did 
not respond strongly to the nutrient resources [7]. An experimental 
study also showed that Actinobacteria was the most commonly 
represented phylum in the bacterioplankton communities, accounting 

for 44.8% and 59.4% in the Meiliang Bay and East Taihu clone libraries, 
respectively [4]. 

Cyanobacterium was the major phylum in the bacterial library of 
Meiliang Bay. In our research, the value of algal density was relatively 
high, therefore, the algae death-precipitation process and hydrodynamic 
caused the cyanobacteria exist in the surface of sediment. Shao et al. 
have researched the bacterial community structure in the sediment of 
the macrophyte-dominated and algae-dominated areas in Lake Taihu, 
and discovered that Cyanobacterium was only present in the algae-
dominated site library [31].

Conclusion
The common occurrence of Nitrospirae in our study suggested 

that it was a significant group existing in sediments of eutrophic 
lakes. In previous reports, Nitrospirae had been found in various 
environments, such as sewage disposal plants, soils, freshwater 
aquaria, and freshwater sediments [32,33]. This organism can utilize 
nitrite under microaerophilic conditions. It also grows autotrophically 
by using nitrate as an electron acceptor under anoxic settings. In our 
study, Nitrospirae was commonly found at each sampling site, which 
was consistent with previous reports.

When compared bacterial communities in the same typical 
ecological areas of Lake Taihu with the previous research results, we 
found that there were variations in bacterial community composition 
between two clone libraries of Meiliang bay [19]. In total, from the 
sediment of Meiliang Bay, Shao et al. selected 43 representative clones 
in the clone libraries, by contrast, we selected 112 representative clones. 
Compared with our research, the results of Shao et al. revealed that 
Epsilonproteobacteria, Actinobacteria, Firmicutes, Nitrospirae were 
not found in the sediment of Meiliang Bay. Two reasons lead to the 
difference of two clone libraries. Firstly, it was probably because that 
Shao’s clone library coverage was relatively insufficient. Another 
important reason was that the sampling sites of Shao et al. was in the 
mouth of Meiliang Bay, where the sediments were characteristically 
and frequently re-suspended by wind-wave disturbance that disrupts 
the water-sediment interface [3], and the bacterial community in the 
water column perhaps exchanged the bacterial community in the 
surface sediment.

Our CCA results showed that TN and TP significantly influenced 
the bacterial community structure in the sediment of eutrophicated 
Meiliang Bay, which in agreement with previous studies [4,6,8,34]. 
The nitrogen and phosphorus nutrients were used by algae and 
perhaps precipitated to sediment by the algal cells dead. The 
sediment microorganisms contributed to the release of nitrogen and 
phosphorus nutrients to the water column, which would be a basis for 
the burning of bloom when the temperature was adequate for algal 
growth. Undoubtedly, the transfer and transformation of nitrogen 
and phosphorus nutrients in the water and sediments of Meiliang bay 
were the consequence of bacterial activity, and influenced on bacterial 
community in the sediments. In Lake Taihu, TN has previously been 
reported to have a significant effect on the organic-aggregate-associated 
bacterial communities [6]. A site-specific difference of TP in Lake Taihu 
was identified as a driving force of the intra-habitat heterogeneity of 
microbial food web structure [4]. Li et al. pointed out that the number 
of phosphate-dissolving/decomposing bacteria was directly correlated 
to the total phosphorus concentration in the sediments of Guanting 
reservoir [34]. Furthermore, TP concentration statistically explained 
the differences in the bacterial community composition within 2 
different drainage areas [8].
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