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ABSTRACT
The use of membrane filtration is currently the most common method for collecting bacteria in lake water. However, the impact 
of different filtration volumes on bacterial diversity and community composition in lake water remains unclear. In this study, 
we collected water samples from mesotrophic Lake Bosten and eutrophic Lake Taihu in China. For Lake Bosten, we employed 
six filtration volumes (100, 200, 400, 800, 1600, and 3200 mL), while for Lake Taihu, seven filtration volumes (100, 200, 300, 400, 
500, 1000, and 2000 mL) were used. Subsequently, Illumina MiSeq was employed to sequence the 16S rRNA genes, and statistical 
analyses were conducted on bacterial communities. Our study revealed that the water filtration volume impacts bacterial diver-
sity, community structure, and taxonomic composition in both lakes. Based on the comprehensive consideration of the research 
results, we recommend using a filtering volume of 400–800 mL in mesotrophic lakes and 200–400 mL in eutrophic lakes for 
bacterial community studies.

1   |   Introduction

In aquatic ecosystems, bacteria play a crucial role as key compo-
nents of biogeochemical cycles. They are primary decomposers 
of organic matter (Cole et al. 1988; Cotner and Biddanda 2002) 
and have significant impacts on element fluxes and water quality 
in aquatic ecosystems (Pernthaler and Amann 2005). Lakes, as 
important wetland resources, play a vital role in the global car-
bon cycle (Cole et al. 2007) and are considered early indicators 
of global environmental and climate change (Adrian et al. 2009; 
Magnuson et al. 1990; Williamson et al. 2008). Currently, bac-
terial collection from lake water typically involves membrane 
filtration for subsequent research and analysis. However, the 
influence and biases of filtration water volume on bacterial 

diversity in lake water during membrane filtration are not well 
understood.

Most literature addressing the impact of filtration on bacterial 
diversity predominantly focuses on seawater as the research 
sample. Several studies have shown that different types of 
filters can affect marine bacterial activity, DNA extraction 
efficiency, and planktonic community structure (Djurhuus 
et al. 2017; Gasol and Morán 1999). Additionally, a few studies 
have indicated that water filtration volume may also influence 
DNA extraction efficiency and microbial community structure 
in seawater (Boström et al. 2004; Padilla et al. 2015). In con-
trast, studies on freshwater samples are relatively scarce. Less 
research has pointed out that filters with different pore sizes 
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can affect bacterial diversity in lake water (Xie et  al.  2020). 
Moreover, sample preparation methods and sample volume 
prior to DNA isolation (with the study only comparing differ-
ent sample volumes when using eluate for DNA extraction) 
can also influence the results of next-generation sequencing 
(Furtak et al. 2024).

Currently, there is substantial variability and inconsistency 
in the filtration volumes used for studying lake microbial 
communities. For instance, studies on microbial communi-
ties in eutrophic lakes use sample filtration volumes ranging 
from approximately 100 to 1000 mL (Lefranc et al. 2005; Yan 
et al. 2017; Ji et al. 2019; Xie et al. 2020). Similarly, studies on 
microbial communities in oligotrophic to mesotrophic lakes 
vary in sample filtration volumes, ranging from less than 100 
to 1500 mL (Lefranc et al. 2005; Orellana et al. 2018; Richards 
et al. 2005; Xie et al. 2020). Some studies focusing on bacte-
rial cultivation have filtration volumes as low as a few milli-
liters (Hahn et al. 2003), while others investigating microbial 
diversity in lakes of different nutrient states use consistent 
filtration volumes for both oligotrophic and eutrophic lakes 
(Zwirglmaier et al. 2015). The extent to which different filter-
ing volumes affect bacterial community analysis is currently 
poorly understood. This leads to some uncertainty in the com-
parability of literature using different filtering volumes for 
bacterial diversity studies.

Theoretically and intuitively, bacterial species diversity 
should increase with a larger filtration volume because a 
larger volume is expected to contain rare taxa that smaller 
volumes might miss. However, the high-throughput sequenc-
ing technology commonly used in bacterial diversity studies 
is based on PCR amplification. Amplification biases can favor 
the detection of dominant taxa, especially in larger volumes, 
which can overshadow rare species and artificially reduce 
the observed richness. Moreover, during the construction 
of clone libraries in high-throughput sequencing, an equal 
amount of PCR amplification product is usually used for li-
brary construction and sequencing, meaning that not all of 
the initially extracted DNA is used in the final sequencing 
process. Therefore, a larger filtration volume may not nec-
essarily result in higher observed bacterial species diversity. 
For example, in soil microbial studies, it has been shown 
that although sample volume can significantly affect micro-
bial diversity and community structure, a larger sample vol-
ume does not necessarily guarantee higher species diversity 
(Christie and Beattie 1987; Ellingsøe and Johnsen 2002; Kang 
and Mills  2006; Li et  al.  2023; Penton et  al.  2016; Ranjard 
and Richaume 2001). Similarly, could this phenomenon also 
occur when using different filtration volumes in freshwater 
bacterial diversity studies? As the nutrient levels in the lake 
increase, the concentrations of nitrogen and phosphorus in 
the water gradually rise, leading to excessive algal blooms and 
making the water more difficult to filter (Shapiro  1980; Qin 
et al. 2006, 2013; Zhu et al. 2010). Therefore, in this study, we 
investigated the impact of filtration volume on bacterial di-
versity and community structure by applying different filtra-
tion volume gradients to samples from the mesotrophic Lake 
Bosten and the eutrophic Lake Taihu (Figure S1). We hypothe-
size that the filtering volume significantly influences bacterial 

diversity and community composition analysis results, and 
the optimal filtering volume varies between the two lakes.

2   |   Materials and Methods

2.1   |   Study Area, Sample Collection, and Filtration

Lake Bosten is located in the arid region of northwest China, 
characterized by a mesotrophic status, with a surface area of 
1064 km2 and an average depth of 7.0 m. Prior to 1971, Lake 
Bosten was a freshwater lake. However, due to climate change 
and human activities, it transformed into an oligo-saline lake 
with an average total dissolved solid (TDS) of 1.5 g/L. Since 
2014, the water level has been rising, and by 2019, the TDS 
was measured to be less than 1 g/L, indicating a return to 
freshwater status (Tang et al. 2022). In this study, the phys-
icochemical properties measured included a TDS concentra-
tion of 941 mg/L (Table S1). Lake Taihu, situated in the humid 
region of eastern China, is eutrophic with a surface area of 
2238 km2 and an average depth of 1.9 m (Figure  S2). Lake 
Bosten exhibits stratification in deeper areas of the water 
during the summer (with the deepest point around 16 m), but 
Lake Taihu does not.

In the summer of 2023, we collected epilimnetic water sam-
ples from Lake Bosten (41°53′10.94″ N, 86°50′45.93″ E) and 
Lake Taihu (31°25′7.92″ N, 120°12′47.61″ E) (sampling loca-
tions shown in Figure S2), approximately 0.5 m in depth. We 
collected five 10 L water samples from each lake's sampling 
point and within a 20-m radius. The five samples from each 
lake were then thoroughly mixed to obtain a 50 L composite 
water sample for Lake Bosten and Lake Taihu, respectively. 
The field-collected water samples were gathered using ster-
ile containers and subsequently transferred to the laboratory. 
For Lake Bosten, subsamples were taken in volumes of 100, 
200, 400, 800, 1600, and 3200 mL, while from Lake Taihu in 
volumes of 100, 200, 300, 400, 500, 1000, and 2000 mL. For 
each filtration volume, three replicates were determined: 18 
samples from Lake Bosten and 21 samples from Lake Taihu, 
totaling 39 samples.

Subsequently, water samples were filtered through sterile 0.2 μm 
pore-size polycarbonate membranes (Millipore, USA) using a 
vacuum filtration system. Prior to filtration, membranes were 
pre-rinsed with sterile distilled water to minimize contamina-
tion. As per the experimental protocol, each sample was filtered 
with a predetermined volume through membrane filtration (ad-
ditional membranes were used in case of membrane clogging). 
All membranes from the same sample are then combined into 
a single 2, 5, or 15 mL cryotube, depending on the number of 
membranes used for each sample, and stored at −80°C until 
DNA extraction.

2.2   |   Physical and Chemical Parameter Analysis

During the sample collection process, on-site measurements 
of environmental factors were conducted at approximately 
50 cm depth using a multi-parameter water quality probe (YSI 
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EXO2, Yellow Springs Instruments Inc., USA). The measured 
parameters included water temperature (WT), salinity (Sal), 
pH, and dissolved oxygen (DO). Transparency (SD) was deter-
mined using a Secchi disk. Standard methods were employed 
to measure total nitrogen (TN), total dissolved nitrogen 
(TDN), total phosphorus (TP), total dissolved phosphorus 
(TDP), chlorophyll-a (Chl-a), suspended solids (SS), sus-
pended solids concentration (ISS), and loss on ignition (LOI) 
(Bridgewater et al. 2017).

2.3   |   Bacteria Counting

A volume of 1000 μL of the original water sample was mixed 
with 60 μL of formaldehyde (resulting in a final concentration 
of approximately 2%), and the mixture was fixed overnight at a 
constant temperature of 4°C. The following day, the fixed sam-
ples were transferred to −20°C for storage until bacterial count-
ing. Prior to counting, SYBR Green I (Sigma-Aldrich), diluted 
in dimethyl sulfoxide to a final concentration of 1:10,000, was 
added for staining. The staining process was maintained in the 
dark at room temperature. Yellow-green fluorescent beads with 
a diameter of 1.0 μm were utilized as calibration and counting 
standards. Bacterial counting was performed using a flow cy-
tometer (Becton Dickinson) according to previous literature 
(Gong et al. 2017).

2.4   |   DNA Extraction, PCR Amplification 
and Sequence Analysis

DNA extraction from the samples was carried out using the 
FastDNA Spin Kit for Soil (MP Biomedicals). According to the 
manufacturer's instructions, all membranes removed from the 
cryotube were carefully cut into small pieces and combined 
into a single sample for processing. The membranes were then 
mixed with reagents in the specified proportions to ensure 
optimal lysis and DNA recovery. The V3–V4 hypervariable re-
gion of the bacterial 16S rRNA gene was amplified using the 
primer set 338Fand 806R (Fadrosh et al. 2014). The PCR reac-
tions were conducted as described earlier (Xie et al. 2021), and 
pair-end sequencing was performed on the Illumina MiSeq 
platform (Illumina, USA) following the standard protocols 
of Guangdong Magigene Biotechnology Co. Ltd. (Shenzhen, 
China).

After demultiplexing, quality filtering, denoising, removing of 
chimeras, chloroplasts, and low-abundance unique sequences 
(< 10 reads), we generated 2,776,914 high-quality reads from the 
18 samples of Lake Bosten (averaging 154,273 reads per sample) 
and 3,114,959 high-quality reads from the 21 samples of Lake 
Taihu (averaging 148,331.4 reads per sample). The original se-
quences were analyzed using QIIME2 Core 2023.2 distribution 
(Bolyen et  al.  2019), employing the DADA2 plugin (Callahan 
et al. 2016) for filtering, denoising, and quality control. This pro-
cess yielded a feature table containing amplicon sequence variants 
(ASVs). Subsequently, the q2-feature-classifier plugin (Bokulich 
et al. 2018), utilizing a naive Bayes classifier based on the SILVA 
v138 database, was employed to classify representative sequences. 
ASVs with low abundance (< 10 reads) were filtered out to mini-
mize random sequencing errors (Chao et al. 2024).

2.5   |   Statistical Analysis

This study conducted statistical analyses using R version 
4.3.1. Data visualization was performed using the “ggplot2” 
and “vegan” packages in R software (Oksanen et  al.  2009; 
Wilkinson 2011).

Bacterial α-diversity indices, including Richness, Shannon, 
Faith phylogenetic diversity (Faith PD) and Evenness Index, 
were calculated for Lake Bosten and Lake Taihu based on 
minimum sequencing depths of 55,919 reads. To examine 
differences in bacterial α-diversity among different filtra-
tion volumes, a non-parametric Kruskal–Wallis test was 
conducted. Non-metric multidimensional scaling (NMDS) 
based on Bray–Curtis distance was performed to visually 
display the differences in bacterial community structure be-
tween samples filtered at different volumes and among differ-
ent replicates within the same filtering volume. The smaller 
the distance, the greater the similarity in community com-
position. Analysis of similarity (ANOSIM) and analysis of 
multivariate dispersion (ADONIS) were carried out to test dif-
ferences among samples with different filtration volumes (Bai 
et al. 2022; Louca et al. 2016).

3   |   Results

3.1   |   Environmental Characterization

Characteristics of main environmental parameters and bac-
terial abundance are presented in Table S1. There were pro-
nounced differences in nutrients between the two lakes. The 
TN concentration in Lake Taihu was approximately three 
times higher than that in Lake Bosten, and the TP concen-
tration was 25 times higher in Lake Taihu compared to Lake 
Bosten. The concentrations of Chl-a in Lake Taihu were about 
50 times higher than that in Lake Bosten. The bacterial abun-
dance in Lake Taihu was about 17 times higher than that in 
Lake Bosten.

3.2   |   Bacterial α-Diversity Among Different 
Filtration Volumes

The rarefaction curves for Shannon, Faith PD, and Richness in-
dices of α-diversity for the two lakes are shown in Figure  S3. 
As sequencing depth increased, the curves reached a saturation 
stage, indicating that the samples captured most of the bacte-
rial species present in each filtered volume. The differences in 
α-diversity indices among different filtration volumes were not 
statistically significant (Kruskal–Wallis test, p > 0.05) for both 
Lake Bosten and Lake Taihu, but subtle differences were ob-
served (Figure 1). Specifically, with increasing filtration volume, 
the Richness and Faith PD indices showed a trend of initially 
increasing and then decreasing, with the maximum values ob-
served at a filtration volume of 800 mL in Lake Bosten. The val-
ues of the Shannon and Evenness indices for bacteria exhibited a 
trend of initially decreasing and then increasing, with the max-
imum values observed at a filtration volume of 100 mL, and the 
samples filtered at 1600 mL had the lowest values for all four α-
diversity indices. Based on the rarefaction curves, we observed 
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that the 800 mL samples in the Faith PD index reached satura-
tion the latest, at a sequencing depth of approximately 40,000. In 
the Richness index, the 400 and 800 mL samples reached satu-
ration the latest, at a sequencing depth of approximately 50,000 
(Figure S3). In Lake Taihu, the values of the Richness and Faith 
PD indices for bacteria exhibited slight fluctuations with increas-
ing filtration volume, reaching the maximum at a filtration vol-
ume of 200 mL. The values of the Shannon and Evenness indices 
were relatively uniform across all seven treatments, showing no 
apparent changes. Additionally, in the Faith PD index rarefac-
tion curves, the 200 and 400 mL samples reached saturation 

the latest at a sequencing depth of approximately 40,000. In the 
Richness index rarefaction curves, the 400 mL sample reached 
saturation the latest, at a sequencing depth of around 45,000.

3.3   |   Bacterial β-Diversity Among Different 
Filtration Volumes

The results of NMDS analysis, as well as ADONIS and ANOSIM 
tests, indicated that different volumes of filtered water had a cer-
tain impact on the bacterial community structure of both Lake 

FIGURE 1    |    Comparison of the diversity indexes of Shannon, Richness, Faith PD, and Evenness in different filtered water volumes in Lake Bosten 
and Lake Taihu. The error bar represents the standard deviation among three parallel samples for each treatment. The Kruskal–Wallis test was used 
to check Figure 1 among the treatments, and Holm correction of p-value correction by multiple comparisons was used. The p-values of the statistical 
tests are all > 0.05, indicating that the α-diversity did not change significantly among the different filtration volumes.
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Bosten and Lake Taihu (Figure 2). Specifically, in Lake Bosten, 
there were statistically significant differences in the bacterial 
community structure among samples filtered with six different 
volumes of water (p < 0.05). Samples filtered with a volume of 
100 mL showed particularly large differences compared to the 
others. Samples filtered with a volume of 200 mL showed distinct 
variations within the triplicates. In Lake Taihu, the ADONIS 
results show that there were relatively small differences among 
the seven treatments (p > 0.05), but according to the ANOSIM 
analysis, there were still some features or variables that could 
distinguish the bacterial communities under different filtered 
volumes (p < 0.05).

3.4   |   Bacterial Taxonomy Among Different 
Filtration Volumes

It was observed that in both lakes, the proportions of major 
bacterial phyla varied with increasing filtration volume 
(Figure 3). Specifically, in Lake Bosten, the top five bacterial 
phyla were Actinobacteria, Proteobacteria, Patescibacteria, 
Chloroflexi, and Verrucomicrobia (Figure  3A). The propor-
tion of Actinobacteria was relatively smaller in samples fil-
tered at 800 and 3200 mL. The proportion of Proteobacteria 
generally increased with the increase in filtration vol-
ume, while Patescibacteria had the highest proportion in 
the 800 mL sample and the lowest in the 1600 mL sample 
(Figure 3B). In Lake Taihu, the top five bacterial phyla were 
Actinobacteria, Proteobacteria, Bacteroidetes, Cyanobacteria, 
and Verrucomicrobia (Figure  3C). The proportion of 
Actinobacteria did not show significant changes with increas-
ing filtration volume. The proportion of Proteobacteria tended 
to gradually increase, while the proportions of Bacteroidetes, 
Cyanobacteria, and Verrucomicrobia tended to decrease with 
increasing filtration volume (Figure 3D).

At the genus level (Figure  4), members of the Actinobacteria 
branch, including CL500-29 and hgcI clade, dominate in Lake 
Bosten. Moreover, we found that the proportion of Reyranella, 
which belongs to the α-Proteobacteria, is very small when fil-
tering water volumes are 100–200 mL, but gradually increases 

with increasing filtering volume, reaching its maximum propor-
tion when the filtering volume is 800 mL, and then stabilizes. In 
Lake Taihu, when the filtering volume is 100–200 mL, there is a 
distinctly higher proportion of Fluviicola in one of the replicates 
compared to other treatments, while Pseudomonas gradually ap-
pears and occupies a certain proportion when the filtering vol-
ume ranges from 500 to 2000 mL.

Furthermore, the coefficient of variation (CV) indicates that 
when the filtration volume is between 400 and 800 mL, the CV 
of the top five bacterial phyla in Lake Bosten is relatively small, 
and the average CV value is also relatively low (Table 1). In Lake 
Taihu, the average CV of the dominant bacterial phyla is small-
est when the filtering volume is 300 mL (Table 2). Additionally, 
the CVs of the dominant bacterial phyla are relatively small 
when the filtering volume ranges from 200 to 400 mL.

4   |   Discussion

The results of this experiment indicate that the volume of fil-
tered water affects bacterial diversity, community structure, and 
taxonomic composition in lakes with different nutrient levels. 
Here we will discuss which filtering volume range is most rec-
ommended for the study of bacterial communities in mesotro-
phic and eutrophic lakes.

4.1   |   Filtration Volumes Ranging From 400 to 
800 mL Are Recommended for Bacterial Community 
Research in Mesotrophic Lakes

Our experimental results suggest that filtering water samples of 
400–800 mL volume is more appropriate for studying bacterial 
diversity in mesotrophic lakes. In Lake Bosten, when filtration 
volumes are between 400–800 mL, the Richness and PD indi-
ces of α-diversity are maximized, and Shannon and Evenness 
indices also rank high (Figure  1). Moreover, according to α-
diversity analysis, bacterial diversity is lower when the filtration 
volume is 1600 mL, indicating that there is not a positive correla-
tion between filtering volume and bacterial diversity (Boström 

FIGURE 2    |    Nonmetric multidimensional scale (NMDS) of the distance between samples of Lake Bosten and Lake Taihu under different filtered 
water volumes. Analysis of similarity (ANOSIM) and analysis of multivariate dispersion (ADONIS) were used to examine differences among differ-
ent filtration volumes.

ADONIS=0.40*   ANOSIM=0.26**

Stress=0.08 Stress=0.10

ADONIS=0.11  ANOSIM=0.29**

0.2

0.1

0.0

-0.1

-0.2

-0.3

N
M

D
S2

NMDS1
-0.3 -0.2 -0.3  0.0  0.1  0.2  0.3

 0.2

0.0

-0.2

-0.4
-0.25 0.00 0.25 0.50 0.75

NMDS1

N
M

D
S2

  Filtration 
   volume
      (mL)

  Filtration 
   volume 
      (mL)

Lake Bosten Lake Taihu



6 of 11 Ecology and Evolution, 2025

et al. 2004). Hence, larger filtering volumes are not necessarily 
better.

From the perspective of β-diversity (Figure 2), when filtration 
volume is 400–800 mL, the differences in community among the 
replicates are relatively small, indicating reliable repeatability. 
In contrast, when the filtration volumes are 100 and 200 mL, sig-
nificant differences exist in bacterial communities among repli-
cates, suggesting greater dispersion and less representativeness. 
However, with filtering volumes ranging from 400 to 800 mL, 
the differences in bacterial communities among replicates and 
treatments diminish and tend to be consistent, better reflecting 
the bacterial community structure of Lake Bosten. This aligns 
well with the requirements for subsequent analysis.

In terms of taxonomic composition, filtration volumes of 400–
800 mL are more suitable compared to other filtration volumes. 
At the phylum level, the dominant bacterial phyla in Lake Bosten 
are Actinobacteria and Proteobacteria, consistent with other 
related research results (Figure  3A) (Feng et  al.  2019; Hugoni 
et  al.  2017). Actinobacteria have been shown to encompass 

lineages with varying salinity preferences (Liu et  al.  2015; 
Shen et  al.  2018). Additionally, at the phylum level, taxa such 
as Patescibacteria, Chloroflexi, and Verrucomicrobiota, which 
have relatively low abundance, increase significantly when the 
filtering volume ranges from 400 to 800 mL (Figure 3B). At the 
genus level, CL500-29 and hgcI clade dominated in Lake Bosten 
(Figure 4). They are particularly inclined towards distribution 
in low salinity freshwater lakes, serving as strong indicators of 
oligo-to-mesohaline conditions (Mohapatra et al. 2020). This is 
consistent with the fact that Lake Bosten was previously in an 
oligo-saline state (Tang et al. 2020, 2022). The genus Reyranella 
thrives in freshwater environments (Pagnier et  al.  2011). In 
Lake Bosten, the relative abundance of Reyranella is relatively 
low when the filtration volume is less than 400 mL. As the fil-
tration volume increases beyond 400 mL, the relative abun-
dance of Reyranella rises and stabilizes. This suggests that a 
filtration volume between 400 and 800 mL is more suitable for 
capturing the structural characteristics of the bacterial commu-
nity. Moreover, the small average coefficient of variation values 
obtained using the filtration volumes between 400 and 800 mL 
(Table 1) suggest that the bacterial community composition has 

FIGURE 3    |    Relative abundance of major bacterial phyla in different filtration volumes (mL) of Lake Bosten (A) and Lake Taihu (C). The top 10 
most abundant bacterial phyla are shown individually, with smaller taxa grouped as “other”. The vertical ladder diagram showed the change of rel-
ative abundance of the top 10 phyla under different filtration volumes in Lake Bosten (B) and Lake Taihu (D).
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lower dispersion and smaller differences, making it more suit-
able for bacterial diversity analysis. The data of filtered water 
samples with a filtration volume of more than 800 mL is also 
relatively good, but 400–800 mL water samples are sufficient to 
support the study of bacterial diversity, and the bacterial com-
munity structure is relatively stable, which greatly saves time 

and research costs. For example, Aguayo et  al.  (2017) chose 
500 mL as the volume of filtered water sample when comparing 
the bacterial diversity of three oligotrophic lakes in Patagonia. 
Xing et al. (2020) selected 600 mL as the filtered water sample 
when studying stratification of microbiomes during the holo-
mictic period of oligotrophic Lake Fuxian. Liu et al. (2015) chose 

FIGURE 4    |    Relative abundance of major bacterial genera in different filtration volumes (mL) of Lake Bosten and Lake Taihu. The top 10 most 
abundant bacterial genera are shown individually, with smaller taxa grouped as “others”.
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filtered water samples ranging from 500 to 1000 mL when eluci-
dating the response of bacterial communities in Lake Bosten to 
environmental changes. All three studies yielded relatively good 
results. Therefore, we recommend 400–800 mL of filtered water 
sample volume for the study of bacterial diversity in mesotro-
phic lakes. It seems that 800 mL filtration volume is also suitable 
for bacterial community study in oligotrophic lakes.

4.2   |   Filtration Volumes Ranging From 200 to 
400 mL Are Recommended for Bacterial Community 
Research in Eutrophic Lakes

Our findings from Lake Taihu suggest that filtration samples 
with volumes ranging from 200 to 400 mL is more suitable for 
studying bacterial communities in eutrophic lakes. According to 
the results of α-diversity analysis (Figure 1), the highest richness 
and Faith PD are observed when filtering water volumes range 
from 200 to 400 mL, although the differences among different 
filtering volumes are not significant.

From the perspective of β-diversity (Figure 2), when the filtering 
volume is 300 mL, the internal differences among replicates are 
the smallest, indicating high repeatability of bacterial commu-
nity structures. Furthermore, as the filtering volume gradually 
increases to 1000 and 2000 mL, the community structures be-
come more similar to those from the 300 mL filtering volume. 
Therefore, it appears that a sample volume around 300 mL is 
preferable, reducing the time and cost of species analysis and 
making them more suitable for bacterial β-diversity analysis.

In terms of taxonomic composition, the main bacterial phyla 
are Actinobacteria and Proteobacteria (Figure  3C), consistent 
with findings from eutrophic lakes such as Lake Donghu (Feng 

et al. 2019; Ji et al. 2019). Additionally, the proportions of bacte-
rial phyla with relatively low abundance, such as Cyanobacteria, 
Verrucomicrobiota, and Planctomycetota, gradually increase 
and stabilize with the filtering volume ranging from 200 to 
400 mL (Figure 3D). High filtering volumes (> 500 mL) can re-
sult in an increase in the abundance of certain rare bacterial 
genera, such as Pseudomonas (Figure 4). Pseudomonas species 
are typically uncommon in freshwater (Newton et  al.  2011); 
however, as the filtered volume increases, the relative abun-
dance of Pseudomonas also increases. This suggests that in-
creasing the volume of filtered water makes it easier to detect 
some specific rare bacterial species. Furthermore, when the 
filtering volume ranges from 200 to 400 mL, the CVs are rela-
tively small (Table 2), suggesting smaller differences and better 
representation in taxonomic composition compared to other 
treatments. This filtering volume range is also widely utilized 
in other studies. For example, Ren et al. (2019) opted for a vol-
ume of 200 mL when examining the functional characteristics 
of the bacterial community in a eutrophic river. Similarly, Xie 
et  al.  (2020) selected 300 mL as the filtered water sample vol-
ume from two eutrophic lakes to explore the impact of particle 
collection methods on bacterial diversity. Hu et al. (2020) used 
400 mL as the filter water sample volume when investigating the 
relationship between free-living and particle-attached bacteria 
in mesotrophic to eutrophic Lake Wuli.

4.3   |   Species Richness and the Coefficient 
of Variation (CV) of Dominant Bacterial Phyla

We observed that species richness does not necessarily in-
crease with larger volumes; for instance, in Lake Bosten, spe-
cies richness actually decreased when the filtration volume 
exceeded 800 mL. We speculate that this may be due to two 

TABLE 1    |    Coefficient of variation (CV, %) and the mean values of the top five bacterial phyla with different filtration volumes in Lake Bosten.

Phylum 100 200 400 800 1600 3200

Actinobacteriota 5.8 10.4 2.9 3.5 5.9 5.5

Proteobacteria 20.5 20.2 16.5 9.7 13.6 16.5

Patescibacteria 20.6 33.2 7.8 15.2 16.9 25.5

Chloroflexi 48.5 11.4 13.4 21.6 13.2 11.8

Verrucomicrobiota 40.9 50.6 27.1 27.7 45.9 56.1

Mean 27.3 25.2 13.5 15.6 19.1 23.1

TABLE 2    |    Coefficient of variation (CV, %) and the mean values of the top five bacterial phyla with different filtration volumes in Lake Taihu.

Phylum 100 200 300 400 500 1000 2000

Actinobacteriota 10.5 4.5 1.8 9.2 14.6 12.8 5.4

Proteobacteria 17.5 13.6 1.8 22.5 26.6 24.7 18.9

Bacteroidota 57.6 41.2 12.4 44.1 32.6 33.7 16.3

Cyanobacteria 40.2 16.1 2.0 26.3 50.8 26.0 18.9

Verrucomicrobiota 17.3 14.6 26.0 1.1 31.6 12.3 18.8

Mean 28.6 18.0 8.8 20.6 31.2 21.9 15.7
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main reasons: First, the overrepresentation of dominant taxa 
in larger volumes, where dominant taxa are more likely to be 
captured in greater quantities, which can lead to their prefer-
ential amplification during sequencing (Penton et  al.  2016). 
This amplification may obscure the detection of rare species, 
resulting in a lower observed richness (Gonzalez et  al.  2012). 
Second, during high-throughput sequencing, an equal amount 
of PCR product is typically used for library construction and se-
quencing, meaning not all extracted DNA is sequenced. Thus, 
larger sample volumes may not necessarily lead to higher ob-
served bacterial diversity (Christie and Beattie 1987; Ellingsøe 
and Johnsen 2002; Kang and Mills 2006; Li et al. 2023; Penton 
et al. 2016; Ranjard and Richaume 2001). We also observed that 
the coefficients of variation (CV) of the dominant bacterial phyla 
in both lakes were relatively high outside the recommended 
filtration volumes. We speculate that the higher species CV in 
smaller filtration volumes is due to a greater susceptibility to 
random effects and sampling biases. With smaller filtration 
volumes, there is a higher likelihood of capturing only a small 
portion of the microbial community, leading to greater differ-
ences between replicates as random fluctuations play a more 
significant role (Forcino et al. 2015). In contrast, the higher CV 
observed in larger filtration volumes can be attributed to the 
increased probability of detecting low-abundance species that 
were not captured in smaller volumes, potentially resulting in 
greater variability between samples (Turner et al. 2014; Forcino 
et al. 2015; Sepulveda et al. 2019).

Our experimental results also suggest that the impact of fil-
tering volume on mesotrophic lakes may be more significant 
than that on eutrophic lakes. In the water samples from Lake 
Taihu, there is relatively little variation in the four indices of 
bacterial α-diversity with increasing filtering volume, without a 
clear trend (Figure 1), whereas Lake Bosten exhibits more pro-
nounced trends. The differences in bacterial community com-
position among different filtering volumes in Lake Taihu are 
minor, whereas significant differences exist in Lake Bosten, es-
pecially in the bacterial community composition when filtered 
at 100 and 200 mL compared to the other four filtering volumes 
(Figure 2). Additionally, the changes in the dominant bacterial 
phyla in Lake Taihu with different filtering volumes are smaller 
than those in Lake Bosten (Figure 3).

All samples were collected in August 2023 to minimize tem-
poral variability. We also acknowledge the limitations of our 
experiment and recognize the importance of conducting re-
peat experiments using samples from more lakes with different 
nutrient levels. We emphasize that our study and findings are 
merely preliminary explorations. In the future, more extensive 
research, including a broader range of nutrient levels and in-
creased replicates, is needed to ensure more comprehensive and 
reliable results.

5   |   Conclusions

Our experimental results indicate that filtration volume affects 
bacterial diversity and taxonomic composition in lake ecosys-
tems, with potentially more pronounced effects on mesotrophic 
lakes than eutrophic ones. For studies on bacterial commu-
nity in mesotrophic lakes, a filtering volume of 400–800 mL is 

recommended, whereas for eutrophic lakes, a volume of 200–
400 mL is suggested. These recommended filtering volumes un-
derscore the importance of using appropriate filtration volumes 
in comparative studies of bacterial communities in lakes with 
different nutrient levels.
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