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a b s t r a c t
Lakes are regarded as one of the important sources of atmospheric CH4. However, the role of cyanobacteria
blooms (CBBs) play in the CH4 production in eutrophic lakes is not fully clear. In this study, the spatial distribution
characteristics of CH4 concentrations in surface water and sediment columns were investigated in Zhushan Bay of
Taihu lake, China. Results showed that CH4 concentrations in CBBs accumulated zones were much higher than
that in the open lake areas, with the highest values of 3.79 μmol·L−1 and 2261.88 μmol·L−1 in surface water
and sediment columns, respectively. CH4 concentrations were strongly inﬂuenced by various factors. In surface
water, the occurrence of CBBs greatly contributed to CH4 productions, as evidenced by the well-predicting for
CH4 concentrations using Chl-a and NH4+ concentrations. In the sediments, the Ignition Loss and C:N ratio values
were two indicators of CH4 contents, suggesting that the methanogenesis processes were inﬂuenced by not only
the quantities, but also the qualities of organic matter. The labile substrates produced during the CBBs decomposition processes promoted the CH4 production and migration from sediments to the water column, resulting in
the coherence in CH4 concentrations between the sediments and the surface water. The high-resolution determinations of CH4 concentrations in surface water and sediments clariﬁed that the CBBs were a neglected facilitator
of CH4 productions, which should be considered in the future estimation of CH4 emissions in eutrophic lakes.
© 2018 Published by Elsevier B.V.
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1. Introduction

2. Materials and methods

Methane (CH4) is an important greenhouse gas in the atmosphere,
responsible for approximately 20% of the Earth's warming since preindustrial times (Kirschke et al., 2013). CH4 productions and emissions
have been widely concerned due to its effects on climate warming and
atmospheric chemistry (Wuebbles and Hayhoe, 2002). Freshwaters
are considered as a particularly important source of CH4 in the global
CH4 budgets, and can even offset 25% of the continental carbon sink
(Louis et al., 2000; Bastviken et al., 2004; Bastviken et al., 2011). In
terms of overall carbon budgets, the amount of CH4 emissions from
lakes represents 6–16% of total non-anthropogenic emissions, and
even higher than that from the oceans (Bastviken et al., 2004; Tranvik
et al., 2009). Thus, understanding the processes, mechanisms and responses to environmental changes of CH4 productions in lakes is fundamental to predicting the responses of carbon cycle in lake ecosystems to
future climate change.
CH4 productions and ﬂuxes from freshwater lakes have been intensively investigated, however, their results seem not to be coincident. A
global estimation of the average CH4 ﬂux was 225.7 ± 626.2 mmol m−2yr−1, signiﬁcantly smaller than other local region results, such as Taihu
lake (2106.3 mmol m−2 yr−1) and Donghu Lake (531.5 ±
424.3 mmol m−2 yr−1) (Xing et al., 2005; Wang et al., 2006; Bastviken
et al., 2011; Yang et al., 2011). CH4 ﬂuxes from lakes are largely inﬂuenced by the two key processes: the CH4 production and migration process. CH4 as the main product during the anaerobic mineralization of
organic matter, is affected by various environmental factors in the
water and sediments, e.g., temperature, organic matter, lake morphology (Bastviken et al., 2004; Gudasz et al., 2010; Marotta et al., 2014;
Gruca-Rokosz and Tomaszek, 2015). CH4 produced in the sediments
and deep water can further migrate to the surface water, and subsequently emit to the atmosphere. The main pathways of CH4 ﬂuxes are
ebullition ﬂuxes, diffusive ﬂuxes, storage ﬂuxes, and ﬂuxes mediated
by aquatic vegetations (Bastviken et al., 2004). CH4 ﬂuxes are inﬂuenced
by not only the biotic (e.g. Chaoborus), but also the abiotic factors (e.g.
wind speed, water depth, CH4 production and oxidation rates)
(Bastviken et al., 2004; Hofmann et al., 2010; Carey et al., 2017). Essentially, the supply of accessible organic matter is the prerequisite for
methanogenesis in the water as well as the sediments.
With the accelerating changes in large-scale land use and anthropogenic alternations of nutrients cycling, the freshwater eutrophication
and CBBs occurrence have become the main concern in the freshwater
management (Huisman et al., 2004; Carey et al., 2012; Michalak et al.,
2013; Gkelis et al., 2014). When CBBs occur, they are easily driven and
trapped by the macrophytes in the littoral zones, with subsequently
forming dense scums (Xing et al., 2011). After their collapse, the intensive sedimentation and decomposition rapidly exhaust the dissolved
oxygen (DO), and release a large amount of organic matter in the
water as well as the sediments (Mann et al., 2013; Xu et al., 2015a, b;
Yan et al., 2017). The environmental condition changes induced by the
CBBs decomposition provide superior conditions for methanogenesis.
Moreover, it is suggested that lake eutrophication may play an important role in CH4 budgets in lake ecosystems, but the mechanisms are
not fully clear (West et al., 2012, 2016). Hence, it's interesting to investigate the potential role of CBBs play in the CH4 productions in eutrophic
lakes.
In this study, the CH4 concentrations with related physicochemical
parameters in surface water and sediments were investigated during
the occurrence of heavy CBBs in Zhushan Bay of Taihu lake. It is hypothesized that the occurrence of CBBs acts as a neglected facilitator of CH4
production in eutrophic lakes, and CH4 produced in sediments inﬂuences the CH4 concentrations in the surface water, which subsequently
emits to the atmosphere. These results will draw attentions to the role
of CBBs playing in the CH4 productions and emissions from eutrophic
lakes, and contribute to a more accurate estimation for future CH4 budget in eutrophic lakes.

2.1. Sampling sites
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The study area, located in the Zhushan Bay of Taihu lake, was frequently inﬂuenced by the intense CBBs (Fig. 1). The CH4 concentrations
in surface water were determined in all 28 sites in August 2017. In this
period, the accumulated CBBs contributed to the investigation of CH4
distribution characteristics between the CBBs accumulated zones and
the open lake areas. However, in consideration of in situ monitoring deviations caused by the time-cost determination of CH4 concentrations in
sediments, only ﬁve locations were selected, representing the inﬂuence
of CBBs (Fig. 1, S1–S5). Herein, S1–S3 were located in the littoral zone
with the intense CBBs, while S4 and S5 were located in the open lake
area without observable CBBs.
2.2. Analytical methods
2.2.1. Physicochemical parameters
Total nitrogen (TN) and total phosphorus (TP) in surface water were
photometrically determined using a UV–vis spectrophotometer (UV6100, mapada, China) after digestion with K2S2O8 + NaOH (Raveh
and Avnimelech, 1979; Ebina et al., 1983). Samples for the dissolved
total nitrogen (DTN) and phosphorus (DTP) in the water were ﬁltered
and measured by the same methods with TN and TP. Samples for dissolved organic carbon (DOC) were acidiﬁed to pH b 2.0 and analyzed
with a multi N/C analyzer (HT 1300, analytikjena, Germany). Ammonium nitrogen (NH4+) and nitrate nitrogen (NO3−) levels were determined using an auto-analyzer (Auto-analyzer 3, SEAL, Germany).
Samples for PO43− analysis were ﬁltered with Whatman GF/F and measured by the colorimetry method. Samples for Chl-a analysis were conducted by the acetone extraction (Arar and Collins, 1997).
NH4+ and NO3− levels in sediments were determined after being extracted by KCl solution (1 mol/L) using an auto-analyzer (Auto-analyzer
3, SEAL, Germany). The TN content in sediments was photometrically
performed with a UV–vis spectrophotometer (UV-6100, mapada,
China) (Raveh and Avnimelech, 1979). The TP content in sediments
was analyzed by using the SMT method (Ruban et al., 2001). Samples
for TOC analyses were freeze-dried and treated with 10% HCl overnight,
dried at 60 °C for 12 h and then determined using a multi N/C analyzer
(HT 1300, analytikjena, Germany). The porosity of the sediments was
calculated by the water content of the sediments after drying at 80 °C
until achieved constant weight (Riedinger et al., 2010). Drying sediment
samples were calcined at 550 °C for 3 h, the Ignition loss was calculated
from the difference in mass before and after (Heiri et al., 2001).
2.2.2. CH4 concentration
The dissolved CH4 concentrations in the water were measured using
the headspace method (Casper et al., 2003; Hofmann et al., 2010), by
gas chromatography with ﬂame ionization detection (7890B Agilent,
USA). The calculation method of CH4 concentrations in the water was
as follows (Wiesenburg and Guinasso Jr, 1979).
2
In C w ¼ In f Gh þ A1 þ A2 ð100=T Þ þ A3 In ðT=100
i Þ þ A4 ðT=100Þ
2
þ S B1 þ B2 ðT=100Þ þ B3 ðT=100Þ

ð1Þ

The Cw was the CH4 concentration in surface water, μmol·L−1; fG was
the CH4 concentration in headspace after equilibrium between water
and headspace with N2 (99.9999%); T was the thermodynamic temperature, K, in this study, T was 298.15 K controlled by water bath; S was
the salinity of lake water, ‰, here, it was 0 in freshwaters; Ai and Bi
were constants, the values of A1-A4 were −415.2807, 596.8104,
379.2599, and −62.0757, respectively; the values of B1-B3 were
−0.059160, 0.032174, and −0.004820, respectively.
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Fig. 1. The schematic diagram of study area and sampling sites. The CH4 concentrations in the surface water of 28 sites were determined, while only S1–S5, surrounded by dotted circle,
were determined for CH4 contents in sediments. The CBBs accumulated zones (S1–S3) were marked with the full line.

Sediment samples were collected by the columnar dredge
(PhenoSpex, China), containing a length of 100 cm acrylic tube with
an internal diameter of 9 cm, which was pre-perforated in one side
with the diameter of 10 cm and the interval of 3 cm, and sealed with
tape around its ektexine before sampling. After retrieval, 5 mL of the
sediment samples were extracted with 10 mL front-cut plastic syringes
trough the pre-perforated holes, and extruded into a 43 mL brown glass
serum vial containing 20 mL of 2.5% NaOH (Riedinger et al., 2010). The
vial was immediately capped with a butyl septum and crimp cap, and
subsequently shaken and ﬁnally kept in a storage box with ice bag. For
porosity determination, other 43 mL brown glass serum vials were
used. CH4 contents in sediments of each interval were analyzed for
three replicates, by gas chromatography. The CH4 concentration in sediments was described as μmol CH4 in per unit volume of pore water, and
the volume of pore water was calculated based on the porosity.

respectively. The highest values of TN and TP in the CBBs accumulated
zones were 8712.15 ± 73.97 mg·kg−1 and 3936.24 ± 31.55 mg·kg−1,
respectively. In the open lake areas, the average TN and TP contents
were 1355.36 ± 285.82 mg·kg−1 and 1336.65 ± 434.69 mg·kg−1, respectively. The average NH4+ content in CBBs accumulated zones was
4 times of that in the open lake area. Contrarily, the NO3− contents in
open lake areas were higher than that in the CBBs accumulated zones
(Fig. 2f). The TOC contents in sediments of CBBs accumulated zones, especially in the ﬁrst 10 cm of sediment column, were much higher than
that in the open lake areas, with the values ranging from 37.14 ±
0.16 g·kg−1 to 53.42 ± 2.12 g·kg−1. While in the open lake areas, the
TOC contents ranged from 8.03 ± 0.11 mg·kg−1 to 12.79 ±
0.24 mg·kg−1. The vertical distributions of C:N ratios in sediments
were ﬂuctuant, but displayed obvious differences between open lake
areas (N7) and CBBs accumulated zones (b7) (Fig. 2h).

2.2.3. Statistical analyses
The Statistical Package of the Social Science 18.0 (SPSS 18.0) was
used for statistical analysis. The one-way analysis of variance
(ANOVA) and correlation analysis were carried out using Bivariate Correlations Analysis. The relations of CH4 between surface water and sediments were conducted by Spearman Correlations Analysis. Multiple
regression analysis with a fully stepwise selection procedure was used
to identify and model the strongest predictor variable (s) of CH4 in surface water and sediments. The criteria of p b 0.05 and p b 0.01 were used
to determine statistical signiﬁcance at the 0.05 and 0.01 levels (twotailed).
Parameters in sediments were performed by Origin 8.5, and by
ArcMap 10.2 in surface water. The conceptual diagram was performed
by Adobe Illustrator CS5.

3.2. Physicochemical parameters in surface water

3. Results
3.1. Vertical distributions of physicochemical parameters in sediments
The vertical distribution characteristics of Ignition loss, porosity, TN,
TP, NH4+, NO3−, TOC, and C:N ratio were shown in Fig. 2. In general, the
Ignition loss, porosity, TN, TP, NH4+, and TOC in sediments were decreased with the sediment depth, and were much higher in the CBBs accumulated zones than that in the open lake areas (Fig. 2a, b, c, d, e and
g). The average TN and TP contents in the CBBs accumulated zones
were 4027.36 ± 1977.82 mg·kg−1 and 2186.17 ± 743.17 mg·kg−1,

The spatial distribution characteristics of nutrient concentrations in
surface water were shown in Fig. 3. In general, TN, TP, NH4+, DOC, and
DTN concentrations in CBBs accumulated zones were much higher
than that in the open lake areas, and the NO3− concentration was the
highest in the northern area of Zhushan Bay. In CBBs accumulated
zones, the TN and TP concentrations were 8.90 mg·L−1 and
1.90 mg·L−1, respectively (Fig. 3a and b), and the NH4+ concentration
was the highest of 5.98 mg·L−1, occupying 67% of the TN. While in the
open lake areas, the NH4+ concentrations ranged from 0.04 mg·L−1 to
1.51 mg·L−1, b10% of TN (Fig. 3c). The NO3− concentrations in the northern shore was the highest, with the value of 1.75 ± 0.06 mg·L−1, N50%
of the TN. However, in CBBs accumulated areas, the NO3− concentrations
were the lowest, even under 0.01 mg·L−1 (Fig. 3d). The DOC concentration in surface water was the highest with the value of 103.6 ±
0.06 mg·L−1 in S3 (Fig. 3h). In CBBs accumulated zones, the Chl-a concentrations in surface water were much higher than that in the open
lake areas, with the highest value of 4253.08 μg·L−1 in S3 (Fig. 3i). In
the open lake areas, the concentrations of Chl-a ranged from 30.88
μg·L−1 to 284.21 μg·L−1.
3.3. Vertical distributions of CH4 in sediments
The vertical contents of CH4 in ﬁve columns of sediments were
largely ﬂuctuant, and there were no obvious patterns in vertical
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Fig. 2. Vertical distributions of physicochemical parameters in sediments.

sediment layers (Fig. 4). However, CH4 contents in CBBs accumulated
zones (S1–S3) were largely higher than that in the open lake areas
(S4, S5). The average content of CH4 in S1–S5 was 909.77 ± 257.92

μmol·L−1, 1369.70 ± 395.41 μmol·L−1, 947.57 ± 166.55 μmol·L−1,
753.57 ± 264.67 μmol·L−1, and 45.11 ± 13.63 μmol·L−1, respectively.
The average CH4 content in CBBs accumulated zones was 1075.68 ±
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Fig. 3. Physicochemical parameters in surface water.

208.48 μmol·L−1, comparing to 422.51 ± 400.75 μmol·L−1 in the open
lake areas.

3.4. CH4 concentrations in surface water
CH4 concentrations in surface water of CBBs accumulated zones
were much higher than that in the open lake areas (Fig. 5), with
the highest value of 3.79 ± 0.10 μmol·L−1 in S3. The average CH4
concentration in the CBBs accumulated zones and open lake areas
were 1.78 ± 1.43 μmol·L−1 and 0.14 ± 0.06 μmol·L−1, respectively.
In open lake areas, the CH4 concentration ranged from 0.02 ± 0.003
μmol·L−1 to 0.25 ± 0.02 μmol·L−1 . The CH4 concentration in the
west littoral zones of Taihu lake was high, especially in CBBs accumulated areas (such as S1, S2, and S3), according to the spatial distribution characteristics of CH4 concentrations in Zhushan Bay of Taihu
lake (Fig. 5).

Fig. 4. Vertical distributions of CH4 in sediments.
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3.6. The relations between physicochemical parameters and CH4 in surface
water
The correlations between CH4 and physicochemical variables in surface water were analyzed (Fig. 7). CH4 concentration was signiﬁcantly
and positively related to TN, TP, NH4+, DOC, and Chl-a concentrations
in surface water (p b 0.01), and negatively related to NO3− concentration
(p b 0.01). The strongest correlation variable was Chl-a concentration.
The multiple regression analysis indicated that three models could
be used to predict the CH4 concentration in the water, that is, only
Chl-a, or Chl-a and NH4+, or Chl-a, NH4+ and TP. Here, the Chl-a and
NH4+ were chosen to ﬁt the model (Adj. R2 = 0.971, Table 2), since
the TP concentrations in the water were strongly inﬂuenced by the primary production.
4. Discussion

Fig. 5. CH4 concentrations in surface water.

3.5. The relations between physicochemical parameters and CH4 in
sediments
In sediments, CH4 content was positively related to the TN (p b 0.05),
Ignition loss and NH4+ content (p b 0.01), and negatively related to the
NO3− (p b 0.05) and C:N ratios (p b 0.01). The strongest correlation variable was C:N ratios (Fig. 6). In addition, the multiple regression analysis
showed that the Ignition loss and C:N ratios can be used to predict the
CH4 contents in sediments (Adj. R2 = 0.373, Table 1).

In this study, CH 4 contents in sediments of CBBs accumulated
zones were much higher than that in the open lake areas. CH4 represents a major product of organic matter decomposition in lakes, and
the majority of CH4 production occurs in anoxic sediments (Rudd
and Hamilton, 1978). Anaerobic carbon mineralization, in terms of
methanogenesis in anaerobic sediments, can account for up to 50%
of the overall carbon mineralization in freshwater lakes (Wetzel,
2001; Bastviken et al., 2004; Hofmann et al., 2010). In CBBs accumulated zones, the TOC contents and the Ignition loss values in sediments were higher than that in the open lake areas, due to the
sedimentation of CBBs from water to sediments. In addition, the anoxic conditions were induced by the decay of CBBs in sediments,
where the anaerobic biological degradation of organic carbon releases not only CO2 but also a signiﬁcant amount of CH4 (Bastviken
et al., 2011). The mineralization process of organic carbon in

Fig. 6. The relations between physicochemical parameters and CH4 in sediments.
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Table 1
Multiple regression model with stepwise selection procedure displaying variables signiﬁcantly correlated with measured CH4 concentrations in the sediments (n = 71).
Equation

Adj.
R2

CH4 = 1291.511 − 173.929 (C:N ratio) +
278.487 (Ignition loss) + β

Signiﬁcant level
F-test

t-Test

F

t1

Table 2
Multiple regression model with stepwise selection procedure displaying variables signiﬁcantly correlated with measured CH4 concentrations in the surface water (n = 28).
Equation

Adj.
R2

t2

0.373 21.823 −4.379 3.270

CH4 (μmol·L−1), Ignition loss (%); β residuals for the equation, also an indicator for unknown sources.

sediment is affected by temperature, lake depth, organic carbon
quality, and lake trophic state (Heyer and kalff, 1998; Molot and
Dillon, 1996; Gudasz et al., 2010; Marotta et al., 2014). Regressions
based on all available data in sediments suggested that Ignition loss
and C:N ratio values were most useful variables for predicting CH4
contents in sediments (Table 2). The Ignition loss value is a reference
for organic matter contents in sediments. The positive correlations
between CH4 content and Ignition loss value indicated that sufﬁcient
organic matter contributed greatly to the CH4 production from sediments. The C:N ratio is an indicator of organic matter source. The C:N
ratio b 8 indicates that the organic matter mainly derives from
autochthonous, while the C:N ratio N 12 relates the dominant allochthonous organic matter (Martinotti et al., 1997; Gąsiorowski and
Sienkiewicz, 2013). In this study, the C:N ratios were all below 12
with spatial heterogeneities, suggesting the compositions of
sedimentary organic matter dominated by autochthonous sources.
Considering that the Ignition loss and C:N ratio values were predictive for CH4 contents in sediments, it was concluded that
methanogenesis process was not only affected by the quantities,
but also the qualities of sedimentary organic matter. It can be

Signiﬁcant level
F-test

t-Test

F

t1

t2

CH4 = 0.092 + 0.01 (Chl-a) + 0.174 (NH+
4 ) + α 0.971 422.786 9.969 4.418
−1
); α residuals for the equation, also an
CH4 (μmol·L−1), Chl-a (μg·L−1) and NH+
4 (mg·L
indicator for unknown sources.

concluded that the CBBs are better substrates than the allochthonous
organic matter for methanogenesis in lake sediments of eutrophic
lakes (Schwarz et al., 2008; Davidson et al., 2015; West et al., 2015).
The CH4 concentrations in surface water of CBBs accumulated zones
were much higher than that in the open lake areas. On the one hand,
CH4 productions through the CBBs decomposition process were an important source of CH4 concentration in the water. In this study, the west
littoral zone of Taihu lake was frequently inﬂuenced by the intense
CBBs, especially in the summer. These overwhelming CBBs are generally
utilized by microorganisms in the water and sediments during their
sedimentation from the water column to the surface sediments (Shao
et al., 2013; Xu et al., 2014), resulting in anoxic environments with subsequently the release of organic matter in the water and sediments
(Wang and Chen, 2008; Mann et al., 2013; Yan et al., 2017). It promotes
an increase of the abundance of fermentative microorganisms and fuels
the growth of heterotrophs in the water (Komada et al., 2013; Chen
et al., 2016), which stimulates methanogenesis process in the water.
On the other hand, CH4 production in the sediments was another important source of CH4 concentration in the water. CH4 produced by
the mineralization of CBBs residues, further migrates to the overlying
water, as evidenced by the site-to-site symmetric phenomenon of CH4

Fig. 7. The relations between physicochemical parameters and CH4 in surface water (S3 site was excluded with its outliers).
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contents between sediments and the surface water. Methanogenesis
processes are inﬂuenced by various factors in the water. Regressions
based on all available data suggested that Chl-a and NH4+ concentrations were most useful variables for predicting CH4 concentrations in
the water. Meanwhile, the relationships between CH4 and Chl-a were
generally found in accordance with the relationships with TP, supporting
that autochthonous production stimulated CH4 productions. A signiﬁcantly positive relation was found between CH4 and NH4+ (p b 0.01), indicating the indirect inﬂuence of NH4+ levels on CH4 productions. It is
related that NH4+ and CH4 are both produced during the mineralization
processes of organic matter. In addition, NH4+ concentrations are probably
induced by a relative anoxic condition in the water, otherwise, it would be
oxidized to NO3− under oxic conditions. This phenomenon has already
been observed that NH4+ accumulation in the hypolimnion provides an
overall measurement of organic matter mineralization (Bédard and
Knowles, 1991). The anoxic conditions in the water column further contribute to CH4 productions. Therefore, the accumulated NH4+ concentration may be along with the high CH4 production in surface water.
Undoubtedly, not all of the CH4 produced in sediments can migrate
to the surface water, and subsequently to the atmosphere. It suggests
that 51–81% of the CH4 produced in the deep sediments is oxidized in
the water column (Bastviken et al., 2004). In this study, the CH4 concentrations of S1–S5 in the water-sediments interface were analyzed, with
the values of 1.17, 8.09, 15.61, 0.59, and 0.16 μmol·L−1, respectively.
Compared to the CH4 concentration in the surface water of relevant
sites, 24.79%–91% of the CH4 in the water-sediment interface were oxidized, in the case of without considering the CH4 diffusion in the water
column. In addition, the emission potential of CH4 in surface water was
estimated in this study, based on the equilibrium with the atmospheric
CH4 concentration of 2.2 nmol·L−1 in the surface water (Wiesenburg
and Guinasso Jr, 1979), wherein the atmospheric concentration of CH4
being set up to 1.8 ppm (Encinas Fernández et al., 2014). CH4 concentrations in surface water were all supersaturation, especially in the CBBs
accumulated zones. Even though, the higher saturation of CH4 in surface
water may be not related to the higher emission ﬂuxes, because gas ﬂux
in water-air interface is also related to the Schmidt number of gas and
Transfer velocity (Cole and Caraco, 1998; Crusius and Wanninkhof,
2003). The difference between the CH4 concentration in surface water
and the equilibrated CH4 with atmospheric concentration was the driving force for CH4 migration at water-air interface. Therefore, the
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potential of CH4 emission from surface water to atmosphere in CBBs accumulated zones was much higher than that in the open lake areas.
Combined with our previous ﬁndings of laboratory observations, the
CH4 production is increased with the addition of CBBs (Yan et al., 2017).
It suggests that CBBs play a facilitator role in CH4 production in eutrophic lakes, but largely neglected in numerous studies. The promoting effects of CBBs on CH4 production were mainly through the following two
aspects: 1) Sufﬁcient labile organic matters, provided by CBBs, were the
prerequisite substance for CH4 production. It was clariﬁed that a large
amount of organic carbon released to the water column and sediments
during the decay of CBBs (Xu and Jiang, 2013; Mann et al., 2013; Yan
et al., 2017). 2) The anoxic environmental conditions in the water and
sediments, induced by the decomposition of CBBs, were a key variable
controlling the methanogens processes. Dense scum of CBBs prevent
the reoxygenation processes in the water. In addition, the decay processes of CBBs also deplete the dissolved oxygen (He et al., 2013). In
order to clearly illuminate the role of CBBs play in the CH4 productions
in eutrophic lakes, a conceptual diagram was put forward (Fig. 8). During the CBBs decay, i.e., the sedimentation and decomposition processes, the physicochemical parameters and environmental conditions
are changed (e.g. organic matter, nutrients, C:N and anaerobic conditions), which is further to fuel the methanogens in the water as well
as sediments. Therefore, CH4 productions from eutrophic freshwater
lakes need to be re-estimated due to the occurrence of CBBs.

5. Conclusion
The CH4 concentrations and emission potential in CBBs accumulated
zones were much higher than that in the open lake areas, because of the
sufﬁcient labile organic matter and anoxic environmental conditions induced by the decay processes of CCBs. CH4 contents were inﬂuenced by
various factors in the water and sediment columns. Chl-a and NH4+
were excellent predictors for CH4 concentrations in surface water, and
those were Ignition loss and C:N ratios in sediments. CH4 produced in
the sediments could migrate to the water, resulting in the coherence
of CH4 concentrations between sediments and the surface water.
These ﬁndings suggested that CBBs were an important, yet largely
neglected facilitator for CH4 productions, which should be considered
in the future estimation of CH4 emissions in eutrophic lakes.

Fig. 8. A conceptual diagram of relationships between CBBs and CH4 production in eutrophic lakes. Sufﬁcient labile organic matters, provided by CBBs were the prerequisite substance for
CH4 production. The anoxic environmental condition in the water and sediments, induced by the decomposition of CBBs was the key variable controlling the methanogens process. The
production, migration and emission processes: ① from the water, ② from the sediments.
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