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Investigations of the methane cycle in freshwater
systems, where methane is the major end product of
anaerobic decomposition of organic matter, have
revealed the ecological significance of CH

 

4

 

 not only in
mud but also in water [1]. The main focus of the inves-
tigation was the hypolimnion of deep stratified water
bodies. In the surface water of some lakes, the pro-
cesses of the CH

 

4

 

 cycle have also been recorded [2, 3].
However, such data are still scarce for the littoral zone
of inland water bodies [4, 5] and virtually absent for
coastal shallow-water areas of reservoirs. The present
study was aimed at investigation of the distribution and
dynamics of methane and assessment of the microbial
processes involved in its transformation in different
types of shallow waters of the Rybinsk Reservoir.

The concentration of methane in the water was
determined by the phase equilibrium method [6] with a
Chrom-5 gas chromatograph and using PID and Pora-
pak-N as sorbents. The processes of methane oxidation
and methane generation were estimated from changes
in the methane content in 

 

in situ

 

 incubated experimen-
tal flasks. The experimental setup was as described in
[4]; allyl thiourea (ATU) was used as an inhibitor of
methane oxidation [7]. Three series of flasks (three rep-
licates in each series) were filled with the investigated
water and closed with silicone stoppers. A control

series was immediately fixed with mercuric chloride.
The second and third series (an ATU solution was
added to one series using syringes to 1 mg/l) were incu-
bated in dark bags for 12–24 h and fixed [5].

Observations were made every ten-days from May
to November at permanent coastal stations representing
typical shallow-water areas of the Rybinsk Reservoir
and, for comparison, in the deep-water-channel part of
the Volga Stretch. It was found that the content of meth-
ane in the water of different areas varied widely during
the vegetation period, specifically, from 0.9 to 126 

 

µ

 

l
CH

 

4

 

/l. The minimum concentrations were recorded in
the open parts of the reservoir (the Volga Stretch and
open shallow-water areas), whereas the maximum con-
centrations were found in the protected littoral zone,
especially in summer in vegetation stands (see table).

The microbial processes of CH

 

4

 

 oxidation in water
took place everywhere but with abrupt spatial and sea-
sonal fluctuations (0.01 to 24 

 

µ

 

l CH

 

4

 

/(l day)). The oxy-
gen consumption attained 10% of BOD-1. The maxi-
mum methanotroph activity was recorded in summer in
the protected littoral zone in areas with submerged veg-
etation, and the minimum activity was observed in open
the shallow-water areas and in the channel part of the
reservoir (see table). An inhibitor analysis showed that,
for some areas, CH

 

4

 

 generation may also occur in aer-
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Concentrations of methane and its oxidation and generation rates in water taken from different areas of the Rybinsk Reservoir
at particular stages of the vegetation period

Sites (depth at
the station) May June July August September October November

Overgrown shallow-
water zone (1 m) – –

Protected shallow-
water zone (1 m)

Open shallow-wa-
ter zone (1–2 m)

Channel of the Vol-
ga Stretch (14 m) –

 

Note: The numerator shows methane concentration, CH

 

4

 

 

 

µ

 

/l; the denominator shows methane oxidation and, in parentheses, methane gen-
eration, 

 

µ

 

l CH

 

4

 

/(l day). The dashes stand for “no data.”

23–28
0.07

--------------- 26–38
0.8–3.6
------------------ 10–80

3.0–14 (0.05–0.39)
---------------------------------------------- 38–126

0.3–24 (0.1–5.21)
------------------------------------------- 18–45

0.2–0.8 (0.1)
-------------------------------

26–28
0.08

--------------- 24–66
3.6–5.1
------------------ 15–92

1.3–8.2 (0.05–0.22)
----------------------------------------------- 44–110

1.1–7.7 (0.1–1.17)
--------------------------------------------- 12–24

0.2–0.4
------------------ 9.8

0.7
------- 10.4

0.04
----------

21–33
0.08

--------------- 10–22
1.4–4.2
------------------ 1.5–56

0.01–1.5
--------------------- 3.2–28

0.6–2.1
------------------ 6–13

0.1–0.2
------------------ 2.5–7.0

0.3–0.9
------------------ 3.2

0.02
----------

14–16
0.10

--------------- 8.5–17
0.1–0.4
------------------ 1.5–24

0.3
---------------- 0.9–30

0.2–1.2
------------------ 4.3–8.1

0.1–0.3
------------------ 3.1–6.2

0.11
------------------
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ated coastal waters. In the overgrown shallow-water areas,
the intensity of methane generation increased in late sum-
mer to 1.17–5.21 

 

µ

 

l CH

 

4

 

/(l day), a value usually reached
only in highly eutrophic lakes [8]. In this case, consump-
tion of C

 

org

 

 was 3.5–9.7 

 

µ

 

l CH

 

4

 

/(l day), corresponding to
50–90% of the bacterial assimilation of CO

 

2

 

 or to 10% of
phytoplankton production (our unpublished data). The
above-presented values of methane oxidation and meth-
ane generation demonstrate the ecological significance of
methane and of the processes involved in its transforma-
tion in water for the coastal biotopes of the reservoir.

The seasonal dynamics of the methane cycle in shal-
low water bodies has not been investigated. In the coastal
waters of the Rybinsk Reservoir, we revealed significant
variations in the content of methane and in the rates of its
oxidation and generation during the vegetation period (see
figure); these variations evidently reflect ecotopic flows of
C

 

org

 

. The curves representing methane oxidation in the
protected shallow-water zone had two expressed summer
maximums, obviously related to the dynamics of phy-
toplankton development. In the overgrown coastal zone,
there was one maximum in early autumn, at the end of
period of vegetation of higher aquatic plants. The rate of
methane oxidation was found to depend on its concentra-
tion, and methanogenesis was recorded only in the period
during which macrophytes died off and the water was
enriched with organic detritus.

This study was supported by the Russian Founda-
tion for Basic Research, project no. 03-05-64883.
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Fig. 1.

 

 Seasonal dynamics of (a) the methane content and (b) the rates of its transformation processes in surface waters of different
parts of the Rybinsk Reservoir. The methane content is shown for the (

 

1

 

) overgrown shallow-water zone, (

 

2

 

) protected shallow-
water zone, (

 

3

 

) open shallow-water zone, and (

 

4

 

) channel of the Volga Stretch. Methane oxidation is illustrated for the (

 

5

 

) overgrown
shallow-water zone, (

 

6

 

) protected shallow-water zone, and (

 

7

 

) channel of the Volga Stretch, and methane generation, for the
(

 

8

 

) overgrown shallow-water zone and (

 

9

 

) protected shallow-water zone.
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