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[1] Methane (CH4) represents a major product of organic matter decomposition in lakes.

Once produced in the sediments, CH4 can be either oxidized or emitted as a greenhouse
gas to the atmosphere. Lakes represent an important source of atmospheric CH4, but
the relative magnitudes of the internal pathways that lead to CH4 emissions are not yet
clear. We quantified internal cycling and methane emissions in three lakes during summer
stratification. These methane budgets included: sediment release of CH4 at different
depths; water column transport patterns and methane oxidation; methane storage in the
water column; and methane emissions to the atmosphere by diffusion and ebullition. The
contribution of CH4 carbon, via oxidation by methanotrophic bacteria, to pelagic food
webs was also estimated. Despite the very low concentration of CH4 in surface waters,
shallow, epilimnetic sediments were major contributors of CH4 to the atmosphere.
While 51–80% of the CH4 produced in deep sediments was oxidized in the water column,
most of the CH4 released from shallow sediment escaped oxidation and reached the
atmosphere. Epilimnetic sediments accounted for 100% of CH4 emitted during summer
stratification, and 14–76% considering the release of CH4 stored in deep water layers
during lake circulation after the stratification period; diffusive emission accounted for
26–48% and ebullition the remainder. These results indicate that it is important to address
transport rates of CH4 from the shallow sediment along with the production-consumption
processes when trying to understand methane dynamics and the regulation of lake
methane emissions.
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1. Introduction
[2] Methane (CH4) is a major product of carbon metabolism in lakes. It has been suggested that anaerobic carbon
mineralization accounts for as much as 20– 60% of the
overall mineralization in freshwater environments [Boon
and Mitchell, 1995; Hamilton et al., 1995; Hessen and
Nygaard, 1992; Mattson and Likens, 1993; Utsumi et al.,
1998b], and that methanogenesis corresponds to 30– 80% of
anaerobic C mineralization in waters and sediments [Bédard
and Knowles, 1991; Fallon et al., 1980; Kuivila et al., 1988;
Rudd and Hamilton, 1978]. Hence, methanogenesis could
account for 10– 50% of the overall carbon mineralization.
Similarly, several studies indicate that 20– 59% of the total
contribution of sestonic carbon to sediments is converted to

to be performed by methanotrophic bacteria at oxic water or
sediment interfaces [Bastviken et al., 2002; Fallon et al.,
1980; Frenzel et al., 1990; Kankaala et al., 2006a; Kuivila
et al., 1988; Liikanen et al., 2002; Rudd and Taylor, 1980;
Utsumi et al., 1998b]. One important role of CH4 oxidation
is that it reduces CH4 emissions to the atmosphere. Recent
studies indicate that CH4 emissions from lakes account for
6– 16% of the non-anthropogenic emissions, and that reservoirs contribute 18% of the anthropogenic emissions, on a
global basis [Bastviken et al., 2004; St. Louis et al., 2000].
Hence, the internal CH4 cycling in lakes is potentially
important for the global CH4 budget, and highly significant
in the pre-industrial CH4 budget.
[4] To date many studies on CH4 cycling have focused
largely on profundal sediments as the source of CH4 and

