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Abstract

Lakes process terrigenous carbon. The carbon load processed by lakes may partially
offset estimates made for terrestrial net ecosystem exchange (NEE). The balance within
lakes between carbon burial and evasion to the atmosphere determines whether lakes
are net sinks or net sources of atmospheric carbon. Here we develop a model to study
processing of both autochthonous and allochthonous carbon sources in lakes. We run the
model over gradients of dissolved organic carbon (DOC) and total phosphorus (TP)
concentrations found in the Northern Highlands Lake District of Wisconsin. In our
model, lakes processed between 5 and 28 gCm!2 (watershed) yr!1 derived from the
watershed, which approximates one-tenth of NEE for similar terrestrial systems without
lakes. Most lakes were net heterotrophic and had carbon evasion in excess of carbon
burial, making them net sources of carbon to the atmosphere. Only lakes low in DOC
and moderate to high in TP were net autotrophic and net sinks of carbon from the
atmosphere.
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Introduction

North temperate lakes play an important role in
processing organic carbon derived from the landscape
as a whole. CO2 supersaturation (Hope et al., 1996;
Striegl et al., 2001; Sobek et al., 2003) and net efflux of
CO2 from lakes to the atmosphere (Cole et al., 1994;
Riera et al., 1999) suggest that most lakes vent
terrigenous carbon to the atmosphere. Lakes act both
as conduits of inorganic carbon to the atmosphere
(Riera et al., 1999; Hanson et al., 2003) and as
mineralization sites for terrigenous organic carbon
(Hessen, 1992; del Giorgio et al., 1999; Jansson et al.,
2000). Although the export of dissolved organic carbon
(DOC) from terrestrial systems has been well docu-
mented (Mulholland, 2003), the view of lakes as ‘hot
spots’ for carbon processing is tempered by uncertain-
ties in the magnitude of the carbon load to lakes, the
relative contributions of organic and inorganic carbon

forms to that load, and the influence of that load on key
carbon cycling processes in lakes.
Understanding carbon cycling through lakes may

reduce uncertainty in estimates of terrestrial net
ecosystem exchange (NEE). For inverse modeling and
biometric assessments, omission of processes such as
carbon export through aquatic systems could result in
biased estimates of carbon sequestration (Curtis et al.,
2002; Houghton, 2003). These systematic problems
require independent data sources to identify and
correct sources of error (Wilson & Baldocchi, 2001).
Indeed, a direct comparison of eddy-covariance and
ecological inventory estimates of carbon exchange in a
midlatitude forest produced discrepancies of about 20%
(Ehman et al., 2002). In lake-rich landscapes, such as the
Northern Highlands Lake District (NHLD) of Wiscon-
sin, where lakes comprise 13% of the land surface
(Peterson et al., 2003), a significant amount of terrestrial
carbon may be processed by the lakes. A first-order
estimate can be obtained by comparing carbon efflux
from lakes (e.g. 1–150 gCm!2 yr!1) (Hanson, 2003) with
NEE in forests (e.g. 70–350 gCm!2 yr!1) (Curtis et al.,
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