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Metabolism is a fundamental ecosystem process that
describes the collective fixation and mineralization of carbon
by all organisms in a given ecosystem. Whole-lake metabolism
characterizes the origin and fate of energy in lake food webs
(Schindler et al. 1972; Cole et al. 2000; Pace et al. 2004), and
quantifies part of the role that lakes play in global carbon
cycling (Cole et al. 2007). Ecosystem metabolism has been
measured in aquatic ecosystems for decades using free-water
measurements of dissolved oxygen (DO) concentration
(Odum 1956). In recent years, free-water methods for estimat-
ing metabolism have become increasingly more common as
technological advances have increased the availability of sen-
sors (known as sondes) capable of making high-frequency
measurements of DO over extended deployments. Free-water
methods are less constrained by the questions of scale and
container effects that arise in alternative methods, and high-

frequency approaches are able to capture temporal dynamics
that may be missed by discrete approaches (Stæhr and Sand-
Jensen 2007).

Although the use of high-frequency free-water DO mea-
surements to estimate whole-lake metabolism has advantages
over alternative approaches, it presents researchers with its
own challenges. One conceptual challenge results from the
spatial heterogeneity of metabolic processes within a system.
Most whole-lake metabolism studies using high-frequency
free-water DO measurements have used a single sonde placed
in the pelagic epilimnion of a lake and assumed that mea-
surements made there were representative of biological
processes occurring throughout the system, although this
assumption is often problematic (Stæhr et al. 2010). Because
the spatial variation in metabolic processes in an aquatic sys-
tem may not be promptly and fully integrated into the DO
dynamics at a given location, metabolism estimates can vary
with the horizontal (Caraco and Cole 2002; Lauster et al.
2006; Van de Bogert et al. 2007) and vertical (Gelda and Effler
2002; Coloso et al. 2008; Sadro et al. 2011) location of a sen-
sor. Metabolism in the metalimnion of lakes is not measured
by a sonde near the surface, yet metalimnetic production may
be important in total ecosystem metabolism (Fee 1976; St.
Amand and Carpenter 1993; Sadro et al. 2011), although this
role has been questioned in some cases (Pick et al. 1984;
Coloso et al. 2008). Although measuring metalimnetic in
addition to epilimnetic metabolism may be desirable, placing
a sonde in this layer to address the conceptual challenge of
spatial heterogeneity may yield time series of metalimnetic
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Abstract
Whole-ecosystem metabolism is often estimated in lakes using high frequency free-water measurements of

dissolved oxygen (DO) taken in the upper mixed layer. DO dynamics in the metalimnion are not adequately
captured by measurements made in the upper mixed layer, which could reduce the accuracy of whole-lake
metabolism estimates made from such data. However, estimating metabolism from metalimnetic DO time series
can be challenging because of high variability (noise). This study used simulated and field data to determine if
metabolism estimates from metalimnetic data containing noise can be improved by accounting for both process
and observation error in models. When DO time series exhibited high variability, free-water metabolism esti-
mates obtained using a Kalman filter (which accounts for both process and observation error) were substantial-
ly more accurate than estimates obtained from models that did not account for error or accounted for process
error only.
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