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Abstract
Recent literature has suggested that for many lakes and rivers, the respiratory breakdown of organic matter (R)
exceeds production of organic matter by photosynthesis (gross primary production [GPP]) within the water body.
This metabolic balance (GPP , R; ‘‘heterotrophy’’) implies that allochthonous organic matter supports a portion
of the aquatic ecosystem’s respiration. Evidence that many lakes are heterotrophic comes from diverse approaches,
and debate remains over the circumstances in which heterotrophy exists. The methods used to estimate GPP and R
and the limited extent of lake types studied, especially with respect to dissolved organic carbon (DOC) and total
phosphorus (TP) concentrations, are two reasons for differing conclusions. We deployed O2 and CO2 sondes to
measure diel gas dynamics in the surface waters of 25 lakes. From these data, we calculated GPP, R, and net
ecosystem production (NEP 5 GPP 2 R). Over the broad range in TP and DOC among the lakes, diel CO2 and
O2 changed on a near 1 : 1 molar ratio. Metabolism estimates from the two gases were comparable, except at high
pH. Most lakes in our data set had negative NEP, but GPP and R appeared to be controlled by different factors.
TP correlated strongly with GPP, whereas DOC correlated with R. At low DOC concentrations, GPP and R were
nearly equal, but, at higher DOC, GPP and R uncoupled and lakes had negative NEP. Strong correlations between
lake metabolism and landscape related variables suggest that allochthonous carbon influences lake metabolism.

Research in lake metabolism has provided intriguing but
sometimes contradictory insights into the balance between
gross primary production (GPP) and respiration (R) for surface waters in north temperate lakes (del Giorgio and Peters
1994; Carignan et al. 2000; Prairie et al. 2002). The ambiguity in the interpretation of results may be due to the diversity of lakes that have been compared and to the methods
used to estimate GPP and R (Carignan et al. 2000; Prairie
et al. 2002).
The balance between GPP and R, or net ecosystem production (NEP 5 GPP 2 R), can be used to define lake trophic classification, with positive NEP equaling autotrophy
and negative NEP equaling heterotrophy. Lakes with high
total phosphorus (TP) concentrations and low dissolved organic carbon (DOC) concentrations tend to be autotrophic,
whereas lakes with low TP and high DOC tend to be heterotrophic (Cole et al. 2000). Although north temperate lakes
span broad ranges in TP and DOC, many have moderate
concentrations and do not fit the extreme TP and DOC pro-

ignan et al. 2000; Prairie et al. 2002). Interpretation of the
results of two comparative studies (del Giorgio et al. 1994;
Carignan et al. 2000) led to divergent views on the relative
importance of autochthonous and allochthonous carbon to
metabolism in oligotrophic lakes. Prairie et al. (2002) explained these differences as resulting from slightly differing
DOC ranges. Most of the lakes in the aforementioned studies
(del Giorgio et al. 1994; Carignan et al. 2000; Prairie et al.
2002) were oligotrophic and do not represent the full range
of productivity and DOC in north temperate lakes. Their
results leave unanswered questions about the importance of
allochthonous versus autochthonous carbon to metabolism
in the full spectrum of north temperate lakes. One study
(Cole et al. 2000), in which broad ranges in DOC and TP
were included, found lakes to be heterotrophic unless nutrients and the food web were manipulated, but only four lakes
were included in that study.
The method used for estimating GPP and R also can lead
to different conclusions regarding lake trophic status. Vari-

