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Abstract

Many lakes have positive, heterograde vertical oxygen (O2) profiles with a metalimnetic maximum usually
assumed to be the result of biological O2 production. However, supersaturated metalimnetic O2 maxima are
formed by biological processes (net photosynthetic production of O2) and physical processes (warming of gas-
ses trapped below the thermocline). Although the mechanisms contributing to supersaturated metalimnetic
O2 peaks are understood, the contribution of biological vs. physical processes is not well known in lakes. To
examine these contributions, we measured O2 and argon (Ar) saturation anomalies in the metalimnia of 17
lakes. Unlike O2, Ar is biologically inert and, therefore, can be used to quantify physical processes. There was
a positive Ar anomaly at the depth of the O2 maximum in every lake. On average, only 14% of the O2 maxi-
mum could be attributed solely to biological production of O2, but this percentage varied widely among
lakes. Additionally, in a subset of lakes, the relative saturation of O2 at the metalimnetic maximum was lower
than Ar due to net biological consumption, creating a weaker O2 maximum than would be expected based
on the physical processes alone. Some lakes were sampled multiple times during summer and net ecosystem
production (NEP) was also calculated. There were many instances of positive NEP in the metalimnion; how-
ever, net autotrophy was usually transient instead of persistent. Overall, biological production of O2 alone is
not responsible for metalimnetic O2 maxima as both physical and biological processes contribute substan-
tially to the formation and persistence of O2 maxima in lakes.

The vertical distribution of oxygen (O2) is a fundamental
property of lakes. In stratified lakes, atmospheric exchange
at the surface and respiratory consumption of O2 in the
hypolimnion lead to a classic clinograde profile (Kalff 2002).
However, numerous lakes have positive, heterograde profiles
with the O2 maximum occurring in the metalimnion. Metal-
imnetic O2 maxima can be striking features, reaching satura-
tion values greater than 300% (Eberly 1964) which are
usually assumed to be the result of high primary production
(Stefan et al. 1995; Wetzel 2001). These depth layers are also
ecologically important as metalimnetic primary production
may be an important resource for zooplankton (Francis et al.
2011; Batt et al. 2012) and are an important refuge for fish
that require colder temperatures and O2 rich waters (Morbey
et al. 2006; Blair et al. 2013).

While it is commonly assumed that metalimnetic O2

maxima are the result of photosynthetic O2 production, two
distinct mechanisms contribute to their formation. First,
colder water has a greater dissolved oxygen (DO) concentra-
tion at equilibrium. As stratification develops in the spring
in north temperate lakes, colder, O2 rich waters are trapped
under the thermocline and cut off from atmospheric
exchange (Cole and Pace 1998). Subsequent solar warming
at depth can then lead to supersaturated conditions. The sec-
ond process is positive net ecosystem production (NEP) cre-
ating an excess of biologically produced O2 below the
thermocline. Metalimnetic O2 maxima often co-occur with
chlorophyll a maxima in lakes (Parker et al. 1991; Matthews
and DeLuna 2008) or at the depth of maximum macrophyte
growth (Dubay and Simmons 1979) suggesting significant
contributions of O2 from photosynthesis.

Although the processes that lead to the formation and
persistence of metalimnetic O2 maxima are well known, the
contribution of biological production and physical trapping
of O2 has not been evaluated extensively in lakes. Therefore,
it is unclear if metalimnetic O2 maxima are largely biological
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