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Convection in ice-covered lakes: effects on algal suspension
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Abstract. Convection occurs in ice-covered lakes if solar radiation warms near-surface water from
the freezing point towards the temperature of maximal density. One effect of convective mixing may
be to suspend non-motile phytoplankton in the upper water column, providing cells with enough light
for growth during ice-covered periods. Observations of the diatom Awlacoseira baicalensis under the
ice cover of Lake Baikal, Siberia, support the hypothesis that convective mixing causes net suspen-
sion of cells. This paper presents a theoretical examination of the conditions under which convective
flow fields can suspend algae in the photic zone of the upper water column. It is shown that the
efficiency of algal suspension depends on the ratio of the still-water algal sinking rate, W, 1o con-
vective updraft speed, W,,. The suspension efficiency is also shown to be affected by asymmetries in
the flow field and night-time cessation of convection, but only if W, and W, are comparable in value.
It is concluded that convection in Lake Baikal should be vigorous enough to increase the mixed-layer
residence time of A.baicalensis from a few days to over a month, at least during years with thin snow
cover.

Introduction

The common existence of under-ice algae in lakes and in the ocean is becoming
increasingly apparent (Vincent, 1981; Miiller-Haeckel, 1985; Horner et al., 1992;
Ackley and Sullivan, 1994; Spaulding et al., 1994; Kirst and Wiencke, 1995). It is
also becoming clear that these algal populations may be quite important to high-
latitude ecology (Michel er al., 1996; Melnikov, 1997). For example, Legendre et
al. (1992) have estimated that ice-bottom algae account for 25% of the annual
primary production in seasonally ice-covered Arctic waters.

Recent studies reveal that the physical and biological systems are closely inter-
linked (e.g. Ackley and Sullivan, 1994). One implication of the linkage is that
future field programs should avoid sampling the physical and biological systems
in isolation from one another. A second implication (and a principal motivation
for the present study) is that improved understanding of the physical environ-
ment may shed light on biological questions. If it can be established that particu-
lar aspects of the physical regime are likely to have a large influence on the
biology, then it may be possible to optimize future monitoring of physics and
biology together.

To the extent that lake systems and ocean systems are analogous, improved
understanding of physical/biological coupling in fresh water may also elucidate
the marine state. This may be relevant to studies of global warming, since global
climate models predict that high-latitude regions will be affected more than mid-
latitude regions by climate change (Houghton er al., 1995). Insight into physi-
cal/biological coupling in lakes, for example, could help to answer important
questions about ocean carbon sequestration in a warmed climate with reduced
ice cover.

Unfortunately, field studies in high-latitude ice-covered marine systems are
expensive and logistically difficult. Even though logistical constraints may be
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