
1. INTRODUCTION

1.1. Meromixis in temperate lakes

The vast majority of temperate and boreal lakes are
either dimictic or monomictic. The combined forces of
seasonal convection and wind are sufficient to complete-
ly mix them once or twice every year. In meromictic
lakes, however, the stratification is stable enough to resist
these forces, and the lake remains permanently stratified.
In some cases, especially in warmer climates, complete
mixing occurs sporadically every few years. Lakes with
sporadic complete mixing were classified as oligomictic
by Hutchinson (1957), but more recent classifications
tend to include them with the meromictic lakes (Walker
& Likens 1975; Lewis Jr. 1983; Hakala 2003).
Meromixis in lakes is caused typically by one of the fol-
lowing three processes: (1) a subsurface inflow of saline
water stabilizing the hypolimnion of the lake (crenogenic
meromixis); (2) a surface inflow of freshwater over a
saline water body or a saline intrusion in a freshwater
lake (ectogenic meromixis); (3) a combination of mor-
phometric factors and high nutrient inputs (endogenic
meromixis). In the latter case, high productivity and sub-
sequent decomposition of organic matter lead to an anox-
ic hypolimnion, which facilitates the build-up of salinity
stratification during summer. The energy required to
overcome this stratification increases with lake depth,

while the energy input from the wind increases with lake
surface. Consequently, endogenic meromixis typically
occurs in lakes with a high relative depth,

zr = zm  x √p / 4A > 0.05, 

where zm is the mean depth and A is the surface area of the
lake (Walker & Likens 1975). Besides the major causes
mentioned above, also road salt inputs have been shown
to support meromixis in some lakes (Kjensmo 1997).

1.2. Study site

Lej da San Murezzan is one in a chain of lakes in the
Engadin valley in the Eastern part of Switzerland (Fig.
1). It is situated at 1768 m a.s.l., has a surface area of 0.78
km2, a maximum depth of 44 m, an average depth of 25
m, and a total volume of 19.8 x 106 m3. The lake has one
major inflow, the River Inn, which drains an upstream
catchment area of 155 km2. The average discharge of the
River Inn is 5.8 m3 s-1, peaking in summer with mean val-
ues around 15 m3 s-1 in June and July, and dipping during
winter months from December to March (1.4 m3 s-1). The
lake has several minor inflows which do not contribute
significantly to the water balance. Most of these minor
inflows are practically dry during winter time, except for
the Ovel dal Mulin, which is fed by continuous ground-
water sources and has a rather constant discharge of
about 50 to 60 L s-1. The lake is usually frozen from mid
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ABSTRACT

Meromixis in temperate freshwater lakes is in most cases caused by (1) a morphometric predisposition combined with a high pro-
ductivity that leads to anoxic conditions in the hypolimnion, (2) saline subsurface inflows, or (3) turbidity currents. Here we report an
unusual case where meromixis is caused by the surface inflow of a small tributary. Lej da San Murezzan has been known for several
decades to be salinity-stratified during winter, contrary to its neighbouring lakes Lej da Silvaplauna and Lej da Segl. To determine the
cause of this stratification, vertical profiles of conductivity were measured on ten occasions between 27 September 2006 and 23 March
2007. An evaluation of these profiles showed that the salinity stratification was continuously built up by a salt source of approximately
5 t d-1. Ovel dal Mulin, a small tributary that contributes only about 1% to the total water inflows of the lake, was identified as the
source of this salt. To our knowledge this is the first reported case of a lake where such a small unpolluted surface inflow leads to
almost permanent salinity stratification. The salinity stratification has important consequences: it causes the lake to be meromictic
with only occasional complete mixing instead of dimictic as the neighbouring lakes and thus supports the build-up of an anoxic bot-
tom layer. Furthermore, it allows restratifying the cold water discharge from a recently installed heat pump within the hypolimnion
without the risk of disturbing the ice formation at the lake surface by a rising plume.
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