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An automated approach to 
lake monitoring 
Algae, like other life forms, are subject to biorhythms: the abundance and diversity of 

phytoplankton vary from daytime to nighttime, as well as from season to season  

and over the depth of the water column. In research supported by the Swiss National 

 Science Foundation, Eawag and the ETH Zurich have deployed a floating monitoring 

 platform which – for the first time – is providing the high-resolution data that are 

 needed to improve our understanding of the drivers of phytoplankton dynamics. 

Freshwater ecosystems typically have a high level of biodi-

versity. At the same time, they are among the world’s most 

 threatened habitats, and extinction rates among aquatic species 

are escalating [1].

Phytoplankton: the basis of the food web

Phytoplankton – communities of free-floating microscopic plants  

and bacteria – are at the base of the food web in lake eco-

systems; changes in their composition can affect all other lake 

organisms. However, it remains unclear whether such commu-

nities are simply chance assemblies of local species, or whether 

their distribution and composition are controlled by predictable 

mechanisms. It is known that changes can occur very rapidly. 

New conditions can arise within a matter of hours as a result 

of changes in the weather and lead to unexpected algal blooms 

(e. g. toxic cyanobacteria). Close monitoring of the spatiotem-

poral dynamics of plankton and their growth environment is thus 

of fundamental importance for research – but high-resolution 

data are lacking.

Typical plankton monitoring programmes are based on monthly 

– or at best weekly – samples, usually only collected from one 

lake site and depth. “If you compare that to forest monitoring,” 

says project collaborator Bas Ibelings (Institute F.-A. Forel, Ge-

neva), “it would be like having a look once every few thousand 

years and then trying to deduce what has happened in the 

The floating limnological laboratory on Lake Greifen.
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ometer are collected at defined water depths. However, as well 

as controlling the sampling tube, the O7 employs additional 

sensors to determine water temperature, conductivity, pH, and 

oxygen and nitrate concentrations. Also attached to the probe 

is a Trilux fluorimeter, which is used to quantify levels of chloro-

phyll a, phycocyanin and phycoerythrin making it possible to 

cross-check the results produced by the flow cytometer. 

The monitoring platform project is being conducted jointly by 

Eawag and the Institute of Integrative Biology (ETH Zurich). To 

ensure that plankton cells are not damaged as water samples 

are retrieved from the lake, special measures were devised 

in collaboration with the Eawag workshop: firstly, tubing with 

an antimicrobial coating is used; secondly, the pump is placed 

downstream of the plexiglas chamber from which samples are 

withdrawn for the flow cytometer. 

Variation over day-night cycle

In the summer of 2010, the platform was tested for the first 

time in Lake Lugano – at a site protected from winds and 

currents – between Laveno and Figino. As shown in Figure 1, 
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Fig. 1: Both the diversity (number of functional groups) and the depth distribution of phytoplankton vary 

markedly over the day-night cycle (yellow: 15:00; blue: 03:00). 
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Fig. 2: Phytoplankton diversity (orange curve) in Lake Lugano dur-

ing the monitoring period (end of April to end of May 2010). The 

blue curve shows the coefficient of variation in temperature over 

the water column (0–12 m sampled depth): the higher the value, 

the greater the thermal stratification. A CV of 0 indicates complete 

mixing (homogeneous water column temperature).

From modelling to 
forecasting

What environmental factors influence plank-

ton community dynamics [3]? The large 

amounts of highly resolved plankton data 

generated by the automated monitoring 

 platform facilitate the development of com-

puter models to address this question, and 

perhaps also improve our forecasting capabil-

ities. We have developed a program based 

on a multiple linear regression model. The 

key input parameters are atmospheric and 

water temperature, conductivity and the 

 heterogeneity of environmental conditions 

over the water column (coefficient of varia-

tion). With these drivers, the model can 

 already account very well for the plankton 

data collected by the platform. It should be 

noted that there is generally a time lag of 

24 or 48 hours between changes in environ-

mental factors and the response at the 

plankton community level. 

the distribution of phytoplankton was found to vary over the 

day-night cycle – a phenomenon never previously observed in 

such detail in freshwaters. 

As no marked differences were observed in physical parameters 

(e. g. water temperature) between day and night, it may be as-

sumed that day-night plankton dynamics is driven by biological 

factors rather than by environmental changes. This theory is 

supported by the fact that the variation shows a consistent 

temporal pattern, as is evident from the high-resolution data 

also obtained for other lakes (e. g. Lake Greifen). The plankton 

appears to be governed by an “internal clock”, and these bio-

rhythms deserve further investigation. 

Rapid recovery after mixing

While Lake Lugano was strongly stratified at the beginning of 

the study period, it became increasingly mixed within about 

two weeks as a result of falling temperatures and a storm. This 

development is closely reflected by the plankton data from the 

monitoring platform: the number of functional groups was ini-

tially high and then steadily decreased up to the time at which 
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complete mixing occurred (coefficient of variation in tempera-

ture = 0). Interestingly, diversity subsequently recovered rapidly, 

within only a few days (Fig. 2). The mechanisms underlying the 

dynamics of phytoplankton diversity remain to be elucidated. 

Algal blooms in Lake Greifen

Since the early summer of 2011, the monitoring platform has 

been moored (with the approval of the cantonal authorities) in 

the northern part of Lake Greifen. Although long data series, 

held by Eawag and Canton Zurich, are already available for 

this lake, data from the floating platform should help to further 

improve our understanding of the lake system. One event in 

particular – though not appreciated by swimmers – proved very 

welcome for researchers: during the first monitoring campaign, 

algal blooms appeared in Lake Greifen (see Box “More restric-

tions on swimming?”). The immense volumes of data collected 

have yet to be fully evaluated, but there is no doubt that the 

mass growth of cyanobacteria has never been documented in 

such detail before. As Figure 3 shows, cyanobacteria prolifer-

ated in deeper waters in June, and then, towards the end of 

July, the species Microcystis aeruginosa started to become 

dominant close to the surface. At the beginning of August, the 

entire plankton community was dispersed over various depths 

by cold and windy weather, and after the mixing event the 

cyanobacteria started proliferating again close to the surface. In 

the middle of the month, the cyanobacteria bloomed and rose to 

the surface, where high light intensity appears to have inhibited 
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their production of the pigment phycocyanin. The production of 

gas vesicles inside the cells, which helped cyanobacteria to re-

position themselves in the water column after the mixing event, 

may have caused their rise to the water surface and the forma-

tion of scum observed in Lake Greifen over the same period. 

Part of the population subsequently returned to its preferred 

depth of around 6 – 8 metres. 
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Fig. 3: Data on algae in Lake Greifen in the summer of 2011. As can be 

seen from the chlorophyll a concentrations (top), large amounts of algae 

already developed at a depth of 8–10 metres at the end of June. How-

ever, the most intense blooms did not appear at the lake surface until 

mid-August. The  ratio of phycocyanin (a photosynthetic pigment in 

 cyanobacteria) to chlorophyll a (bottom) indicates that the cyanobacteria 

remained in the deeper waters in July, before becoming dominant at 

the surface in August.


