
J. Limnol., 59(1): 72-76, 2000 

Picocyanobacteria success in oligotrophic lakes: fact or fiction? 
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ABSTRACT 

Two approaches may be utilized to explain the predominance of picocyanobacteria (Pcy) in oligotrophic lakes: the analysis of 
their interannual evolution in one single lake and their relative importance in different lakes along a trophic gradient. Here we di-
scuss results from field data on picocyanobacteria over several seasons from a deep oligotrophic subalpine lake - Lago Maggiore, 
and variables influencing their abundance. Comparing data from lakes along a trophic gradient, no simple relationship emerges 
between lake’s trophic state and picocyanobacteria abundance and contribution to total phytoplanktonic biomass. That is, trophic 
state alone cannot explain the success/absence of picocyanobacteria that appear to be favored under P limitation, but seem more 
sensitive to grazing pressure and light. In some oligotrophic lakes, if light climate, grazing, and competition are favorable, picocya-
nobacteria can grow rapidly, out-compete competitors and become very abundant, but there are a host of factors that can influence 
the outcome of this competition, and ultimately influence Pcy success in lakes of all trophic types. 
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1. INTRODUCTION 

Recently researches have been dealing with the pi-
cocyanobacteria (Pcy) contribution to total phyto-
plankton production and biomass in lakes along a 
trophic gradient (Petersen 1991; Stockner & Shortreed 
1991; Vöros et al. 1998) to seek a more comprehensive 
understanding of the ecological role of autotrophic pi-
coplankton in freshwaters. Small unicellular algae in the 
size range of picoplankton have been found to out-com-
pete the larger ones (e.g. Fenchel 1988; Søndergaard 
1990) especially when nutrients are scarce as in the ul-
tra-oligotrophic extreme of the gradient. One of the ad-
vantages of being small in nutrient impoverished envi-
ronments is to be less limited by molecular diffusion of 
nutrients (Chisholm 1992). Small cells can take advan-
tage of the small surface-to-volume ratio (Raven 1986), 
and in Pcy the prokaryotic structure gives them the 
lower costs for maintenance metabolism. These factors 
have been proposed as the main reason of their success 
under oligotrophic conditions (Weisse 1993). Nevert-
heless photosynthetic carbon uptake is not only affected 
by the availability of nutrients but by a host of variables, 
among the most important being light, temperature and 
phytoplankton community structure. 

To better understand the ecological importance of 
natural populations of Pcy we used two approaches: 1) 
the analysis of the seasonal and vertical data sets from a 
large subalpine lake and 2) the comparison of different 
lakes along a trophic gradient. In this paper selected 
examples from both approaches are discussed in an at-
tempt to better understand the interplay between biotic 
and abiotic variables and how they affect Pcy popula-
tion abundance and production in lakes. 

2.  ANALYSIS OF THE SEASONAL AND 
VERTICAL DATA SETS  

From the analysis of seasonal data sets one expects 
to find characteristic patterns in the temporal changes of 
the natural picoplanktonic assemblages in a lake. In 
turn, one expects to be able to relate these seasonal 
changes to the dynamics of the biotic and abiotic envi-
ronment. But it is not that simple because the com-
plexity of the pelagic ecosystems is related to the diver-
sity in the community structure as modulated by intrin-
sic factors (basin morphometry, thermal structure, sea-
sonal climate, etc.) and by human external influence 
such as the variation in the supply of nutrients (Harris 
1980). Of course how the Pcy exploit this environmen-
tal variability is the result of evolutionary mechanisms 
and their interrelation with other phytoplankters of lar-
ger size. 

We found an example of competition between Pcy 
and filamentous cyanobacteria in Lago Maggiore a 
large, deep oligotrophic lake in the Southern Alps (see 
de Bernardi et al. 1984 for details on Lago Maggiore). 
The same inverse relationship between Pcy and Ana-
baena has been reported by Stockner & Shortreed 
(1988) in a British Columbia oligotrophic lake who 
concluded that it was due to allelopathy. In 1992 and 
1993 in Lago Maggiore Oscillatoria limnetica and O. 
rubescens (now classified as Planktothrix rubescens) 
were the dominating filamentous cyanobacteria (Ruggiu 
et al. 1992, Panzani pers. com.) which can inhibit the 
growth of other phytoplankton species by producing 
microcystins (Feuillade 1994). These toxins are also 
important feeding deterrent against grazing by Daphnia 
(Kurmayer & Jüttner 1999) who could in turn feed on 
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Pcy causing a further reduction of their number. Analy-
sing together the seasonal dynamics of pico- and fila-
mentous cyanobacteria we noticed that the Pcy cell 
number decrease was in coincidence with the filamen-
tous cyanobacteria increase similar to trends reported by 
Stockner & Shortreed (1988). This fact becomes parti-
cularly evident when plotting the percentage density of 
the two cyanobacteria types (Fig. 1): it look like that the 
main regulatory factor of the seasonal fluctuations of 
Pcy abundance in the lake is the influence of nano-
planktonic filamentous cyanobacteria. The above pat-
tern could be viewed as a case of overgrowth competi-
tion or of allelopathy, but competitive exclusion is never 
attained (Schoener 1983). Rather than a typical seasonal 
succession of different species we observe fluctuations 
with increases in Pcy when the filamentous forms di-
sappear. The Pcy seasonal fluctuations may also depend 
from other factors like the selective protozoan grazing 
which could explain the momentary cell number de-
crease followed by a rapid increase. It is infact known 
that, also in the microbial loop, grazers regulate their 
prey presence thus influencing their seasonal oscilla-
tions (Weisse & Schweizer 1991; Amblard et al. 1995). 

 

 
Fig. 1. Numbers of Pcy and filamentous cyanobacteria cells 
and other phytoplankton expressed as percentage of the total 
phytoplanktonic counts in Lago Maggiore. 

 
As first noted by Harris (1980), the growth rate of 

mixed phytoplankton assemblages is dependent on the 
size spectrum of their cells. The cell size changes could 
be the strategy of the community to exploit environ-
mental variability. In such a ‘size and function’ fra-
mework the ecological significance of Pcy and their 
success may be evaluated analysing Pcy evolution du-
ring the re-oligotrophication of Lago Maggiore. In this 
lake the total phosphorus gradually decreased from 
1978 (35 µg l -1) to 1998 (7 µg l -1) at winter mixing, but 
chlorophyll values visibly dropped only after 1987 
(Ruggiu et al. 1998) and the photosynthetic efficiency 
increased in 1994 (Bertoni et al. 1998). Along with the 
phytoplankton community changes a parallel trend to-
wards the increase in abundance and production of pi-
cocyanobacteria was observed from 1992 to 1998 (Fig. 
2). Since 1995 it has been possible to see both a spring 

and a late summer peak of abundance, separated by a 
low density period in June and July. In 1998 the spring 
peak appeared later (in June) and the maxima were rea-
ched in September. The spring peak was almost exclu-
sively due to single cells of Pcy (Cyanobium sp.) whe-
reas in late-summer/autumn the variety of morpho-types 
increased and aggregates and colonial forms played a 
significant role in the cyanobacterial population struc-
ture (Passoni & Callieri 1999). We think that this recur-
rent, bimodal, seasonal cycle may be the result of clone 
succession with changing morpho-types suggesting a 
possible adaptive response of Pcy populations to the 
seasonally variable physico-chemical factors of Lago 
Maggiore (Stockner et al. 2000). 

 

Fig. 2. Annual and interannual variation of Pcy abundance 
(upper panel, cells 103 ml-1) and production (lower panel, line: 
mg C m-2 d-1 and bars: percentage over the total phytoplankto-
nic production) in Lago Maggiore (0-20 m) from 1992 to 
1998. 

 
Over the six year study from 1992 to 1998 the trend 

toward the increase of Pcy cell number and production 
demonstrate the success of this algal fraction in the re-
covered lake. In this period the percentage of the Pcy 
annual production passed from 10 to 21% of the total 
phytoplanktonic production. In this context the increa-
sed importance of Pcy could be related to the changes in 
the pelagic food-web observed during the long-term la-
ke's evolution which were triggered by the in-lake P 
decrease.  

The temporal scale is tightly coupled to the spatial 
scale and the study of the seasonal variability of pico-
plankton cannot be correctly interpreted without a good 
description of the cell response to the external forces 
which change within the water column. One of the cau-



C. Callieri and J. Stockner 74

ses of the vertical heterogeneity may be the prey-pre-
dator interaction which is often evidenced by the exi-
stence of a correlation in the vertical distribution of con-
sumers and their possible food (Amblard et al. 1995). 
The study of the vertical distribution of Pcy in Lago 
Maggiore has brought good evidence of their tight con-
nection with their principal predators: heterotrophic 
nano-flagellates (HNF) and ciliates. Here we show two 
examples which illustrate the relation between Pcy and 
HNF/ciliate abundance along the water column during 
summer stratification (Fig. 3). The ciliate community, in 
June, is dominated by oligotrichs whereas in August 
scuticociliates prevail (Callieri 1999). From figure 3 in 
June both ciliates and HNF are more abundant at the 
depth where there are more Pcy food and in both cases 
the correlation is positive and significant (p<0.01 for 
HNF, p<0.05 for ciliates). The vertical distribution re-
ported elsewhere (Passoni et al. 1997) have shown that 
the presence of ciliates and HNF at 13 m reduced the 
usual Pcy peak in the metalimnion. Besides, these obse-
vations were corroborated by direct uptake measure-
ments, showing that in Lago Maggiore the carbon flux 
from Pcy to protozoa ranged between 0.33 to 1.22 µg C 
l-1 h-1, corresponding to a removal from 10 to 40% of 
Pcy cells (Callieri et al. 1999). In September both Pcy 
and ciliates increase and the scuticociliates had an up-
take rate of 2.5 Pcy cil-1 h-1 which correspond to 60% 
removal of Pcy by the whole ciliate community (un-
published data). HNF on the other hand showed no si-
gnificant relation with Pcy abundance, but the peak of 
Pcy along the profile corresponds to the decline of HNF 
(Passoni et al. 1997). This example from Lago Mag-
giore, of the dynamics in the vertical profile of Pcy and 
their consumers, provides further evidence that the pre-
sence of the predators is related to the abundance of 

their prey and that in some particular conditions (as at 
certain depths) protozoa can even control the population 
size of Pcy. 

Grazing rates are usually balanced by comparable 
growth rates (Weisse 1993), and can have a pronounced 
diel pattern related to prey size. If and to what extent the 
grazing activity is growth rate dependent, and which are 
the more important regulating mechanisms involved, 
still remains a matter of conjecture. Nonetheless, this is 
an important issue in the study of picoplanktivory and 
some authors have addressed their efforts at first to 
measure directly in situ grazing and growth rates to see 
if in fact they are in balance, and how their relative im-
portance varies with changing environmental conditions 
(Weisse 1995; Nagata et al. 1996). It is now possible to 
conclude that Pcy grazing losses seem to show large 
seasonal variability and are tightly coupled and someti-
mes in balance with Pcy growth rates. 

3.  PICOCYANOBACTERIA AND TROPHIC 
GRADIENT 

The second approach we used is based on the studies 
of different lakes along a trophic gradient that includes 
high altitude clear lakes, deep large sub-alpine lakes, 
large shallow lakes and small reservoirs or fish ponds 
(Vörös et al. 1998). The trophic gradient approach can 
be particularly useful when examining the influence of 
resource availability on Pcy growth and abundance. 

By examining a large trophic gradient investigating 
on 32 deep and shallow lakes, Vörös et al. (1998) as-
serted that the relation between Pcy abundance / conti-
bution to total phytoplanktonic biomass and lake trophic 
state cannot be fully explained with a simple model 
such as that one proposed by Stockner (1991). Across 
such a trophic gradient chlorophyll concentrations ran-

 

 
 
 
 
 
 
 

Fig. 3. Relation between Pcy and 
protozoa abundance (HNF and 
Ciliates) in the water column during 
summer stratification in Lago 
Maggiore. 
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ged between 0.2 and 390 µg l -1. The relative contribu-
tion of Pcy can be more than 70% of the total phyto-
plankton biomass in lakes with chlorophyll below 10 µg 
l-1, whereas above the threshold of 100 µg Chl l -1 the 
contribution of the Pcy fraction does not exceed 10%. 
Using the extensive data base of Vörös et al., (1998) we 
have attempted to indicate a general trend in a graphical 
model, illustrating the areas of possible occurrence of 
Pcy numbers and their contribution to total phyto-
plankton biomass (Chl) within a broad trophic gradient 
(Fig. 4) (from Stockner et al. 1999). The new concept is 
that there is not a linear relationship which drives the 
Pcy presence and importance in lakes, rather the success 
of Pcy in oligotrophic lakes is not a certainty but a po-
tentiality. In some oligotrophic lakes with extremely 
low ambient nutrient concentrations, if conditions like 
light climate, grazing impact and competition are favo-
rable, Pcy can out-compete all other larger autotrophic 
algae.  

 

 
Fig. 4. Schematic draft of the areas of occurrence of Pcy 
numbers and of their relative contribution to total phyto-
planktonic biomass (chlorophyll-a) along a trophic gradient 
(from Stockner et al. 2000, modified). 

 
In conclusion the success of the Pcy in oligotrophic 

lakes may be regarded better as a fact than as a fiction 
but the trophic state alone is only a conditio sine qua 
non Pcy can prevail in the phytoplanktonic community.  
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