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ABSTRACT 
The photoautotrophic picoplankton (PPP) of ten shallow, hyposaline soda lakes located in three different geographical regions 

in the Carpathian Basin (Central Europe) was characterized. These lakes, which frequently dry out completely, are extremely rich in 
PPP. Epifluorescence microscopy was applied to determine picocyanobacterial and picoeukaryotic cell abundance and PCR-based 
molecular techniques (denaturing gradient gel electrophoresis and cloning with phylospecies delineation) to identify the members of 
PPP. Most of these lakes were eu- and hypertrophic with varying contribution of picocyanobacteria to the total PPP cell number. We 
found an unusually high PPP abundance with peaks of 8.16 × 106 cells mL-1 for picoeukaryotes and 1.78 × 107 cells mL-1 for 
picocyanobacteria. The majority of the retrieved PPP sequences belonged to picocyanobacteria (nonmarine Synechococcus/ 
Cyanobium), while others showed similarity to eukaryotic algal plastids (close to Trebouxiophycean isolates). Molecular analysis 
revealed significant genetic diversity in the PPP fraction of these lakes and showed that the closest relatives of our 
picocyanobacterial clones were recovered from different habitats, indicating seemingly no correlation between the 'saline' ecotypes 
and their phylogenetic position. Our results also confirmed that PPP might exploit different aquatic ecosystems and be successful 
even in the case of abrupt changes of environmental parameters (in our case, salinity). According to our knowledge, this is the first 
survey focusing on the identification of the PPP community members in turbid and alkaline lakes with extraordinarily high 
picoplankton productivity. 
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1. INTRODUCTION 

Shallow, turbid soda lakes are very characteristic of 
the Carpathian Basin. These are mostly intermittent 
shallow, alkaline pans that frequently dry out com-
pletely by the end of the summer. Their salinity varies 
from hypo- to mesosaline ranges in accordance with the 
season and water level (Schmidt & Fehér 2001; Schmidt 
2003). Algological investigations of Hungarian soda 
lakes and Lake Fertő (Neusiedlersee) were intensive in 
the last century, which resulted in an exhaustive long 
list of species with limited information about pico-sized 
(<2 μm) algae (Dokulil & Padisák 1994; Padisák & 
Dokulil 1994; Schmidt & Fehér 2001). Recent studies 
of the photoautotrophic picoplankton (PPP) of these 
water bodies showed that red-fluorescent coccoid 1 µm-
sized unicellular cyanobacteria and eukaryotic algae 
dominated (74-100%) the phytoplankton (Vörös & V.-
Balogh 2003; Vörös et al. 2005). 

According to the well-documented relationship in 
marine and freshwaters, the contribution of PPP to the 
total phytoplankton biomass decreases with the increase 
of the trophic state (Stockner 1988; Søndergaard 1991; 
Stockner & Shortreed 1991; Agawin et al. 2000; Bell & 
Kalff 2001; Callieri 2008), however the investigated 
hypertrophic Hungarian turbid pans do not follow this 
trend (Vörös & V.-Balogh 2003; Vörös et al. 2005). 

Furthermore, the latest findings indicated that the soda 
lakes of the Carpathian Basin had the highest PPP 
abundance (both for picocyanobacteria and picoeu-
karyotic algae) ever reported in aquatic environments 
(Carrick & Schelske 1997; Vörös et al. 2005; Sarmento 
et al. 2008; Vörös et al. 2008; Somogyi et al. 2009). 

Members of PPP can be enumerated by epifluores-
cence microscopy (e.g., Johnson & Sieburth 1979; 
Waterbury et al. 1979) or flow cytometry (e.g., Chis-
holm et al. 1988; Li & Wood 1988; Olson et al. 1990), 
but the identification of these bacterium-sized algae is 
often very problematic because of their small cell size 
and the limited number of distinct morphological char-
acters. In many cases, these problems are associated 
with the known difficulties of cultivation (Ernst 1991; 
Rippka et al. 2000; Ernst et al. 2003), hence the species 
composition of picoplankton communities can mainly 
be defined with molecular methods. The application of 
culture independent techniques, such as cloning and 
sequence-based phylospecies identification, fluorescent 
in situ hybridization (FISH) and denaturing gradient gel 
electrophoresis (DGGE) provided new facilities in envi-
ronmental microbiology, including the examination of 
aquatic microbial communities (reviewed by Dorigo et 
al. 2005). On the other hand, methods based on genetic 
characterization revised the taxonomy and systematics 
of picocyanobacteria (Honda et al. 1999; Turner et al. 
1999; Robertson et al. 2001) and picoeukaryotic algae 


