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Introduction 

Phytoplankton: fundamental global producers 

Phytoplankton are the base of aquatic ecosystems. Despite their 

negligible biomass (less than 1% of the global biomass), they compose 

a fundamental part of the planet’s primary producers being responsible 

for nearly 50% of global annual carbon-based primary productivity 

(Field et al., 1998; Geider et al., 2001). As phytoplankton constitute the 

basic link in aquatic food chains, changes in composition, biomass, 

productivity, and physiological status may have wide-ranging ecological 

consequences: phytoplankton directly influence their environment and 

also the organisms within (e.g. Redfield, 1958; Falkowski et al., 1998). 

For this reasons, determining the composition, growth, mortality and 

physiological status of the phytoplankton is crucial to understanding 

the dynamics of pelagic food-webs. 

Fluorescence techniques: useful tools for revealing phytoplankton 

physiology 

During the past few decades, methodological approaches using 

various fluorescence staining protocols proved to be helpful 

in answering numerous ecological or physiological questions (Shapiro, 

2003). Physical phenomenon of fluorescence was described in the 

1850's (Stokes, 1852) and is defined as an ability of a substance to emit 

radiation (light) after being excited by external electromagnetic 

radiation. Sixty years later, the first fluorescence microscopes enabled 

descriptive physiological studies and testing of staining properties 

of dyes (Shapiro, 2003). However, there was not any significant progress 

in applications of fluorescence techniques until the 1940's when this 

field of study started to flourish. Today, thousands of fluorescent probes 

and dyes are available on the market (Haugland, 2002). These allow 

a wide spectrum of scientific applications, e. g. measurement 
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of parameters such as nucleic acid content, respiration rates, expressed 

gene functions, intracellular and extracellular enzyme activity, cell 

membranes integrity and many others (Czechowska et al., 2008). 

Simultaneously, instrumental development in (semi)automated analyses 

is driven by a need for rapid and efficient evaluation of various biological 

parameters (Shapiro, 2003; Czechowska et al., 2008).  

Fluorescence techniques are often used in combination with direct 

observation using epifluorescence microscopy (Garvey et al., 2007). 

In phytoplankton ecology and physiology, however, flow cytometry is 

the most common method for fluorescence detection and quantification 

(Shapiro, 2003; Czechowska et al., 2008; Steinberg et al., 2012). Its 

major advantage is a rapid and reproducible analysis of cell abundance 

and fluorescence (Peperzak & Brussaard, 2011). However, in mixed 

natural assemblages, flow cytometry does not allow for investigation 

of a single population level of particular phytoplankton species (Shapiro, 

2003; Štrojsová & Vrba, 2006). Recent development brought a novel 

approach: the FlowCAM. These semi-automated cytometers combine 

the imaging capability of microscopy and the flow-through particle 

analysis of flow cytometry. These devices are promising for future 

development (Steinberk et al., 2012) but their performance, efficiency, 

and result reliability remain to be tested (Zetsche & Meysman, 2012). 

Another approach of fluorescence detection and quantification, 

image cytometry, is based on combination of epifluorescence 

microscope, digital camera and image analysis software (Nedoma et al., 

2003). This method allows semi-automated measurement 

of fluorescence intensity at a single-cell level and also simultaneous 

measurements in multiple wave lengths; see Nedoma et al., (2003) and 

Znachor & Nedoma., (2008) for details. Image cytometry has been 

succesfully used for measurement of extracellular phosphatases 

production in phytoplankton using the Fluorescently Labeled Enzyme 

Activity assay (FLEA, e.g. Štrojsová et al., 2003; Novotná et al., 2010) 

or diatom silica deposition using PDMPO technique (e. g. Znachor et al., 

2008; Znachor et al., 2011).  

2



Fluorescence techniques applications 

Phytoplankton growth 

Phytoplankton primary production is translated into population 

growth through increases in cell numbers by cell division, thus, 

traditional method for assesment of phytoplankton growth is based 

on counting of cells and evaluation of changes in cell numbers or 

biomass in time (Furnas, 1991; Reynolds, 2006). Many of other methods 

have been developed, e.g. monitoring of mitosis frequency or 

measurements of biochemical indicators of cell division (Furnas, 1991). 

Unfortunately, most of them provide growth rates only as an average 

community rate. Fluorescence methods allow for obtaining far more 

precise, cell-specific information about phytoplankton growth. For 

example, in silicon utilizing organisms (e.g. diatoms, silicoflagellates 

or chrysophytes) fluorescent Si-tracers can serve as a proxy for growth 

(Desclés et al., 2008; Znachor & Nedoma, 2008). Leblanc & Hutchins 

(2005) established a standard protocol for assessment of silification 

of diatoms using PDMPO (LysoSensorTM Yellow ⁄ Blue DND-160). 

In these organisms, essentially dependent on silicon availability 

for creating and maintaining their shells termed frustules, fluorescent 

dye PDMPO is co-deposited with silica into the newly synthesized 

frustule (Shimizu et al., 2001). This enables direct observation of cells 

that actively deposit Si. After UV excitation, PDMPO-Si complex exhibit 

bright green fluorescence, which intensity is proportional to deposited 

Si. Measurement of PDMPO fluorescence per cell provides a useful 

indirect measure of the rate of recruitment of new cells. Therefore, it 

has been suggested as a quantitative proxy for diatom growth (Leblanc 

& Hutchins, 2005; Znachor & Nedoma, 2008). 

Phytoplankton viability and cell death 

Phytoplankton population dynamics is often expressed in terms 

of growth and mortality (Veldhuis et al., 2001). Phytoplankton growth 
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and cell division have been intensively studied, however, there is little 

understanding of processes of mortality (Franklin et al., 2006). 

Traditionally, herbivore grazing and sedimentation have been 

considered the major loss factors for phytoplankton cells 

(Bidle & Falkowski, 2004) and cells were supposed to be virtually 

immortal because of ongoing cell division (Dingman & Lawrence, 2012). 

However, recent findings have shown that cell death is a third major loss 

process and that we cannot balance the growth and losses 

of phytoplankton in many ecosystems based on grazing and 

sedimentation only (Bidle & Falkowski, 2004; Timmermans et al., 2007).  

The research of the ecological role and the physiological basis of cell 

death in phytoplankton has undergone a remarkable progress in the 

past two decades due to the development of various fluorescent stains 

in combination with single cell analysis (Timmermans et al., 2007). 

Various methods have been proposed to determine the viability status 

of cells. One possible approach is based on intracellular esterase activity 

(Agusti et al., 1998; Peperzak & Brussaard, 2011). Cell membrane-

permeable fluorescein diacetate (FDA), which is cleaved by intracellular 

esterases into a green fluorescent product, has been commonly applied 

in several viability assays (Jochem, 1999; Garvey et al., 2007) assuming 

that cells without esterase activity are dead. Recently, application 

of nucleic-acid-specific dyes has been tested in phytoplankton research. 

A suitable candidate to study viability of natural phytoplankton is 

membrane impermeable SYTOX Green. The dye enters cells with 

a compromised cell membrane and binds to nucleic acids, yielding bright 

green fluorescence while leaving the living cells intact (Roth et al., 1997; 

Veldhuis et al., 2001; Machado & Soares, 2012). Since the SYTOX Green 

emission spectrum does not overlap with that of photosynthetic 

pigments, it is suitable for examining the viability of algal and 

cyanobacterial cells (Veldhuis & Kraay, 2000). Changes in cell viability 

are closely associated with cell death (Veldhuis et al., 2001), making 

SYTOX Green assay useful for estimating the importance of cell death in 

the phytoplankton. 
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Production of extracellular phosphatases in phytoplankton 

Phosphorus (P) is an essential element that is crucial 

for phytoplankton metabolism as it represents an important part 

of nucleic acids and ATP (Fuentes et al. 2014). Although P requirement 

of phytoplankton is relatively small, in most temperate freshwaters it is 

often a limiting nutrient (Hecky & Kilham, 1988; Graham & Wilcox, 

2000). Phytoplankton take up orthophosphate ions dissolved in water, 

which comprise only a minor portion of total P (Van Moorleghem et al., 

2013). To cope with this limitation, many plankton species are capable 

to produce alkaline phosphatases to utilize organically bound P, which is 

not directly bioavailable (Ruttenberk & Dyhrman, 2005). Alkaline 

phosphatases have been used to assess the P status of phytoplankton 

(Dyhrman & Ruttenberk, 2006) and it has been shown that their 

expression is regulated by the intracellular P content rather than by 

external P concentration (Litchman & Nguyen, 2008). 

Production of extracellular phosphatases may be an advantage for 

algal and cyanobacterial producers in competition for resources when 

intracellular reserves or ambient P are scarce (Štrojsová et al., 2008). 

Interestingly, species producing phosphatases rarely dominate 

phytoplankton assemblages (Rengefors et al., 2001; Štrojsová et al., 

2003; Novotná et al., 2010). 

Development of fluorescent techniques allow researchers to 

determine if the alkaline phosphatases are present and activated at 

a single-cell level using the FLEA assay (Fluorescently Labelled Enzyme 

Activity, in earlier papers called ELF technique). Enzyme activity can be 

directly visualized with a fluorogenic substrate, ELF®97 phosphate (ELFP, 

Huang et al., 1992).  Enzymatic hydrolysis of this soluble fluorogenic 

substrate results in the precipitation of an insoluble fluorescent product, 

ELF alcohol, at or near the site of the phosphatase activity (Huang et al., 

1992). Its fluorescent signal is bright and stable, allowing detection and 

quantification by image cytometry (Nedoma et al., 2003; 

Štrojsová et al., 2008). 
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Aims of the Thesis 

In this thesis, three fluorescence techniques (PDMPO, SYTOX Green 

and FLEA assay) were employed to address phytoplankton growth, 

viability and production of extracellular phosphatases. These 

fluorescence methods enabled study of the physiological status 

of phytoplankton at both single-cell and population levels.  

In Paper I, spatial heterogeneity of diatom silicification and growth 

in a freshwater reservoir were in focus. The main aim was to evaluate 

the differences in PDMPO fluorescence among diatoms from different 

parts of the reservoir; to evaluate the relationship between intensity 

of PDMPO cell specific fluorescence and growth rates; to identify factors 

affecting changes in silicification and the growth rates. 

Paper II studied spatio-temporal aspects of phytoplankton cell 

viability using SYTOX Green stain. The main aims were to find out factors 

affecting viability of dominant phytoplankton species and to reveal 

seasonal and spatial variability in cell viability of dominant 

phytoplankton taxa. 

Paper III addressed factors affecting both growth and viability 

of natural diatom population in a reservoir, combining methodological 

approaches from Papers I and II. The main aim was to evaluate the 

relationship between diatom growth and viability, to find out factors 

driving seasonal changes in growth and viability of Fragilaria 

crotonensis. 

Paper IV was focused on production of extracellular phosphatases 

by phytoplankton. Specific objectives of this paper were to test the 

hypothesis that the production of extracellular phosphatases is 

a competitive advantage in the phytoplankton and to investigate the 

effect of light availability on phytoplankton phosphatase production and 

its role in turbid environments. 
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Results and General Discussion 

In this thesis, novel fluorescence based techniques were applied 

to get deeper insights into ecological and physiological status of 

phytoplankton in freshwater reservoirs. In Paper I, we examined 

silification rates of diatoms and silicifying chrysophytes in the Římov 

Reservoir (Czech Republic). Also, we tested the relationship between 

intensity of PDMPO fluorescence and growth rates of three diatom 

species. Direct comparison between the intensity of PDMPO 

fluorescence and diatom growth rates (deduced from changes in cell 

counts) showed that cell-specific PDMPO fluorescence can be used as 

a good predictor of growth rates in diatoms. Concerning silicification, we 

observed species-specific differences in the amount of deposited Si 

among diatoms at similar growth rates. Such differences are already 

known in marine diatoms (Durkin et al., 2012) and are explained by 

distinct cell size; large diatoms deposit more silica than smaller ones 

(Kristiansen et al., 2000). In our study, this pattern was apparent at two-

fold higher PDMPO fluorescence of Fragilaria compared to Asterionella 

corresponding to roughly half cell surface area of the latter diatom. 

These findings indicate that the quantity of total silica precipitated 

in water bodies is particularly sensitive to community composition. Our 

results also revealed that daily light exposure was an important factor 

affecting growth of diatoms Fragilaria and Asterionella. Interestingly, 

effect of nutrients (N, P, Si) on diatom growth rates was not significant.  

In Paper II, we studied cell viability of dominant species in the Římov 

Reservoir. Our study confirmed large seasonal variation in cell viability 

among various taxa of freshwater phytoplankton. In addition, 

phytoplankton cell viability responded to pronounced spatial 

heterogeneity of the studied reservoir.  

The detailed study of dominant species (diatoms Asterionella 

formosa, Fragilaria crotonensis and cyanobacterium Aphanizomenon 

flos-aquae) revealed that phytoplankton viability reflected pronounced 

environmental gradients (e.g. nutrients, light availability). 
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 Our results show an important role of nutrients for viability status of 

dominant diatoms. We recognized dissolved silica (DSi), soluble reactive 

phosphorus (SRP) and nitrate nitrogen (NO3-N) as factors influencing 

Fragilaria viability. On the other hand, other species (Aphanizomenon) 

were rather affected by light availability. To conclude, the importance 

of cell death may vary both spatially and temporally in particular 

phytoplankton taxa. There is also an indication that coexisting taxa may 

differ in their capacity to cope with different environmental stressors.  

To study factors affecting both growth and viability of a dominant 

diatom Fragilaria crotonensis (Paper III), we used a large data-set from 

two consecutive seasons. In concordance with Paper I, we identified the 

daily light exposure as a factor positively affecting growth of Fragilaria. 

Another important factor, mean daily inflow rate, was positively 

correlated with growth rate. However, the viability of Fragilaria cells 

was positively correlated with concentrations of DSi and NO3-N, which 

corresponded with our findings in Paper II. These results indicate that 

diatom growth and viability were driven by different factors meaning 

that cell viability may be independent of the growth rate. Such 

a conclusion is reinforced by Brussaard et al. (1997), who demonstrated 

growth-rate independent death rates for the diatom Ditylum 

brightwellii. 

Surprisingly, we found a significant negative correlation between 

growth rate and viability of Fragilaria, indicating that peaks 

of population growth may be coupled with low cell viability. There are 

few studies reporting high proportion of damaged or dying cell 

coinciding with active cell division in the population (Veldhuis et al., 

2001; Orellana et al., 2013), and possible mechanisms explaining this 

paradox remain unknown. We raise several ideas. Since diatoms cell 

division is different from that of plant or animals cells (De Martino et al., 

2009), it is likely that cell membrane integrity may be low in certain 

phase of cell cycle and thus allowing SYTOX Green enter the cell though 

it is viable. Another possibility is connected with grow and cell death as 

independent processes. Suitable environmental conditions induce rapid 

diatom growth, which leads to decrease in available nutrients and 
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subsequently to lower viability. The final effect on population size 

depends on interaction of environmental constraints. Changes 

in phytoplankton physiological state may be highly dynamic as was 

demonstrated by Llabres et al. (2011) in their study on diel patterns 

in growth and viability of marine phytoplankton. However, we do not 

have data to support or disprove these speculations as our field 

measurement do not allow for testing them.  

In Paper IV, we investigated extracellular phosphatase production by 

phytoplankton and the effect of different light conditions on that 

production in the Lipno Reservoir (Czech Republic). Our findings 

supported previous findings (e. g. Štrojsová et al., 2003; Dignum et al., 

2004; Ou et al., 2006) that individual cells differ in physiological state 

and that the need for phosphorus is variable in the populations and also 

among taxa. Using FLEA assay, we found that some species produced 

the enzymes when their contribution to the total biomass was low but 

showed little activity when they become significant part of the 

community. This indicates that production of phosphatase is a strategy 

to survive, rather than to dominate the community.  

While much research has been devoted to investigation of the 

relationship between both external and internal concentrations 

of phosphorus and phosphatase production very little is known about 

the effect of light limitation (Hill & Fanta, 2008). We found a significant 

positive relationship between the proportion of phosphatase active 

species in samples and light availability. This was also supported by our 

laboratory experiment, in which higher light intensity stimulated 

phosphatase production, and by study by Novotná et al. (2010) who 

reported that optimal light conditions enhanced species specific 

phosphatase activity. We suggest that both P and light could be co-

limiting factors (Arigo, 2005) controlling expression of phosphatases 

in phytoplankton. 
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Conclusion 

Phytoplankton, as the main primary producers, are key organisms 

in aquatic systems. For this reason, understanding of their ecology and 

physiology is crucial. As phytoplankton inhabit a heterogeneous 

environment with a number of abiotic factors and biotic interactions 

affecting their physiological status, their responses to environment are 

complex. Therefore, the suitable methodological approach is required. 

This thesis presented three successfully applied fluorescence techniques 

enabling us to get deeper insight into phytoplankton dynamics. 

Our results shed light on pronounced spatial heterogeneity in both 

growth and cell viability in a reservoir. The application of PDMPO, 

successfully proven as a proxy for diatom growth, enabled an 

identification of daily light exposure as a key factor affecting diatom 

growth (Paper I, Paper III). When nutrient concentrations were not 

limiting, diatom growth was controlled rather by physical than chemical 

factors. However, factors influencing growth may display high temporal 

and spatial heterogeneity.  

Contrastingly, phytoplankton cell viability was clearly driven by 

nutrients availability, resulting in lower viability in nutrient depleted 

parts of the reservoir (Paper II, Paper III). Our study also evidenced that 

the importance of cell death varied both spatially and temporally.  The 

comparison of growth rate and viability of diatom Fragilaria crotonensis 

showed that growth and loss processes in phytoplankton may run at 

different rates and may be driven by different factors (Paper III). Paper 

II and Paper III are among the first few studies to investigate the 

phytoplankton cell viability and cell death in freshwater environments 

and, to our knowledge, first reports from manmade reservoirs.  

Our results concerning production of extracellular phosphatases 

revealed that in turbid environments, phosphatase production was 

an additional mechanism of phosphorus acquisition, enabling producers 

to survive rather than to dominate the phytoplankton (Paper IV). 

In addition, our study indicates that light availability may be important 

in regulation of phosphatase production.  
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Paper I: 

Spatial heterogeneity of diatom silicification and growth 

in a eutrophic reservoir 

Petr Znachor 1,2, Veronika Visocká 2, Jiří Nedoma 1 & Pavel Rychtecký 1,2 
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Budějovice, 37005, Czech Republic 

Abstract 

1. Diatoms are one of the most important phytoplankton groups.

As they grow, diatoms use silicon to produce a siliceous frustule, which 

protects the cell. During April–November 2011, at 1–3 week intervals, 

we estimated diatom silicification rates at two distinct sites along the 

longitudinal profile of the canyon-shaped eutrophic Římov Reservoir 

(Czech Republic): (i) a nutrient-depleted lacustrine zone near the dam 

and (ii) a nutrient-rich transition zone upstream near the river inflow.  

2. Diatom silicification was estimated using the 24-h in situ incubation

of natural phytoplankton assemblage with a fluorophore 2-(4-pyridyl)-5-

{[4-(2-dimethylaminoethyl-aminocarbamoyl)methoxy] phenyl}oxazole 

(PDMPO) which fluorescently stains the newly synthesised diatom 

frustules. 

3. Diatoms contributed an average c. 40% to the total phytoplankton

biovolume in the lacustrine zone, but only c. 20% in the transition zone 

where a cyanobacterial bloom developed during summer. Asterionella 

formosa and Fragilaria crotonensis were the most abundant diatom 

species, while Aulacoseira italica, Nitzschia acicularis, Synedra acus 



and Stephanodiscus sp. were less important. Silicification rates of all 

diatom species were significantly higher in the transition zone than 

at the dam. 

4. The intensity of PDMPO fluorescence per diatom cell was tightly

related to the growth rates of three diatom species calculated from 

changes in cell counts during the incubation. The PDMPO technique can 

thus be used as a proxy for diatom growth. 

5. Growth rates of the two most abundant diatom species were

positively correlated with daily light exposure but not with nutrient 

concentrations. 

Keywords: fluorescence, growth rate, PDMPO, phytoplankton, 

silica deposition 
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in a eutrophic reservoir using SYTOX Green nucleic acid stain 

Pavel Rychtecký 1,2, Petr Znachor 1,2 & Jiří Nedoma1 
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Republic  
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Budějovice, 37005, Czech Republic 

Abstract 

Despite the global importance of phytoplankton primary production, 

the ecological role of cell death as an important loss process 

in phytoplankton is poorly understood. To assess the significance of cell 

death in phytoplankton, we studied cell viability of dominant species 

in the canyon-shaped eutrophic Římov Reservoir (Czech Republic) 

at weekly and biweekly intervals from April to October 2011. Surface 

samples were taken from the lacustrine zone (near the dam, low 

nutrient level) and transition zone (near the river inflow, high nutrient 

level) of the reservoir. Moreover, samples from euphotic depth 

(1% of surface irradiance) were taken from the lacustrine zone. We used 

the membrane-impermeant nucleic acid dye SYTOX Green to examine 

seasonal and spatial differences in phytoplankton cell viability. Three 

species (diatoms Asterionella formosa, Fragilaria crotonensis, and 

cyanobacterium Aphanizomenon flos-aquae) were studied in detail. 

There was no difference in Asterionella cell viability among sampling 

sites. In the lacustrine zone, Fragilaria and Aphanizomenon exhibited 

lower viability than in the transition zone. In addition, Aphanizomenon 

viability was significantly lower at the euphotic depth. Nutrient levels 

were revealed as a factor influencing Fragilaria viability, while light 



availability was more important for Aphanizomenon. Our results 

evidenced that the importance of cell death, in particular phytoplankton 

taxa, varies both spatially and temporally. Moreover, our study indicates 

that coexisting taxa may differ in their capacity to cope with different 

environmental stressors. 

Keywords: Phytoplankton, Reservoir, Cell death, SYTOX Green 
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Factors affecting growth and viability of natural diatom 

populations in a meso-eutrophic freshwater reservoir 

Petr Znachor1,2, Pavel Rychtecký1,2, Jiří Nedoma1 & Veronika Visocká2 

1Biology Centre of Academy of Sciences of the Czech Republic, v.v.i., 

Institute of Hydrobiology, Na Sádkách 7, České Budějovice, 37005, Czech 

Republic  
2Faculty of Science, University of South Bohemia, Branišovská 31, České 

Budějovice, 37005, Czech Republic 

Abstract 

Algal population size may vary substantially over the season in response 

to varying growth and loss rates strongly affected by environmental 

drivers. In our study, we measured growth and viability of Fragilaria 

crotonensis, a dominant diatom of the summer phytoplankton in the 

small, meso-eutrophic, dimictic freshwater Římov Reservoir (Czech 

Republic). Over two consecutive seasons (2011–12, July – October), 

Fragilaria growth and viability was assessed at week and biweekly 

intervals using PDMPO (2-(4-pyridyl)-5{[4-(2-dimethylaminoethyl-

aminocarbamyl)-methoxy] phenyl}oxazole), a specific Si-deposition 

tracer in diatoms, and SYTOX Green, a membrane-impermeable nucleic 

acid stain, respectively. Using multiple linear regression with stepwise 

forward selection of environmental variables, diatom growth and 

viability were found to be driven by different factors. Fragilaria growth 

was positively affected by daily light exposure during the 24-hour 

incubation with PDMPO (r2 = 0.32, p<0.001) and by mean river discharge 

into the reservoir in the 10 days before our measurements (r2 = 0.35, 

p<0.001).  However, Fragilaria viability declined markedly with 

decreased ambient silica concentration (r2 = 0.58, p<0.001), indicating 

that while diatom growth is tightly related to physical properties of the 



environment, cell viability reflects the availability of silica, which is 

essential for generating and maintaining diatom siliceous frustules. 

Interestingly, there was a significant negative correlation between 

Fragilaria viability and growth (r2 = 0.41, p<0.001), suggesting that 

seasonal peaks of diatom growth are coupled with low cell viability. 

Keywords: Fragilaria crotonesis, PDMPO, SYTOX Green, viability, 

growth 
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Vrba1,2 

1Biology Centre of Academy of Sciences of the Czech Republic, v.v.i., 
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Republic  
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Budějovice, 37005, Czech Republic 

Abstract 

Extracellular phosphatase production by phytoplankton was 

investigated in the moderately eutrophic Lipno reservoir, Czech 

Republic, during 2009 and 2010. We hypothesized that production 

of extracellular phosphatases is an additional mechanism of phosphorus 

acquisition enabling producers to survive rather than to dominate the 

phytoplankton. Hence, we examined the relationship between light 

availability and phosphatase production, as light plays an important role 

in polymictic environments. Bulk phosphatase activity was measured 

using a common fluorometric assay, and the production 

of phosphatases was studied using the Fluorescently Labelled Enzyme 

Activity technique, which enabled direct microscopic detection 

of phosphatase-positive cells. In total, 29 taxa of phytoplankton were 

identified during both years. Only 17 taxa from the total number of 29 

showed production of extracellular phosphatases. Species dominating 

the phytoplankton rarely produced extracellular phosphatases. 

In contrast, taxa exhibiting phosphatase activity were present in low 

biomass in the phytoplankton assemblage. Moreover, there was 

a significant relationship between the proportion of phosphatase 



positive species in samples and the Zeu:Zmix ratio (a proxy of light 

availability). A laboratory experiment with different light intensities 

confirmed the influence of light on production of phosphatases. 

Our seasonal study confirmed that extracellular phosphatase production 

is common in lowabundance populations but not in dominant taxa 

of the phytoplankton. It also suggested the importance of sufficient light 

conditions for the production of extracellular phosphatases. 
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archived by Faculty of Science, University of South 
Bohemia. 



Curriculum Vitae 

Pavel Rychtecký 

Date and place of birth: 4.10. 1983, Havlíčkův Brod, Czech Republic 
Current address:  Department of Ecosystem Biology 

Faculty of Science, University of South Bohemia 
Branišovská 31, 370 05, České Budějovice 

Education 

2003–2007: BSc. study at University of South Bohemia, Faculty of Biological 
Sciences, České Budějovice, Thesis: Methodics used in study of competition 
relations among species of phytoplankton (supervised by RNDr. Jaroslava 
Komárková, CSc.) 

2007–2009: MSc. study at University of South Bohemia, Faculty of Science, České 
Budějovice, Thesis: Spatial heterogeneity and seasonal succession 
of phytoplankton along the longitudinal gradient in a eutrophic reservoir 
(supervised by RNDr. Petr Znachor, Ph.D.) 

2009–present: PhD. study at University of South Bohemia, Faculty of Science, 
České Budějovice, Thesis: Application of modern fluorescence techniques 
in studying growth, viability and phosphatase production of phytoplankton 
(supervised by RNDr. Petr Znachor, Ph.D.) 

Related work experience 

2007–present  Biology Centre of the AS CR, v.v.i., Institute of Hydrobiology 

2010–2012 Teaching at University of South Bohemia in České Budějovice, 
Faculty of Science     (Practice: Ecology of phytoplankton) 

International cooperation 

April – June 2013 –  Department of Ecology, University of Málaga, Spain 

Participation in the project COCOFEV ("Effect of the interaction  between CO2, UVR 
and Fe in the physiology of the coccolitophore Emiliania huxleyii") with dr. Maria 
Segovia. 

85



Publications 

Rychtecký, P., Řeháková, K., Kozlíková, E. & J. Vrba, 2014. Light availability may 
control extracellular phosphatase production in turbid environments. Microbial 
Ecology: DOI 10.1007/s00248-014-0483-5. 

Rychtecký, P., Znachor P. & J. Nedoma, 2014. Spatio-temporal study of 
phytoplankton cell viability in a eutrophic reservoir using SYTOX Green nucleic acid 
stain. Hydrobiologia 740: 177-189  

Znachor, P., Visocká, V., Nedoma, J. & P. Rychtecký, 2013. Spatial heterogeneity of 
diatom silicification and growth in a eutrophic reservoir. Freshwater Biology 58: 
1889–1902. 

Rychtecký, P. & P. Znachor, 2011. Spatial heterogeneity and seasonal succession of 
phytoplankton along the longitudinal gradient in a eutrophic reservoir. 
Hydrobiologia 663: 175–186. 

Znachor,  P., Nedoma, J. & P. Rychtecký, 2011. Kinetics of glucose stimulatory 
effect on silica deposition and growth of natural populations of Fragilaria 
crotonensis. Phycological Research 59: 123–128. 

Conferences 

Rychtecký, P., Znachor, P. & J. Nedoma, 2014. Phytoplankton viability along 
environmental gradients in a eutrophic reservoir: an application of SYTOX Green 
nucleic stain assay. The 17th Workshop of the International Association of 
Phytoplankton Taxonomy and Ecology (IAP), Kastoria, Greece, poster. 

Rychtecký, P., Zapomělová, E. & K. Řeháková, 2011. Seasonal changes in 
extracellular phosphatase activity of the phytoplankton in a eutrophic reservoir. 
The 16th Workshop of the International Association of Phytoplankton Taxonomy 
and Ecology (IAP), San Michele all'Adige (Trento), Italy, poster. 

Rychtecký, P., Hrouzek, P., Zapomělová, E. & K. Řeháková, 2010. Is the production 
of extracellular phosphatases and secondary metabolites advantage in the 
competition in the water bloom? The 8th International Conference on Toxic 
Cyanobacteria (ICTC8), Istanbul, Turkey, oral presentation. 

86



Rychtecký, P., Zapomělová, E., & K. Řeháková , 2010. Changes in the extracellular 
phosphatases production of cyanobacteria in a eutrophic reservoir during the 
vegetation season. The 18th Symposium of the International Association for 
Cyanophyte Research (IAC), České Budějovice, Czech Republic, poster. 

Rychtecký, P., Znachor, P. & J. Nedoma, 2008. Spatial heterogeneity and seasonal 
succession of phytoplankton on a longitudinal gradient in a eutrophic reservoir. 
The 15th Workshop of the International Association of Phytoplankton Taxonomy 
and Ecology (IAP), Ramot, Israel, poster. 

Meeting Abstracts 

Znachor, P., Rychtecký, P., Nedoma, J. & V. Visocká, 2013. Application 
of fluorescence techniques in studies of factors affecting growth and viability 
of natural diatom populations in a eutrophic freshwater reservoir. 
Phycologia 52: 127 

Znachor, P., Nedoma, J. & P. Rychtecký, 2009. Effect of glucose addition on silica 
deposition kinetics in natural diatom population. Phycologia 48: 433 

Kaštovská,K., Znachor, P., Rychtecký, P. & E. Zapomělová, 2006. Comparison 
of suitability of two experimental mesocosmos for phytoplankton in situ 
experiments. In: Reservoir limnology and water quality, Extended abstract, Book 
of Abstracts. Brno, Czech Republic, August 27–31, 2006, p 180–183. 

87



© for non-published parts Pavel Rychtecký 
rychtecky.pavel@gmail.com 

Application of modern fluorescence techniques in studying growth, 
 viability and phosphatase production of phytoplankton 

Ph.D. Thesis Series, 2014, No. 14  

All rights reserved 
For non-commercial use only 

Printed in the Czech Republic by Vlastimil Johanus 
Edition of 20 copies 

University of South Bohemia in České Budějovice 
Faculty of Science 
Branišovská 1760 
CZ-37005 České Budějovice, Czech Republic 

Phone: +420 387 776 201 
www.prf.jcu.cz, e-mail: sekret-fpr@prf.jcu.cz 


	01_Final
	02_Final
	2_Text
	3_Research Papers
	4_Paper I predel
	5_Paper I
	7_Paper II predel
	8_Paper II
	9_Prazdny
	10_Paper III
	11_Prazdny
	12_Paper IV predel
	13_Paper IV
	14_Curriculum Vitae
	15_last page



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




