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ABSTRACT 

The haptophyte Prymnesium parvum has a worldwide distribution, with dramatic increase in 
blooms in the last years. P. parvum blooms are often associated with massive fish kills and great 
ecological impacts and economic losses as a consequence. P. parvum is a mixotrophic organism, 
utilizing  organic dissolved substances and particles to support its photosynthetic growth. The 
ability of P. parvum to produce toxic compounds, and being a mixotroph, makes it capable to 
outcompete other algal species for essential substances. These mechanisms are mostly enhanced 
when environmental conditions are not optimal for P. parvum growth. Here we report results on 
the growth, toxicity and mixotrophy, from experiments where P. parvum cells were grown as 
monocultures or together with Rhodomonas salina and exposed to different light conditions 
(dark, 100, 700, 2000 µmol photons m-2 s-1). The results showed that P. parvum growth is 
affected at light intensity of 700 µmol photons m-2 s-1 and the cells were photo-lysed when 
exposed to irradiances above this value. An inverse relationship between cellular toxicity and 
light intensity was observed, i.e. lower light irradiation induced higher cell toxicity.  Phagotrophy 
was observed in all the conditions. P. parvum reached significantly higher cell densities when 
growing together with R. salina  than in monocultures, while cellular toxicity was significantly 
reduced in the mixed cultures. Furthermore the presence of prey attenuated the negative effect of 
the higher irradiations on P. parvum growth. 
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1 INTRODUCTION 

The haptophyta Prymnesium parvum has been responsible for toxic blooms throughout the world, 
with massive fish kills and great ecological impacts and economic losses [4, 13, 24, 2]. P. parvum 
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is known to produce prymnesins 1 and 2 (polyoxy-polyene-polyethers) and several other 
compounds which are not chemically identified, but with cytotoxic, hemolytic, neurotoxic or 
ichthyotoxic properties [17, 15, 23, 28]. The production of Prymnesium toxins is enhanced when 
cells grow under stress conditions, such as nutrient deficiency, sub-optimal temperature, salinity, 
and light conditions [26, 7, 12, 27]. These toxins have a negative effect on other algal species and 
grazers, which may give P. parvum a competitive advantage when e.g. abiotic factors are limiting 
its growth [5, 9, 10, 20]. Furthermore, since P. parvum is a mixotrophic organism it can utilize 
organic particles (phagotrophy to acquire macronutrients) [3, 1, 19], or dissolved organic 
substances (osmotrophy) to support its photosynthetic growth [22, 21].  
Since P. parvum bloom formation is a recurring problem in many aquatic systems, a considerable 
effort has been devoted in developing mitigation measures. Some of the proposed mitigation 
methods involves alteration of water quality; e.g. nutrient manipulation, ozonation which can 
have negative effects on non-target organisms. Light intensity is one of the main factors that 
directly influence P. parvum growth and toxicity [12, 11]. Therefore it is worth considering the 
possibility of using light as technique to minimize the negative effects of P. parvum. Thus present 
study was conducted with aims of studying; (1) the effect of different light intensities on 
Prymnesium parvum growth and toxicity; (2) if extremely high light exposition has an effect on 
P. parvum toxicity, does the availability of prey (i.e. R. salina) also change the toxin production 
under these extreme conditions? 
 
2 MATERIALS AND METHODS  
 
Non-axenic monocultures of Rhodomonas salina and Prymnesium parvum (KAC 30 and KAC 
39, Kalmar Algae Collection, Linnaeus University, Sweden) were grown as batch cultures in 
modified f/2 (N = 580 µM and P = 36.3 µM) and P limited f/10 (N = 116 µM, and P = 5.8 µM) 
media respectively [14]. Culture media were prepared with filtered (Whatman GF/C) and 
autoclaved aged Baltic Sea water (salinity 7 psu). Cultures were grown at a light intensity of 100 
µmol photons m-2 s-1, 16:8 light-dark (L:D) cycle, and at 20 °C. The experiment started when the 
stock cultures reached high cell densities and were still growing exponentially. Three treatments 
were used for the experiment, i.e. P. parvum monoculture, R. salina monoculture and a mixed 
culture of both microalgae, where cell densities of P. parvum :R. salina were 2:1. Initial cell 
densities of P. parvum and R. salina were 3.88 x 105 and 2.10 x 105 cells ml-1 in both 
monoculture and mixed culture treatments. Initial culture volumes of 300 ml from each treatment 
in 500 ml glass bottles (Schott Duran), in triplicates, were exposed to three light intensities: 100, 
700, 2000  µmol photons m-2 s-1 with 16:8 L:D cycle (cool white lamps, Osram Powerstar HQI-E 
250 WD) and one treatment to darkness. The experiment was conducted at 20 °C and lasted 4 
days.  
Cell growth was followed using flow cytometry (FACSCalibur flow cytometer, Becton 
Dickinson) and maximum specific growth rates (day-1) were calculated using the formula;  
µ = (ln N2- ln N1)/ (t2-t1), in which N1 and N2 are total cell concentrations at t1 and t2, (days) 
respectively. Hemolytic test on the cells methanolic extracts were used to determine intracellular 
toxicity and the results were expressed as ng saponin equivalent per cell (SnEq cell-1) [16]. The 
supernatants were also tested for hemolytic activity to determine the presence of extracellular 
toxins. Live observations of the cells were made using an inverted microscope (Olympus CKX 
41) and epifluorescence microscope to determine phagotrophy in P. parvum. 
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3 RESULTS AND DISCUSSION  
 
3.1 Growth of Prymnesium parvum and Rhodomonas salina 
 

Growth of P. parvum exposed to 700 and 2000 µmol photons m-2 s-1 was found to decrease 
rapidly and the cells were totally photo-lysed after 4 h of being exposed to 2000 µmol photons m-

2 s-1 (Figure 1). The maxima biomass levels and higher growth rates were found for the cultures 
exposed to 100 µmol photons m-2 s-1 (F = 192.01, p < 0.05) which represent the optimal light 
intensity for P. parvum growth among the conditions used in our study. Growth rates and 
maximum biomass levels of P. parvum were always higher when grown in mixed cultures 
compared to those found in the monocultures at corresponding light intensities. Furthermore P. 
parvum survived for a longer time when grown in mixed cultures than when growing as 
monocultures. These shows that P. parvum needs to ingest organic matter in order to thrive and 
achieve higher biomass. As observed in other studies, the ingestion of R. salina contributed to 
increase the growth rate and biomass of P. parvum cells [19, 5, 9, 29].  
R. salina lasted longer (10 – 26 h) than P. parvum when exposed to high light intensities (700 and 
2000 µmol photons m-2 s-1) showing that R. salina is more adapted to higher light intensities than 
P.  parvum to grow (Figure 1). R. salina monocultures reached the highest cell densities (5.25 ± 
0.16 and 5.13 ± 0.21 x 105 cells ml-1) and maximum specific growth rates (0.63 ± 0.07 and 0.63 ± 
0.08 d-1) at 100 and 700 µmol photons m-2 s-1 
 
 

 
Figure 2. P. parvum cellular toxicity 
(SnEq cell-1) measured in mono and 
mixed cultures grown at different light 
conditions: dark, 100, 700, 2000 μmol 
photons m-2 s-1. 

Figure 1. Growth of mono (P. 
parvum and R. salina) and mixed 
cultures, exposed to 4 light 
conditions: dark, 100, 700 and 2000 
μmol photons m-2 s-1.   
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R. salina cells densities on the other hand decreased rapidly when grown in mixed cultures 
indicating that they were being eaten by P. parvum cells. When exposed to high light intensities 
(700 and 2000 µmol photons m-2 s-1) R. salina completely disappeared after only 2-3 h, while at 
100 µmol photons m-2 s-1 and in dark conditions it survived up to 46 h and 96 h, respectively.  

 
3.2 Prymnesium parvum toxicity 
 

In our experiment, the light condition under which the maximum P. parvum cell densities were 
reported (100 µmol photons m-2 s-1) did not coincide with that for toxin production (darkness). Of 
all the conditions tested, the highest cell toxicities (0.85 ± 0.03 SnEq cell-1) were found in the 
monocultures kept in continuous darkness and these levels were significantly (F = 36.9, p < 0.05) 
higher than those obtained when P. parvum cells were exposed to light irradiance (100, 700 and 
2000 µmol photons m-2 s-1). In the treatments where P. parvum was exposed to light irradiance, 
higher toxicities was found at100 µmol photons m-2 s-1 while   at 700 and 2000 µmol photons m-2 
s-1, the toxins were rapidly destroyed  (fig. 2).  
The maximum toxicity levels were significantly lower in the mixed cultures than in the 
monocultures (F = 1172.2, p < 0.05). This indicates that in the mixed cultures P. parvum was 
obtaining more nutrients to grow (ingestion of R. salina cells) than in the monocultures, 
confirming previous results of several authors [8, 12].  Toxicity maxima results were opposed to 
the findings on the growth. When in mixed cultures, P. parvum increased the growth while 
producing low levels of toxins. This indicates that when the conditions are optimal for the growth 
P. parvum produce less toxin per cell [10]. 
Extracellular toxicity in the media was not detectable by the haemolytic toxicity assay we used. 
However R. salina cell densities decreased due to the combined effect of grazing and release of 
toxins by P. parvum. Thus, the decreases of R. salina cell densities in the mixed cultures 
compared to the monocultures could be used as an indicator of extracellular toxicity. We 
observed that R. salina cell densities decreased faster at high light intensities (700 and 2000 µmol 
photons m-2 s-1) than at 100 μmol photons m-2 s-1 and/or in darkness.  For example R. salina cell 
densities in the mixed cultures decreased up to - 83.8 ± 27.5 and - 99.7 ± 14.9 % (respectively at 
700 and 2000 µmol photons m-2 s-1) compared to the initial cell densities, at time 2 h after the 
start of the experiment. This indicates that the measured toxins in supernatant in these treatments 
were probably being released into the media by the damaged P. parvum cells in the by the higher 
light irradiations, and not higher production of haemolytic compounds being produced by P. 
parvum. Excretion of toxins into the media by P. parvum can occur even when the cells are 
growing under optimum conditions, however the amounts of toxins being excreted is usually 
much lower than when P. parvum cells are in stress conditions; e.g. high light irradiances, 
deficient N and P conditions, etc. In fact microscopic observations clearly showed toxic effects of 
Prymnesium parvum on Rhodomonas salina at all light conditions. As soon as the two algae were 
mixed together, R. salina cells were lysed and rapidly attacked by several P. parvum cells, which 
formed large aggregates around the former before ingesting it.  
Thus, we suggest that at high light intensities, P. parvum cells were rapidly photo-lysed releasing 
the toxins in the medium. R. salina was affected by these released toxins before the toxins were 
degraded by the high light intensities. Released toxins require a certain period of time to be 
photo-degradet which depends on the quality and the intensity of the light to which they are being 
exposed to [25, 6, 18].  
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4 CONCLUSION  
 
Our results support the hypothesis that in light stress conditions (700 and 2000 µmol photons m-2 
s-1) P. parvum toxins are released in the medium due to photo-lysis of the cells. This process 
caused an increase of extracellular toxicity that rapidly killed R. salina cells during the first hours 
of the experiment at light intensities above 700 µmol photons m-2 s-1. Although high light 
intensities inhibited P. parvum growth and reduced its hemolytic responses, we conclude that 
extracellular toxicity is significantly enhanced (destruction of P. parvum cells) at light intensity 
of 700 µmol photons m-2 s-1 and above this level, thereby the death of the co-occurring species 
occurs as toxicity in the medium increases. Thus use of high light intensities as a mitigation 
method need more studies specially focusing on the effects on other species such as co-occurring 
non-toxic phytoplankton Species.  
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