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Abstract 

Gonyostomum semen is a raphidophyte microalgae that can be found in brown water lakes all 

over Sweden. The species forms substantial summer blooms that can completely dominate the 

phytoplankton community, largely due to its limited grazing pressure. To test whether parasites 

control the abundance of G. semen, as well as to study a newly discovered predator – prey 

interaction, three experiments were set up. The first experiment aimed to look at potential 

parasite interactions by screening for infections in natural environments, but none could be 

found. The second experiment built on the first by testing if the lack of parasites was due to 

physiological characteristics of G. semen, by exposing the species to diatom parasites and 

observing the cell’s response. The third experiment investigated the impact of a predatory ciliate 

on G. semen cell abundance. This predator – prey interaction was first observed in fresh lake 

water samples and had so far not been described in the literature. First, G. semen alone was 

exposed to the ciliate, and later the prey preference of the ciliate was examined by offering it 

four different potential prey species. The results from the first and second experiment suggested 

that G. semen does not have any parasites, potentially due to lack of a supportive cell wall. 

When interacting with parasite zoospores, the G. semen cells burst open, meaning that a 

successful infection would not be possible. The third experiment showed that the ciliate does 

feed on G. semen, and that it likely prefers G. semen over other types of prey. The limited top 

– down control on G. semen gives the species an ecological advantage and is seemingly one of 

the main reasons for G. semen’s success in spreading to new habitats.  

 

Introduction 

Gonyostomum semen is a freshwater phytoplankton found in lakes all over Sweden (Rengefors 

et al. 2012). G. semen cells are bright green and have a flattened teardrop shape. The cells are 

big compared to other phytoplankton, most range between 40-60 µm, but some can be as big 

as 100 µM (Cronberg et al. 1988). G. semen belongs to the class Raphidophyceae and possesses 

a pair of flagella located at one end of the cell used for locomotion and steering. The 

raphidophytes also lack a cell wall, instead they only have a cell membrane surrounding the 

cellular organelles, making them fragile and sensitive to external disturbances (Cronberg et al. 

1988). Along the cell membrane, G. semen has trichocysts and mucocysts that excrete slimy 

threads as a defence when the cell is disturbed (Cronberg et al. 1988, Tillmann & Reckermann 

2002).  

G. semen’s life cycle consists of three main stages: asexual division, sexual reproduction via 

formation and fusion of gametes, and cyst formation (Figueroa & Rengefors 2006). Cell 

division is a way of asexual reproduction where the cell splits to create two new, identical 

individuals. The process is also called binary fission and it is one of the most common ways of 

algal reproduction, which under favourable conditions can enable rapid population increases 

(Krienitz 2009). Cellular fusion is the merging of two cells. In G. semen, the fusion can happen 

in two ways. The first is fusion between two heterogametes, after which a zygote is formed 

(Figueroa & Rengefors 2006). The second way is fusion between two hologametes, where the 

fusion is followed by division, creating two new individuals. The last process, cysts formation, 



   

is one that is characteristic for the species. The cysts can be formed in response to unfavourable 

conditions, typically characterising the end of the bloom, and enable overwintering of G. semen 

in the sediment (Figueroa & Rengefors 2006, Anderson & Rengefors 2006). 

G. semen grows in oligotrophic brown water lakes with low pH and high phosphorus and iron 

concentrations (Rengefors et al. 2008, Münzner et al. 2021). It is considered mixotrophic as it 

shows increased growth with elevated concentrations of organic matter (Rengefors et al. 2008). 

Due to climatic and anthropogenic factors that over time have caused further browning and 

warming of lake waters, the species has been established in more lakes (Hagman et al. 2020). 

G. semen has been known to form algal blooms during the summers (Rengefors et al. 2012, 

Hagman et al. 2020), often big enough to completely dominate the algal community, sometimes 

making up more than 95% of the entire phytoplankton community (Cronberg et al. 1988, 

Karosienė et al. 2016). This affects the lake ecosystem by increased competition, altering the 

dynamics of the food web and could potentially cause species shifts. Further, the sheer densities 

can be large enough that the cells and mucus excretions can clog water filters and lake sampling 

devices and may additionally irritate the skin of people swimming in the lakes where the species 

bloom (Cronberg et al. 1988). This can have economic consequences, as well as decrease the 

value of the lake as a leisure area (Cronberg et al. 1988). 

The rapid spread of G. semen and its tendency to completely dominate algal communities has 

led to theories of it being an invasive species. Further characteristics besides its regular blooms 

support this theory. In many cases, invasive species experience great success establishing in 

their new environment because of a lack of natural top – down control (Lebret et al. 2012). This 

might also be true for G. semen, as it is known to be grazed on by very few zooplankton species. 

This is something noteworthy as G. semen has comparatively high fatty acid quality (Gutseit et 

al. 2007) and would hence be considered a good food source. The inedibility can instead be 

related to the trichocyst excretions reaching up to 200 µm (Cronberg et al. 1988), as well as the 

large cell sizes, which are too big for most zooplankton feeding appendages (Hansen et al. 

1994). The zooplankton species recorded eating G. semen are limited to some bigger 

cladocerans and copepods, as well as some big rotifers (Johansson et al. 2013). Furthermore, 

some studies have shown that these species of zooplankton do not always co-occur with G. 

semen, meaning that the predatory control of the algal population is low to non-existent (Lebret 

et al. 2012).  

Parasite interactions 

Where a resource is in large quantity, something usually takes advantage of it, and algal blooms 

are no exception. We can therefore expect that the abundance of an organism, which is rarely 

preyed upon, will be controlled by some other type of biological mechanism. Many 

phytoplankton species are known to be infected by different types of parasitic fungi, bacteria, 

and other small protists (see for example Coats & Park 2002, De Bruin et al. 2004, Park et al. 

2004). The parasite infections serve as a regulatory factor, controlling the duration and extent 

of the algal blooms, and can further help the phytoplankton population to remain healthy and 

highly diverse by targeting sick or less resilient individuals (Gsell et al. 2013, Laundon et al. 

2021).  



   

Though there has been some research on the topic in freshwater systems (Van Donk 1989), the 

majority of phytoplankton parasite studies has been conducted in marine systems (see for 

example Scholz et al. 2016). There is hence a need to further study this matter in freshwater 

species and environments. To my knowledge, no one has yet looked at parasitic interactions 

with focus on G. semen as a host, despite their wide-spread occurrence and substantial nuisance 

blooms.  

More recently, researchers have additionally tried to link parasitic infections to genetic 

variability, meaning that the parasites may infect some genetic varieties to a higher extent, 

mediating selection of other strains and potentially forwarding the parasite-host evolution (De 

Bruin et al. 2004, Blanquart et al. 2016). Whether or not this varying susceptibility exists in 

different strains of G. semen is yet unstudied.  

Predator interactions  

Predators are one of the main forces controlling natural populations. In phytoplankton 

communities, mortality is largely a result of zooplankton grazing (Calbet & Landry 2004), and 

the seasonal phytoplankton blooms are commonly followed by a peak in the zooplankton 

population (Scheffer et al. 1997).  

As previously mentioned, G. semen do not have a lot of natural predators. However, while 

screening for parasite presence (Experiment 1) a previously undescribed predator – prey 

interaction was regularly observed under the microscope. The predators were smaller than the 

G. semen cells and seemed to be able to avoid G. semen’s defences as multiple cells attacked 

the prey at the same time, tore apart the cell wall and consumed the internal organelles.  

As grazing by this predator on G. semen has previously not been recorded, the interaction was 

studied in more detail. Additionally, since the behaviour was observed in a lab environment, a 

food preference study was set up, to test whether or not G. semen may also be consumed in the 

presence of other potential prey species.  

 

Hypotheses 

Experiment I 

1. G. semen gets infected by protistean parasites. 

2. Different strains of G. semen will be infected by parasites to a variable extent. Some 

strains are likely more susceptible to parasite infection than others. 

3. G. semen will be more susceptible to parasites from their own lake, compared to 

parasites from other lakes, due to adaptation and/or co-evolution. 

Experiment II 

1. The zoospores of the diatom parasite Zygorhizidium sp. will have a negative impact on 

the G. semen cells, as they damage the cell membrane. This will increase the mortality 

of the G. semen cells. 



   

2. The effect of the parasites will be strain specific. Some parasite strains may be more 

vicious in their hunt for a host and may hence increase the mortality rates more than 

others. 

3. The effect of the parasites will further be different depending on the origin lake and 

specific strain of G. semen. Some strains will experience higher mortality in the 

presence of parasites, and this will be specific to certain lake populations. 

Experiment III 

1. The presence of the newly discovered predator will have a negative impact on the G. 

semen cells and control their growth. Over time, as the ciliate population increases, the 

G. semen population will decrease.  

2. When offered different types of prey, the predator will prefer soft bodied prey, such as 

G. semen, over other potential prey species. 

 

Materials and methods 

Experiment I  

Host species 

The specimens were collected from four lakes close to Uppsala: Stora Hålsjön, Siggeforasjön, 

Hanelundsjön and Ramsjön (fig. 2). G. semen has a relatively slow growth rate, about 0.08 

cells/day, with a generation time of around 4-5 days (Cronberg et al. 1988, Rengefors et al. 

2008). Therefore, to establish clonal cultures, cells were isolated already during the summer 

bloom of 2020. Single cells were isolated into modified Wright’s cryptophyte medium (MWC, 

prepared after Guillard & Lorenzen (1972) with TES buffer, and added Selenium, as 

recommended by Karin Rengefors (via sccap.dk)). The cultures were kept in a 12/12-hour light 

condition in an 18°C culture chamber. As clonal cultures were established, they were kept in 

40 ml flasks and transferred into new medium approximately every 4 weeks.  

 

Figure 1. Photograph showing 7 living G. semen cells. In the picture centre, the remains of a dead cell can be seen. 

50 µm 



   

 

Figure 2. Map of the sampling locations. The lakes are quite small and not all can be distinguished on the map, but 

they are located at the very end of the arrowhead. 1) Stora Hålsjön, 2) Siggeforasjön, 3) Hanelundsjön, 4) Ramsjön. 

Map modified from Google Maps (Google n.d.). 

Parasite screening 

Parasite screening was done using two different methods. The first one is looking at plankton 

net samples (De Bruin et al. 2004). The four lakes from where G. semen had been isolated (fig. 

2) were sampled during two months in summer when the cellular abundance was high. 

Sampling was done using a 20 µm plankton net, and the net samples were then screened under 

an inverted microscope, looking for G. semen cells that appeared infected (fig. 3). Such 

individuals were isolated through mouth-pipetting using glass capillaries and put into 100 µl 

clonal host culture in a 96-well plate. The well-plate was regularly screened for development 

of parasitic zoospores or more infected looking cells, which would indicate successful isolation 

of a parasite. A total number of 46 unusual looking cells were isolated and inoculated.  

  

Figure 3. Examples of unusual looking G. semen specimens that were isolated during parasite infection screening. 

The second method was to take water samples from the same lakes, using a Ruttner bottle 

sampler at 0.5-1 meters depth. About 200 ml of the sample water was filtered through a 10 µm 

filter, to remove all bigger cells and matter, but maintain any potential zoospores present in the 



   

sample (Blanquart et al. 2016). One ml of the filtrate was added to 500 µl of clonal G. semen 

culture in 24-well plates. The well plates were regularly screened for cell abnormalities and 

potential infections. In total, 75 wells with host culture were inoculated with water filtrate.  

Experiment II 

As revealed during the experiment above, it appears that G. semen is rarely infected by 

parasites. I hypothesize this is because it lacks a cell wall and is sensitive to external 

disturbances.  

To test the hypothesis that parasite zoospores could cause enough damage to kill the G. semen 

cell, I used a fungal parasite, the chytrid Zygorhizidium sp., naturally found on the diatom 

Asterionella formosa. Though naturally parasitising on a different species, the zoospores 

actively searched for suitable hosts and tried to attach to any cells that they encountered. An 

increased mortality of the G. semen population due to this interaction with the zoospores would 

support the hypothesis that this microalgal species cannot be successfully infected by parasites 

due to damages to the cell membrane. 

Gonyostomum semen 

For this experiment, three strains of G. semen from Siggeforasjön (SF) and Stora Hålsjön (SH) 

were used (fig. 2), testing a total of six strains. As above, these cells were first isolated during 

the summer of 2020, and have been kept as clonal cultures since. 

Diatom parasites 

Diatoms are commonly used in labs, and many of their parasites have been isolated. The 

parasite species used in the experiments is a chytrid species, Zygorhizidium sp., commonly 

found on the diatom Asterionella formosa (fig. 4). For the study, three different strains (called 

A8, A9 and D11) of Zygorhizidium sp. are used. They were all collected at lake Erken and 

isolated during spring 2021 (fig. 5). 

   

Figure 4. Photographs showing a colony of A. formosa infected by the chytrid parasite Zygorhizidium sp. (a) 

compared to healthy colonies (b).  Zygorhizidium zoospores (small, white dots) around some cells of G. semen (c). 

a b c 



   

 

Figure 5. Map of the sampling location, Lake Erken. Map modified from Google Maps (Google n.d.). 

Experimental setup 

To ensure an equal G. semen concentration in each experimental well, the cell concentration of 

the 6 cultures had to be established. One mL of well mixed culture from each chosen strain was 

sampled and mixed with one drop of Lugol’s iodine solution. 200 µl of the stained culture was 

then added to a Utermöhl chamber, in which the cells were counted under an inverted 

microscope (Leica DM IL LED) at 100x magnification. The number of cells and counted light 

fields was noted, and at least 500 cells were counted to avoid bias and keep the numbers 

significant. The concentration of cells was calculated following Equation 1: 

𝐶𝑒𝑙𝑙𝑠 𝑝𝑒𝑟 200µ𝐿 =
𝐴𝑟𝑒𝑎 𝑜𝑓 𝑈𝑡𝑒𝑟𝑚öℎ𝑙 𝑐ℎ𝑎𝑚𝑏𝑒𝑟

𝑁𝑜. 𝑜𝑓 𝑙𝑖𝑔ℎ𝑡𝑓𝑖𝑒𝑙𝑑𝑠 𝑐𝑜𝑢𝑛𝑡𝑒𝑑 × 𝐴𝑟𝑒𝑎 𝑜𝑓 𝑙𝑖𝑔ℎ𝑡𝑓𝑖𝑒𝑙𝑑 
× 𝑁𝑜. 𝑜𝑓 𝑐𝑒𝑙𝑙𝑠 𝑐𝑜𝑢𝑛𝑡𝑒𝑑 

Four wells of each strain were set up in a 96-well plate (fig. 6). 150 µl of cell culture and MWC 

medium were added to each well, to achieve a final cell concentration of 740 cells/150 µl, as 

given by the lowest cell concentration from the counts.  

The parasite zoospores were separated from the infected diatom culture by filtering some 

infected host culture through a 10 µm filter. The large diatom cells stayed on the filter, whereas 

the zoospores were collected with the filtrate. A 1 ml aliquot of the filtrate was then mixed with 

10 µl SYBRgreen and left to stain for 10 minutes while refrigerated. The samples were then 

counted using a flow cytometer (Beckman Coulter CytoFLEX), looking at forward scatter and 

side scatter, as well as FITC, with gains set at 250, 500 and 1, respectively.  This helped 

distinguish the zoospores from bacteria and other background noise that might have been 

present in the samples. The concentration of zoospores given by the flow cytometer was noted. 

To the wells, zoospore filtrate and MWC was added at a total volume of 100 µl, to create a 1:1 

ratio between the zoospores and G. semen (fig. 6). 

For the control wells, the zoospore filtrate was additionally filtered through a 0.2 µM filter, 

removing everything but bacteria and other debris. Equal amounts of flow-through from each 

parasite strain was mixed, and of this, 100 µl was added to the control wells.  



   

 

Figure 6. Set-up of the infection experiment. Six strains of G. semen were exposed to three strains of the diatom 

parasite Zygorhizidium sp., called A8, A9 and D11. The strains starting with SF are G. semen from Siggeforasjön, 

and strains starting with SH originate from Stora Hålsjön.  

To keep track of the development of the G. semen concentrations, 5 photos per well were taken 

at random positions every third day using a Nikon Eclipse Ts2R inverted microscope and 

connected Nikon D5300 digital camera. In the pictures, living and dead cells of G. semen were 

counted separately, and used to estimate the total number in the wells. The calculation for the 

total number of cells per well is as follow in Equation 2: 

𝐶𝑒𝑙𝑙𝑠 𝑝𝑒𝑟 𝑤𝑒𝑙𝑙 =
𝐴𝑟𝑒𝑎 𝑜𝑓 𝑒𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝑎𝑙 𝑤𝑒𝑙𝑙

𝐴𝑟𝑒𝑎 𝑜𝑓 𝑝ℎ𝑜𝑡𝑜 × 𝑁𝑜. 𝑜𝑓 𝑝ℎ𝑜𝑡𝑜𝑠 
× 𝑁𝑜. 𝑜𝑓 𝑐𝑜𝑢𝑛𝑡𝑒𝑑 𝑐𝑒𝑙𝑙𝑠 

If there were less than 10 cells alive in the well, these were all counted manually under the 

microscope, and the exact number was recorded. When there were no cells alive in the well, no 

pictures were taken. Instead, the well was noted as having 100% dead cells. 

The experiment proceeded for about 6 weeks from the setup, until most cells in the treatment 

wells had died. During this time, the cells were not transferred, as this would have lost some of 

the dead cell debris that was counted for the study. 

Analysis 

The data was collected and processed in Microsoft Excel (Microsoft Corporation 2018). The 

data was plotted using the R package ggplot2, and statistical analyses were performed with 

One-way ANOVAS as well as a post-hoc Tukey test using R base package in RStudio (RStudio 

Team 2020).  

Experiment III 

Predator isolations  

The new predators were discovered feeding on G. semen cells in the Siggeforasjön and Ramsjön 

water filtrates used for parasite screening, described in Experiment I. Single predator cells were 

isolated through mouth-pipetting and transferred into some G. semen culture. When clonal 

predator cultures were established, they were kept in 50 ml flasks with G. semen culture at 18°C 



   

at a 12/12-hour light cycle. The predators were fed every 1-3 weeks with new prey when the G. 

semen was depleted from the flasks.  

The new predator was identified as a ciliate as fixation with Lugol’s solution revealed the 

presence of cilia along the cell wall (fig. 7). Hence, this thesis reports for the first time a ciliate 

species that feeds on G. semen. The cellular shape of the ciliate is almost spheric, sometimes a 

bit prolate. The average diameter of the cells is 14.34 µm (± 0.175, n = 30). The smallest 

measurement for a cell was 10.8 µm, while the biggest measured 17.0 µm. 

 

Figure 7. Photograph depicting several stained ciliates surrounding two bigger G. semen cells. The ciliates near 

the upper G. semen cell can be seen feeding on it, as the contents of the G. semen cell are spilling out of the cellular 

structure.  

DNA extraction and sequencing 

Three dense ciliate cultures were filtered, first through a 10 µm filter to remove any lingering 

G. semen cells, then through a 0.2 µm filter to collect the ciliate cells. From the filter, the ciliate 

DNA was extracted using the DNeasy PowerSoil Pro Kit from Qiagen, following the 

manufacturer’s instructions.  

The extracted DNA was amplified using the DreamTaq Green PCR Master Mix (Thermo 

Scientific), and primers SSU1 and SSU1147 at a final concentration of 0.3 µm, in reactions 

with a total volume of 20 µl. The PCR was performed with the settings: 95°C for 5 minutes, 

then 95°C for 30 sec, 54°C for 30 sec and 72°C for 1 minute in 30 cycles, ending with 75°C for 

5 minutes as a final elongation step. The quantity and quality of the PCR products were checked 

using gel electrophoresis separating the DNA molecules through an electrical field of at 70V 

for 50 minutes. The PCR products were then cleaned up using magnetic beads (MagnaMedics’ 

MagSi-NGSPREP Plus) and an in-house protocol, and the concentrations of the samples were 

measured using a Qubit 2.0 (Thermo Fisher) with a high sensitivity double stranded DNA assay 

kit (dsDNA HS assay kit, Thermo Fisher), following the manufacturer’s instructions. The 

samples were then diluted to be within the requested concentration span and were sent to 

Eurofins’ facilities for Sanger sequencing. The resulting sequences were edited in Unipro 

UGENE (Okonechnikov et al. 2012) and compared to the NCBI GenBank database using 

20 µm 



   

BLASTn (GenBank 1982). The samples were unfortunately contaminated, and the predator 

could not be identified. 

In a second attempt to sequence the ciliates, the DNA was again amplified in 20 µl reactions, 

this time using the DreamTaq Green PCR Master Mix (Thermo Scientific) and the primers 

574*f and 1132r, which contained attached Illumina adaptors, at a final concentration of 0.25 

µm. The PCR was carried out with a 2720 Thermal Cycler (Applied Biosystems) with the 

cycling settings: 95°C for 3 minutes, followed by 20 cycles of 95°C for 30 sec, 40°C  for 30 

sec and 72°C for 45 sec, ending with a final elongation step at 72°C for 5 minutes. The amplified 

products were again cleaned up with magnetic beads (MagnaMedics’ MagSi-NGSPREP Plus) 

and an in-house protocol. The samples were then sent to the Illumina sequencing facility at the 

Swedish University of Agricultural Sciences (SLU). There, Illumina handles and indices were 

attached in a second PCR step to allow distinguishing of the samples. The samples were 

supposed to be paired-end sequenced on an Illumina MiSeq platform, but the results are 

unfortunately still pending. 

Since the sequencing results are still unavailable, the taxonomic assignment of the predator still 

needs to be confirmed. Nevertheless, based on its morphology, I will refer to the predatory 

protist as a ciliate from here on in the text. 

The prey organisms 

To test whether the isolated ciliates prefer G. semen over other phytoplankton groups, I set up 

a prey preference study testing four taxonomically different species.  

Green algae 

Green algae are a large, paraphyletic group of photoautotrophic organisms sharing a common 

ancestor with plants. The green algae are highly heterogenous in all aspects: size, shape, way 

of life, habitat, and even colour (Naselli-Flores & Barone 2009). In the experiment, green algae 

of the genus Scenedesmus was used (fig. 8). Scenedesmus is one of the most prevalent genera 

of algae in freshwater (van Donk & Hessen 1993) and is also widely used in labs (see for 

example Christenson & Sims 2011 and Marrez et al. 2019).  

The strain used in this study is NIVA-CHL 116. It has been cultivated at the Swedish University 

of Agricultural Sciences (SLU) in Uppsala, from where an aliquot has been borrowed for the 

experiment.  

 

Figure 8. Photograph of Scenedesmus sp. The scale line corresponds to 25 µm. 



   

Cyanobacteria 

Cyanobacteria are the largest and most diverse group of the photosynthetic prokaryotes, and 

they can be found almost everywhere (Sukenik et al. 2009). Microcystis is a genus of small, 

colony forming cyanobacteria. Many species produce toxins and can form noxious blooms in 

favourable conditions (Gademann et al. 2010).  

The species used for the experiment is a non-toxic strain of Microcystis aeruginosa, with the 

code NIVA-CYA 118/2 (fig. 9). The strain has been cultivated at the Swedish University of 

Agricultural Sciences (SLU), from where aliquots were borrowed for the experiment.  

 

Figure 9. Photograph of two M. aeruginosa colonies. The scale line corresponds to 25 µm. 

Diatom  

Diatoms (Bacillariophyceae) are one of the most found plankton groups in freshwater systems 

(Sabater 2009). They are characterized by a silicate shell, a theca, that protects the cellular 

organelles (Sabater 2009). The diatom species Stephanodiscus sp. was used for the experiment 

(fig. 10) and is a relatively big, centric species (on average 16 ± 0.16 µm in diameter). It is a 

primarily solitary species. The specimens were collected at lake Erken (fig. 5) during the spring 

bloom of 2020. Cells were isolated and grown to clonal cultures. 

 

Figure 10. Photograph of Stephanodiscus sp. The scale line corresponds to 25 µm. 

 

 

 

 



   

Experimental design 

The hypotheses regarding the predatory behaviour of the newly isolated ciliate will be answered 

in two different studies. 

Predator – prey interaction study 

For the first experiment, three different strains of G. semen originating from Siggeforasjön were 

used as replicates (here called SF1A1, SF1A7 and SF2D2). To establish a set ratio between the 

ciliates and the G. semen, the different strain densities were assessed by staining a 1 mL aliquot 

of the cultures with a drop of Lugol’s solution and counting the cells manually under an inverted 

microscope (Leica DM IL LED), estimating the density using Eq. 1. The same procedure was 

repeated with the ciliates, which had not been fed for over one week, reducing the original G. 

semen host culture to insignificant concentrations. The ratio was chosen at 1 ciliate to 10 G. 

semen (1:10), with an expected final concentration of 43 cells/ml and 434 cells/ml, respectively, 

in a final volume of 23 ml. Three co-cultures were set up this way. 

The experimental flasks were kept at 18°C with a 12/12-hour light cycle. Every second day, a 

1ml aliquot was taken from the bottle, stained with Lugol’s solution, and the number of G. 

semen cells and ciliates were counted as before. The experiment was left until all G. semen were 

gone from the bottles, approximately 2 weeks for the different treatments.  

All data was collected in Microsoft Excel (Microsoft Corporation 2018) and processed with the 

R base package in RStudio (RStudio Team 2020). The data was statistically tested using paired 

t-tests.  

Prey preference study 

By including multiple phytoplankton species in one experimental unit, the ciliate will be able 

to actively select for its preferred prey, thus simulating more natural conditions. The method is 

based on that of (Lehman & Sandgren 1985), where the initial concentrations of the algal 

species are chosen to achieve equal biovolume of the potential prey. Equal biovolume means 

that, though the number of individuals will differ between the species, the total amount of food 

available to the predator will be identically divided among the species.  

For G. semen, Scenedesmus, and Stephanodiscus, the biovolume was estimated by measuring 

individual cells and calculating it according to suggested shapes and equations given by 

(Hillebrand et al. 1999). The cells were measured under an inverted microscope, using the 

measuring system associated with the QImaging QIclick F-CLR12 camera connected to the 

microscope (Leica DM IL LED). Sixty cells were measured for each species, as this gave an 

error below 5% for all species and avoids measuring bias (Sun & Liu 2003). Due to the small 

cell size of M. aeruginosa, the above-mentioned method could not be applied. Instead, the size 

of the colonies was estimated on an interval scale from 20 – 100 individuals, and the total 

biovolume was calculated based on a known cellular average biovolume, as suggested by 

Olenina et al. (2006).  

The cell concentration of each species was estimated as explained in part 2. For the values to 

be as accurate as possible, the measurements were done no more than 24 hours before the start 

of the experiment.  



   

A biovolume of 4 000 000 µm3 was chosen for all species, and species-specific culture volumes 

were added accordingly. The total number of cells in the well was approximately 100 000 cells, 

and the number of ciliate cells to be added to the treatment was set to 2.5 % (table 1).  

Table 1. The number of cells to be added in the predator – prey interaction experiment. The number of the prey 

species (G. semen, Scenedesmus sp., M. aeruginosa Stephanodiscus sp.) are set to correspond to a biovolume of 

4 000 000 for each species. The number of ciliates added are approximately 2.5% of the total prey cell number. 

Species Number of cells 

G. semen 220 

Scenedesmus sp. 31 000 

M. aeruginosa 62 000 

Stephanodiscus sp. 2 000 

Ciliate predator 2 500 

 

To the control, a corresponding volume of MWC was added instead of ciliate culture. This 

resulted in a total volume of 1135 µl, to which an additional 500 µl of MWC medium was 

added. Six replicates were done of each treatment. The experiment was conducted in a 24-well 

plate which was kept at 18°C in a 12/12-hour light cycle.  

After 5 days (120 hours) the experiment was stopped by adding a drop of Lugol’s solution to 

each well. The number of intact individuals for each species was then counted in 8 random 

positions under an inverted microscope (Nikon Eclipse Ts2R), again using Eq. 2 to estimate the 

cell numbers in the whole well. From these values, the total biovolume in the wells were 

calculated. For G. Semen, the entire well was counted as there were quite few cells present.  

The data was collected in Microsoft Excel (Microsoft Corporation 2018) and processed with 

the base R package in RStudio using one-way ANOVAS (RStudio Team 2020).  

 

Results 

Experiment I  

After two months of sampling and examining for infections in the well plates, no parasites had 

been found associated with G. semen through either screening method. This rejects my initial 

hypothesis of frequent parasitic infections in this microalgal species.  

Experiment II 

Strains of G. semen were exposed to chytrid zoospores to investigate the reaction of the 

phytoplankton cells to attempts of parasite infections. To determine suitable time points for 

statistical analyses, the data was plotted, and the start and end points of the decline of G. semen 

were determined. The start point was set to before the mortality started increasing, and the end 

point was set to before the control treatments started dying. Data recorded after this point was 

deemed irrelevant to the experiment as it represents natural mortality in the G. semen strains. A 

mid-point was then put in between the two. Based on the plot produced, days 6, 18 and 30 were 



   

chosen for statistical comparison between the treatments (fig. 11). Day 3 was not chosen as the 

raw data showed too few cells for four out of six G. semen strains, and the data was hence not 

comparable between treatments. 

 

Figure 11. Plot showing the percentage of dead cells for all replicates over time. The x axis shows the number of 

days from the start of the experiment and the y axis shows the percentage of dead cells of the total number of cells 

in the replicates. The colours symbolise the different Zygorhizidium sp. parasite strains, and the symbols represent 

the G. semen strains. The time points chosen for comparisons are marked with vertical lines. 

Parasite zoospore effects on G. semen  

During the midpoint of the experiment (day 18, fig. 12), there was a significant difference in 

the mortality of G. semen cells exposed to parasites compared to those in the control treatment 

(ANOVA18: F(1, 22) =12.35, p = 0.0020).  

 

Figure 12. The plot shows the effect of treatment on the G. semen cells mid experiment, on day 18. The x axis 

shows the two treatments (control (n = 6) and parasite (n = 18)), and the y axis shows the percentage of dead cells 

of the total number of cells in each treatment. The bar in green is the control and the blue bar represents the parasite 

treatment. Standard error and mean values are shown on each bar. 



   

There was no significant difference in death percentage between the three parasite strains and 

the control on day 6 (ANOVA6: F(3, 20) = 0.97, p = 0.43) (fig. 13). However, during the later 

time points, there were significant differences between the treatments (ANOVA18: F(3, 20) = 7.37, 

p = 0.0016  ̧ANOVA30: F(3, 20) = 4.20, p = 0.019). At day 18, the presence of parasites D11 and 

A9 had caused significantly more deaths in G. semen compared to the control treatment (Tukey 

p = 0.00094 and p = 0.035, respectively). On day 30, this significance remained only between 

D11 and the control treatment (Tukey p = 0.014). There were no statistically significant effects 

between the parasite strains, despite some visually noticeable trends (fig. 13).  

 

 

Figure 13. Figures showing the effect of the three Zygorhizidium sp. parasite strains on the percentage of dead cells 

of the total number of cells in each treatment. The control treatment is also shown. The x axis depicts days from 

start of the experiment, and the y axis shows the percentage of dead cells. The different colours/symbols represent 

the tested G. semen strains. 

G. semen strain and lake effects 

There was no significant effect of G. semen strain on the percentage of dead G. semen cells at 

any of the time points (ANOVA6: F(5, 12) = 2.86, p = 0.063; ANOVA18: F(5, 12) = 1.61, p = 0.23; 

ANOVA30: F(5, 12) = 2.54, p = 0.086). Similarly, the origin lake did not have any significant 

effect on the G. semen mortality at any time point (ANOVA6: F(1, 16) = 0.55, p = 0.47; 

ANOVA18: F(1, 16) = 1.08, p = 0.31; ANOVA30: F(1, 16) = 0.81, p = 0.382). 

Experiment III 

Predator – prey interaction study 

G. semen strains were exposed to a ciliate to study a new predator – prey interaction. All three 

co-cultures showed a similar pattern, where the number of ciliates increased as the G. semen 

cells decreased (fig. 14). The G. semen cells were eventually depleted from the flasks, due to 

the ciliate consumption. As the prey was depleted, often close to peak ciliate abundance, the 

ciliate concentration rapidly dropped in all three replicates. 

 



   

 

 

 

Figure 14. Plots showing the change in G. semen (blue line) and ciliate cells (red line) over time in the co-cultures. 

The x axis shows the number of days from experimental start, and the y axis displays number of cells per millilitre. 

For G. semen, the number of cells on day 8 was significantly lower than on day 2 (t(2) = 11.93, 

p = 0.0070). For the ciliates, when looking at individual peak concentrations (varying between 

day 4 and day 10) compared to the initial day 2 value, there was a significant difference in the 

number of ciliate cells (t(2) = -5.91, p = 0.027), with a higher number of cells on the day of the 

peak compared to day 2.  

Prey preference study 

The predatory ciliate was given four different species of potential prey, to investigate the prey 

preference of the ciliate. Unfortunately, one of each treatment replicate was lost due to spill 

over, leaving five usable replicates for statistical analysis. 

When comparing the final biovolume in the ciliate and control treatments, the treatment effect 

varied between the tested species (fig. 15). 



   

Figure 15. Figures showing the difference in biovolume between the ciliate treatment and the control treatment for 

the different species. On the x axis is the different treatments and on the y axis is the biovolume. Please note the 

different scales on the y axis for the different species.  

The statistical analysis showed no significant difference between the treatments for neither 

Scenedesmus nor M. aeruginosa (F1,8 = 3.18, p = 0.12 and F1,8 = 0.23, p = 0.65, respectively). 

There were though significant differences between the treatments for both G. semen and 

Stephanodiscus. For G. semen, there was a decrease of the biovolume in the ciliate treatment 

versus the control treatment (-6,815,355 µm3, F1,8 = 7.44, p = 0.026). There were no G. semen 

cells in the ciliate treatment, and on average 3.8 cells were found in the control treatment 

replicates. In contrast, Stephanodiscus had a higher biovolume in the ciliate treatment compared 

to the control treatment (+1,218,405 µm3, F1,8 = 10.75, p = 0.011).  

 

Discussion 

Thus far, several studies have shown that G. semen experiences little grazing pressure by 

zooplankton, and parasitic infections have never been studied or recorded.  

G. semen and parasites 

As no parasites were observed during the lake sample screening, it is probable that G. semen 

might rarely be infected by parasites. The infected looking G. semen cells that were isolated 

during the screening were perhaps older and degrading specimen, specimen that were about to 

undergo cellular division, or potentially a cell that had just fused from two gamets and had not 

yet achieved full membrane tension (Figueroa & Rengefors 2006). The collected cells were, 

due to the temporary abnormal looking state created by any of the reasons given, mistaken for 

parasitic infections.  



   

The lack of parasites seen, despite the high biomass of G. semen in the sampled lakes, is difficult 

to explain. One possible reason for this could be the lack of cell walls in G. semen, something 

that makes it sensitive to sudden movements and physical stress (Cronberg et al. 1988). 

Therefore, any attempt of a parasite to attach to the cell may simply cause it to burst, preventing 

a successful infection. A successful infection requires the parasite to be able to form a stable 

attachment on or penetrate the cell (Ibelings et al. 2004, Agha et al. 2018). Without such a 

stable attachment the parasite would be unable to reproduce, and hence the parasite population 

would diminish.  

The diatom parasite zoospore study supports the hypothesis that G. semen may not have 

parasitic infections due to a lack of supportive cell wall. The death and disintegration of the 

host cell probably inhibits parasite reproduction (Ibelings et al. 2004). In the experiment, the 

nutrient released from the burst-cell debris might have sustained the zoospores for a period of 

time, but would not have allowed for any reproductive measures, meaning that growth of the 

parasite population was not possible. Of course, the interaction between the Zygorhizidium 

zoospores and G. semen may not be prevalent in natural systems. Still, during the study, the 

zoospores were observed displaying a host-searching behaviour, where they would linger 

around and try to attach to the cells that they encountered. The observed increase in dead G. 

semen cells due to the interaction with Zygorhizidium sp. in the experiment might also occur in 

nature and could potentially have significant effects on the G. semen population.  

The individual G. semen strains had less effect on the outcome of the zoospore study than first 

hypothesised. I expected the genetic variation between the G. semen strains to manifest as 

different persistence against the parasite, and hence that some G. semen strains would show an 

increased mortality as a response to the parasites, while some would react less. Further, I 

predicted that these differences would be connected to the origin lake, where G. semen strains 

from one lake would typically be more persistent that those from the other. Previous studies 

looking at the interaction between microalgae and parasites have found such results (see e.g., 

De Bruin et al. 2004, Blanquart et al. 2016). However, neither G. semen strain nor origin lake 

had any influence on the cell mortality the presented study. This could be due to the fact that 

the strains have been cultivated in a lab for many generations and now have a more streamlined 

behaviour (Yoshida et al. 2003). It could also be that the differences between the strains were 

not very big to begin with, and hence had comparable reactions when encountering the parasite 

zoospores.  

Moreover, the host-searching behaviour of the three Zygorhizidium sp. strains caused similar 

amounts of mortality in G. semen. Although there were no statistically significant differences 

between the parasite strains, the data suggested slight variations in the ability, or efficiency, of 

finding a host. Parasite strain D11 caused more consistently rapid mortality in all G. semen 

strains, while parasites A8 and A9 had more variable effect on the G. semen strains. This is in 

line with other studies conducted on phytoplankton parasites, where different strains diverged 

in their effectiveness and success in infecting hosts (see e.g., De Bruin et al. 2004, Blanquart et 

al. 2016). The observed differences between the parasite strains in this study may have been 



   

statistically significant, had more replicates been carried out. This would have increased the 

statistical power of the study and may have allowed for more straightforward conclusions.  

Ciliate predator interactions 

The interaction between G. semen and the ciliate showed the pattern typical of predator – prey 

(Minelli 2008). As many studies have described the limited number of zooplankton species 

feeding on G. semen (Johansson et al. 2013), this finding is quite interesting. As this observation 

was made under laboratory conditions, the interaction might not regularly take place in nature. 

Still, G. semen and the ciliate do evidently co-occur in lakes, and it is therefore likely that they 

at least occasionally interact in a similar manner.  

In the predator – prey interaction study, the three different G. semen strains showed the same 

behaviour, meaning the concentration of G. semen declined when the ciliates increased in 

number. However, the time it took until depletion differed between the G. semen strains. This 

is likely due to differences in the initial densities that were noticed in both G. semen and the 

ciliates after the start of the experiment. Hence, the study shows some shortcomings with 

density estimations through aliquots. This can be noted for the initial densities, and can further 

be seen in replicate SF1A1, where the value counted for day 4 was almost twice as high as that 

on day 2, something that would not be expected for a slow-growing species like G. semen. To 

determine whether this divergence was due to concentration differences or physiological 

variations between the G. semen strains, at least one more replicate should have been carried 

out. In future studies, this is something worth looking closer at as variable susceptibility to the 

predator could imply that some G. semen strains have developed additional defences in response 

to the threat of grazing (Pančić & Kiørboe 2018). 

As hypothesized, the prey preference study showed that the ciliates prefer the soft-bodied G. 

semen over other offered prey species. Although the results might not be completely reliable, 

as the average number of G. semen cells in the control treatment was expected to be around 200 

but was just 3.8. Generally, the outcome of the study seems to be strongly influenced by 

competition, rather than predation. This would explain why there were so few G. semen in the 

control, and further why there was an increase of Stephanodiscus in the ciliate treatment. 

Scenedesmus, a very fast-growing species (Difusa et al. 2015), likely took over in the control 

treatment, suppressing the other species. In the ciliate treatment, the ciliate presence may have 

been able to slow down the growth of Scenedesmus, hence allowing the diatoms to maintain 

higher concentrations. Nonetheless, the fact is that the G. semen cells were entirely depleted 

from the ciliate treatment while there were some individuals alive in the control treatment, and 

it is therefore feasible that the individuals that did not succumb to the competition were eaten 

by the ciliates.  

In future studies, the experimental set-up could be optimized by using species of more similar 

size, meaning more equal number of individuals corresponding to the same biovolume, and 

further a more similar growth rate (Ward et al. 2017). This could have decreased the risk of a 

small species with a high growth rate taking over. Additionally, the biovolume chosen for the 

species was likely too high. A lower biovolume would have allowed for a fairer competition 

between the species. For example, a lower species biovolume would have depleted the nutrients 



   

later, reducing the competition for food, and instead facilitated more accurate conclusions about 

predator influence and prey preference.  

The existence of the ciliate as a predator on G. semen could be of great importance to the 

ecology of this phytoplankton species. G. semen can form extensive blooms that dominate the 

phytoplankton community, potentially outcompeting other algae and altering the food web 

dynamics of the lake. If the ciliate was present in large numbers, the magnitude of the bloom 

would be controlled, allowing other species to thrive alongside G. semen. Moreover, the ciliate 

is smaller than G. semen and not capable of engulfing it, instead tearing the cell apart. The 

action releases nutrients and organic matter into the water, which can be taken up by bacteria 

and brought back into the food web via the microbial loop (Pernthaler & Posch 2009). 

Otherwise, most organic matter in the G. semen cells would be locked away in the sediment as 

the cells die, instead of being transported up the food chain. Predators smaller than their prey 

are often overlooked, but microzooplankton likely have a large impact as grazers on 

phytoplankton (Calbet & Landry 2004). The ciliate could hence be contributing to the overall 

state of the lake by exerting top – down control on G. semen as well as increasing the nutrient 

transfer to higher trophic levels.  

Outlook 

The topic of top – down control of G. semen is one where we still have much to learn. For 

example, the research would benefit from a more thorough parasite screening, to be sure there 

are no parasites that are associated with G. semen. There could perhaps be some species that 

have different mechanisms of action, evading the issue with the lack of a structural cell wall. 

There have for example been pictures of infected looking cells from a lake in Germany (pers. 

com.), and a more thorough study is called for.  

There should further, as mentioned, be more well-developed studies involving the new ciliate 

predator, both refining the studies presented in this report, and setting up new ones answering 

extended hypotheses as well. The ciliate – G. semen interaction is still understudied and there 

are many unanswered questions such as: to what extent does the ciliate rely on G. semen as a 

food source in natural ecosystems, and do the increase and decrease of the ciliate population 

co-occur with the G. semen bloom? Where does the ciliate occur, and to what extent does this 

correlate with the distribution of G. semen? These questions would be the next step in finding 

out more about the particular interaction discussed here. 

In summary, I have here presented three studies which illuminate different aspects of top – 

down control of G. semen. Apart from dismissing my hypothesis about G. semen being infected 

by parasites and trying to explain this with the species physiological characteristics, namely G. 

semen’s possession of only a cell membrane, I also report the discovery of a new predatory 

interaction. As these are novel studies and discoveries, they have contributed to our 

understanding of G. semen’s ecology. 
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