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Abstract 

Phytoplankton are essential organisms, both as primary producers and for their role in the 

carbon cycle. Their life cycle and the seasonal cycle is therefore utterly important. In this 

study, I aimed to investigate the seasonal changes in nanoplankton.  

All the water samples came from Bastøy in Outer Oslofjorden. A CTD, a Secchi disk and a 

submersible fluorometer were used to provide hydrographical data. Niskin bottles were 

used to collect water for scanning electron microscope (SEM). Also, 25 ml of water were 

collected from 5 metres and were counted to get plankton abundance data and to compare 

the species composition found in a light microscope (LM) with the ones done in the SEM. 

With the use of an SEM, you get a better resolution of the outer structure of the cells. While 

DNA sequencing is useful there are a few problems that you can avoid using microscopy. 

Two essential problems with DNA sequencing are primer bias and tag switching. You also 

need a good database for the reads to match up with. LM and SEM is therefore good 

methods to start with.    

Using SEM I found that the composition of nanoplankton is similar to that of microplankton. 

Diatoms and dinoflagellates count for a majority of the species in Oslofjorden, but 

Choanoflagellates were surprisingly species-rich as well with 18 taxa identified. The total 

number of species was less varying among the nanoplankton than it was in the total 

phytoplankton samples. July was the most species-rich month while December was the 

least species-rich month. There does not seem to be a direct correlation between the 

number of species and the chemical properties of the water, but a rather clear connection 

between the hydrographical data and the number of individuals, i.e. the abundance. 

Several species were identified in Oslofjorden that have not been identified there before. 

There are various identified species of Azadinium and Aphidoma languida in several samples. 

Both A. languida and Azadinium spp. can have an impact on the environment in the fjord as 

they produce azaspiracids which can accumulate in shellfish. Another exciting find was 

several Pentapharsodinium dalei, which are common cold-water algae, but which is 

generally hard to identify with a light microscope.   
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DNA sequencing of the samples should be done to further complement the morphological 

findings in this study. Future monitoring of micro- and nanoplankton in Oslofjorden should 

be kept up as well to follow the trends and development of the plankton community. 
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1 Introduction 

Phytoplankton are essential as primary producers. Protist plankton are a vital food 

source for many animals, both planktonic grazers such as copepods, and for the 

sessile animals such as mussels (Helbling and Villafañe, 2009). They can form 

significant blooms when the conditions are right, and some species can be toxic and 

produce harmful algal blooms as well (Heisler et al. 2008). In addition to being an 

important food source for many animals, they also sequestrate CO2, known as 

biosequestration (Duke, 2008)(Sayre, 2010). Phytoplankton also produces about 50 

% of the world’s oxygen, making them not only indirectly relevant but directly 

beneficial to terrestrial life (Ryther, 1970)(Lin et al. 2003). Given plankton’s important 

role in the ecosystem, it is crucial to know the species composition in the plankton 

community. 

Oslofjorden 

It is vital to understand the topology and physical conditions of Oslofjorden, to 

properly understand what affects the community and phenology of the plankton 

living there.  

Oslofjorden is a 100km long inlet that stretches from the south-east of Norway from 

Oslo to Færder in Skagerrak. The fjord is divided into an inner and outer part, divided 

by the shallow Drøbaksundet with a threshold depth of 19 metres (Alve and Nagy 

1990). The depth in the inner part of Oslofjorden varies from 50-160 metres while 

the depth in the outer part of Oslofjorden ranges between 200-350 metres (Aure et 

al. 2014). For comparison, the deepest point in Skagerrak is about 700 metres (Anon, 

1993). 

Oslofjorden’s physical and chemical properties, such as salinity, temperature and 

nutrient levels, are affected by the different sources of water from Skagerrak (figure 

1). Atlantic water arrives from the North Sea, mainly driven by wind and air pressure, 

and has high nutrient levels and salinity of 35 (Sætre, 2007).   
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Figure 1: The different currents affecting the water properties of the outer Oslofjorden. 

 

Along the coast of Denmark, water masses are arriving from the German Bight with 

the Jutland current. As the Atlantic water masses, these too are mainly wind-driven, 

and mainly during southern winds in the summer. From the east coast of Denmark 

and the west coast of Sweden water arrives through Kattegat from the Baltic sea 

with the Baltic current. The water masses flowing in with the Jutland current and the 

Baltic current dominates the upper layers of Skagerrak, as the Atlantic water is 

denser and flows underneath. (Sætre, 2007). These three currents, along with the 

current that flows south-west along the eastern coast of Norway, create a counter-

clockwise circulation that favours upwelling and brings nutrients to the upper layers 

(Lange et al. 1992). In addition to the water from Skagerrak, Oslofjorden is also 

affected by rivers of freshwater, mainly Drammenselva and Glomma. The rivers 

carry nutrients but also makes the water in Oslofjorden more brackish and more 

humus-rich.  
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Seasonal cycle of protist plankton in Oslofjorden  

The plankton in Oslofjorden have been studied for decades. Among other, studies 

have been carried out by Braarud and Bursa in 1939, Hasle and Smayda in 1960, and 

Paasche and Østergren in 1980. Regular monitoring of the Inner Oslofjorden have 

been carried out since 1973 and for the Outer Oslofjorden since 2001 under the 

supervision of “Fagrådet for Ytre Oslofjord”. Norwegian Institute for Water Research 

and Institute of Marine Research started monitoring the outer Oslofjorden and 

Skagerrak during their “Økokyst” program. Here they monitor environmental 

factors, nutrients and biodiversity (Moy et al. 2016). The Norwegian coastal waters 

have a high heterogeneity in plankton and high diversity in diatoms, dinoflagellates, 

haptophytes and other planktonic groups (Moy et al. 2016). 

Since Oslofjorden is in the boreal zone the seasonal changes of the weather affects 

the plankton community throughout the year, and thus the species composition 

varies seasonally (Hasle & Smayda, 1960) (Figure 2)(Table 1). During the 

phytoplankton blooms, the nutrients get depleted. In the cold winter months, the 

light conditions are minimal and will not support phytoplankton blooms. At the 

same time, there is a weakening of the pycnocline which supports vertical mixing of 

the water, as well as upwelling, that brings nutrients from the deeper layers. In the 

early spring, when there is more sunlight as well as nutrient-rich water which 

supports a significant algal bloom that usually appears between February to March 

in Oslofjorden (Aure et al., 2014). During the spring bloom diatoms dominate (Noren 

& Naustvoll et al. 2010). Towards the end of the summer, the nutrients are quite 

depleted, and the phytoplankton has supported a zooplankton resurgence. Light 

conditions are still good enough to support some plankton growth, but not a full 

bloom. In the late summer, the water column undergoes a cooling of the surface 

waters. The cooling reduces stratification, which makes the water nutrient-rich 

enough to support a second bloom. Dinoflagellates often dominate the second 

bloom (Walday et al., 2012).  
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Table 1: Showing a regular cycle of the most important physical and chemical factors affecting phytoplankton 

blooming during the seasons in temperate and boreal seas. (Table modified after Valestrand 2018) 

Season Temperature Nutrients Light Salinity 

Spring Low High Low to High Low 

Summer High Low High High 

Autumn High High Low to High Low 

Winter Low High Low High 

 

 

 

Figure 2: The blooms of phytoplankton and zooplankton showed with sunlight and nutrients as graphs 

throughout a year. The figure is not exact enough for Oslofjorden but shows general seasonal changes. (Figure 

modified after Pearson Prentice Hall, Inc.) 
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Nanoplankton  

Nanoplankton are the plankton between 2 to 20 µm (Omori & Ikeda, 1992). Plankton 

have been defined as nanoplankton if they pass a 45 µm mesh size in earlier studies 

(Throndsen, 1978). I will refer to plankton up to 45 µm as nanoplankton for 

convenience. The smaller the plankton, the larger their relative surface area (Figure 

3). Plankton take up inorganic nutrients from the water surrounding them by 

diffusion through their surface. Thus, the higher their surface divided by their total 

size; the faster they take up nutrients relative to their size. Therefore the increased 

relative surface makes them suited for harsher environments with fewer nutrients. It 

has been demonstrated that less inorganic nutrients leads to a reduced species size 

in the plankton community (Peter & Sommer, 2013). Nanoplankton are interesting 

to monitor as the temperature of the ocean has increased for decades and are 

expected to rise even more (IPCC, 2014).  

 

Figure 3: The relationship between surface area and volume for simple geometrical shapes. The y-axis shows 

surface area (S) in cm
2
, and the x-axis shows volume (V) in cm

3
. (By: Similartothissimilartothat, Wikimedia 

commons) 
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It is challenging to study the smaller plankton under a light microscope, which is 

why, historically, few studies are focusing specifically on the morphology of 

nanoplankton in the outer Oslofjorden. There are no morphological studies on 

nanoplankton from Bastøy specifically. However, in 1978 Throndsen found that 

nanoplankton contributed 65-100 % of the total primary production during the year 

in Oslofjorden. Backe-Hansen & Throndsen (2002) found that there were more than 

40 taxa of ultraphytoplankton in the inner Oslofjorden in 2002. Throndsen (1976) 

found that the nanoplankton in Oslofjorden consisted of most of the algal classes, 

with haptophytes, chrysophytes and prasinophytes being the most prominent. In 

1995 Ohta found that the nanoplanktonic flagellates of Skagerrak were consistent 

with the earlier finds (Throndsen 1976) of flagellates in Skagerrak and Oslofjorden. 

Objectives 

My research aims to investigate the diversity of  plankton between 2 to 45 µm from 

Bastøy in outer Oslofjorden. I wanted to investigate plankton with a focus on some 

of the common groups; Dinoflagellates, Diatoms and Choanoflagellates, with these 

objectives:  

1. Learn more about the seasonal cycle of nanoplankton in the outer 

       Oslofjorden with a focus on:  

 Number of species correlated with hydrographical data  

 comparing the seasonal cycle of nanoplankton to that of other 

microplankton. 

2. To compare my findings in a scanning electron microscope (SEM) with the 

        unknown flagellates found in light microscope cell counts by the Norwegian 

        Institute for Water Research. 

3. To obtain new knowledge of the species composition of ultra- and 

        nanoplankton.  
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2 Materials and methods  

Sampling area 

I collected live samples from Oslofjorden right outside of the island of Bastø, at the 

monitor station VT2, at 59°21'31.2"N 10°35'26.1"E (Figure 3). The samples were 

collected once every month for one year, starting in January and ending in 

December of 2018 (Table 2).  

 

 

Table 2: Date and volume sampled each month. Date of sampling is the date the water was collected, while 

Date of concentration is the day it was concentrated using the tangential flow device VivaFlow. Volume start is 

the amount of water I filtered from each collection and Volume end is the concentrated material. 

Month Date of 

sampling 

Date of pre-

filtering 

Date of 

concentration 

Volume 

start 

Volume 

end 

January 10/01-18 10/01-18 10/01-18 7750 ml 16 ml 

February 14/02-18 15/02-18 15/02-18 10300 ml 21 ml 

March 22/03-18 26/03-18 26/03-18 9700 ml 23 ml 

April 18/04-18 18/04-18 19/04-18 7550 ml 18 ml 

May 23/05-18 23/05-18 25/5-18 9900 ml 25 ml 

June 19/6-18 19/06-18 25/6-18 11000 ml 20 ml 

July 17/07-18 17/07-18 18/07-18 7990 ml 22.5 ml 

August 22/08-18 22/08-18 24/08-18 8400 ml 20 ml 

September 18/09-18 18/09-18 18/09-18 7600 ml 30 ml 

October 11/10-18 15/10-18 15/10-18 10600 ml 15 ml 

November 12/11-18 12/11-18 15/11-18 10000 ml 20 ml 

December 04/12-18 07/12-18 07/12-18 8400 ml 20 ml 
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Figure 4: Image of Oslofjorden, Station Bastø (VT2) marked with a red pin. 

 

The cruises were carried out on the research vessel RV Trygve Braarud (Figure 4). 

 

Figure 5: UiO research vessel RV Trygve Braarud. 
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Water quality  

The water was collected from 5 metres depth using a rosette with Niskin bottles 

(Figure 5). An SBE 9plus CTD (Sea-Bird Scientific, USA) was attached to the rosette 

to measure conductivity, a measure of salinity, temperature, and pressure, which is a 

measure of depth. From temperature and salinity measurements, I also calculated 

density. 

 

 

Figure 6: The Rosette sampler loaded with Niskin bottles and the SBE CTD 

mounted under the bottles. 

 

A submersible fluorometer measured the light. Chlorophyll a was 

also measured in situ. Turbidity in Formazin Nephelometric Unit 

(FNU) was obtained by measuring scattered infrared light at 90 

degrees from the incident beam. 

 

Algae counts were done from a water sample from 5 metres depth that was also 

collected using the rosette sampler. I fixed twenty-five ml water with eight drops of 

Lugol's iodine, and the Norwegian Institute for Water Research did the algae counts. 

Moreover, a Secchi disk was used to measure water transparency and the colour of 

the water. I used the Secchi disk with a white disk without any filters. The disk was 

descended into the water slowly until it was no longer visible, and I noted the depth 

on the cord. The Secchi disk was slowly pulled up again until it was visible, and I 

noted the depth on the cord again. I then averaged the depth to the closest half 

metre on the cord. 

 

According to the Redfield ratio, all marine phytoplankton need a consistent atomic 

ratio of carbon, nitrogen and phosphorus of 106:16:1 respectively (Redfield, 1934). 

Thus, these were considered the essential macronutrients to measure. I collected 

particulate organic carbon (POC) and nitrogen (PN) by filtering 350 ml water onto a 

Whatman filter (Grade GF/F) with 25 mm diameter. Particulate phosphorus (PP) was 
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collected the same way, using 500 ml water. In addition, I collected chlorophyll a by 

filtering 2000 ml water onto a Whatman filter (Grade GF/F) with 47 mm diameter. I 

stored all the filters in a -20℃ freezer on the boat until analysis at the Norwegian 

Institute for Water Research. Additionally, silicon dioxide was collected, because it is 

a crucial substance in the diatom frustule, and in other silica plated plankton.  

Sample collection and preparation 

I collected about 10 litres of water from 5 metres depth on each cruise. One litre was 

filtered onto a DNA filter the same day and stored on dry ice until I could place it in 

an ultra-freezer, -80℃, for later DNA analysis. The rest was stored in bottles and 

taken to the University of Oslo for microscopy preparation. The bottles were first 

cleaned twice with tap water and once with the material water, so as not to pollute 

or obscure the results. Before I concentrated the water, it was pre-filtered through a 

mesh with 45μm masks. The material was concentrated in a 6℃-climate room using 

a Sartorius VIVAFLOW 200, 5,000 MWCO PES according to manufacturer’s 

instructions (full protocol in appendix 1) using a peristaltic pump. The VivaFlow 200 

were stored according to manufacture instructions between each use. 

 

Of the concentrated material, 10 ml was immediately fixed in a falcon tube using a 

mixture of 0,5 ml 50 % Glutaraldehyde and 0,5 ml Milli-Q water to a final 

concentration of 2 %. These samples were left standing up in a refrigerator so that 

the organisms would sink, thus concentrating the sample at the bottom of the falcon 

tubes. I put the rest of the material in 50 ml medium (30 PSU, Imr ⅕, +Ge) in a 3℃-

climate room. After around a week in the climate room, I looked at the samples in a 

light microscope to observe the plankton community and get a general impression 

of the species composition. I did not conduct any proper identification in the light 

microscope. The sample was stored in the 3℃-climate room in case later analysis 

proved necessary.  
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Preparation for SEM 

 

I used 8 mm round coverslips for the scanning electron microscopy samples. From 

each sample, I made four coverslips. The slips were first washed using 1 % acidic 

alcohol, to prepare them for the samples. The acidic alcohol was made by mixing HCl 

(Hydrochloric acid 37 %, AnalaR NORMAPUR®) in distilled water following the 

standard operating procedure for diluting concentrated hydrochloric acid from 

Science ASSIST (SOP in Appendix 1). I then added it to non-rectified ethanol 

(Absolutt alkohol prima ET. AP Ren 99.9 %), leaving the final concentration to be 

approximately 1 % HCl and 70 % ethanol. After washing and rinsing the slips, I 

coated them with poly-l-lysine following Sigma-Aldrich technical bulletin (bulletin in 

Appendix 1). The glass slips dried and I kept them in a clean petri dish with a lid until 

use.  

A humidity chamber was manufactured using a clean plastic box with a lid and paper 

towels with Milli-Q water. I placed the class slips on clean Petri dishes inside the 

chamber. Drops from the bottom of the sample material were placed on each class 

slip overnight so that the organisms in the sample would sink and stick to the poly-l-

lysine. I prepared four slips from each falcon tube; that is, four slips per month. 

 

Next, I prepared the samples for drying in a critical point dryer. The critical point 

dryer ensures a dry sample, yet not crinkled by air drying. The point of the drying is 

to warm up and raise the pressure enough so that the liquid in the sample reaches 

the critical point. In theory, H2O could reach a critical point, but H2O would need too 

high pressure and temperature for it to be practical. CO2, on the other hand, is a 

useful fluid, because it reaches a supercritical state by 74 bar and 31℃. The first goal 

is thus to exchange the H2O in the cells with CO2. Because H2O does not bond very 

well with CO2, it is necessary first to exchange all the H2O in the sample with ethanol. 

The slips were immersed in ethanol in increasing concentrations to prepare for 

critical point drying. First 50 % ethanol, then 70 % ethanol, 80 % ethanol, 90 % 

ethanol and lastly 100 % ethanol. I let the slips soak in each concentration of ethanol 
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for between 15 to 30 minutes. The duration of 15-30 minutes was to make sure that 

the ethanol seeps properly into all the cells, yet not too long to harm the sample. The 

fat in each cell could degrade if the sample steeps for long, especially in the higher 

concentrations of ethanol. This damage is due to the cell membrane weakening, and 

the oil inside the cell being soluble with ethanol and seeping out of the cell 

(Gurtovenko & Anwar, 2008). After immersion in ethanol, the samples dried in BAL-

TEK CPD 030 Critical Point Dryer following the standard operating procedure (SOP 

in Appendix 1). The ethanol exchanges with liquid CO2. The Critical Point Dryer then 

heats the CO2 to about 40℃ and up to 100 bar pressure. The heat and pressure 

ensure that the CO2 reaches the critical point (figure 6) where it is no longer a gas, 

nor liquid, but a supercritical fluid. This supercritical fluid can thus be released slowly 

from the sample leaving the sample dry without the damages left by air drying.  

  

 

Figure 7: The graph shows the temperature and pressure needed to reach the different states for CO2. The 

star marks the critical point. As long as the CO2 is at a higher pressure than 74 bar and higher temperature 

than 31℃, the CO2  will reach the critical point and become a supercritical fluid. (Figure modified after Ben 

FinneyMark Jacobs, Wikimedia commons) 

 

https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Jamshed++Anwar
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When the samples were dehydrated, they were mounted on aluminium studs using 

Chemi-Teknik as, Standard Carbon Adhesive Tabs - 9 mm. Several approaches were 

tested for coating the rim and sputter coating, ranging from 1 nm to 7 nm sputter 

coating with platinum. The rim was tried coated with no paint on the rim, colloidal 

silver or colloidal graphite on the rim.  All over, the best results came with colloidal 

graphite (Isopropanol base) on the rim and ~7 nm platinum sputter coating in 

Cressington 308 UHR Coating System following the standard operating procedure 

(SOP in Appendix 1). This approach was followed with all the samples and the trials 

without paint and with colloidal silver were discarded and redone so that all the 

remaining samples followed the same preparation. 

 

Morphological observations 

I looked at all the samples in a Hitachi S-4800 Scanning Electron Microscope 

(SEM). Morphological analysis was performed based on pictures taken with the 

microscope, called micrographs. I used the algae identification books “Guide 

d’identification du phytoplankton” (Bérard-Therriault et al.. 2009), “Plankton i de 

indre danske farvande” (Thomsen et al. 1992), “Identifying Marine Phytoplankton” 

(Tomas et al. 1996) and “Norsk kystplanktonflora” (Throndsen et al. 2003). 

Additionally, I used several studies on plankton, primarily morphology studies with 

micrographs (Complete list attached in Results: Plankton composition.)  

 

Statistical analyses 

I used the statistical program R (R Core Team, 2018) for all the statistical analyses, 

and the package tidyverse (Hadley Wickham, 2017) when it was possible because it 

includes more straightforward programming. The package data.table (Matt Dowle & 

Arun Srinivasan, 2019) was used to read the data frames in a more sophisticated way 

than basic R allows. Hydrographical data and biological data are displayed as 

https://www.google.no/search?hl=en&tbm=bks&tbm=bks&q=inauthor:%22Lyse+B%C3%A9rard-Therriault%22&sa=X&ved=0ahUKEwjvtu-T1ILaAhUEYZoKHQOOB9QQ9AgILTAA
https://paperpile.com/c/Rd5Xnf/tTkE
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filled.contour density plots (figures 9-14 and 16-17). The data was first interpolated 

using the akima package (Hiroshi Akima & Albrecht Gebhardt, 2016) before making 

the density plots. The rest of the plots were made using ggplot2 (Hadley Wickham, 

2016). All the colour palettes in the plots were made using the RColorBrewer 

package (Erich Neuwirth, 2014). 

Ordination plots or Non-Metric Multidimensional Scaling (NMDS) were done using 

the package vegan (Jari Oksanen et al. 2018). I chose Spearman as a method to find 

which indices gave the least stress among Bray-Curtis, Euclid, Manhatten and Horn. 

Manhatten gave the best result for genera and groups, but Euclid for species.  

The R-package OCE (Kelley and Richards, 2018)  did the calculation of density in 

figure 8. 
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3 Results 

Hydrographical data 

I extracted values for temperature and salinity from the CTD-data for 5 metres 

depth. The values are shown, together with density, in figure 8. It is evident by the 

graph that density and salinity are closely related, though density is affected 

marginally by temperature as well. 2018 had an unusually cold spring and a long, 

warm summer (Raunholm & Svendsen, 2018) (Kjøllesdal & Ekanger, 2018) as is also 

evident in the water at 5 metres depth. The coldest temperature was in March 

(1.14℃), right around the spring bloom, while the warmest period was in July 

(21.01℃). The salinity and density at 5 metres depth seem to be quite stable 

throughout the year, except for a drop around May. In figure 9, it is clear that salinity 

is more variable deeper down in the water column throughout the year. Note that 

the values in figure 8-14 and 16-17 are only between January and November, with 

December missing. Figure 8-13 have the same values for October and November. At 

the time when the results came from NIVA, they had not finalised all of the data, and 

that is why they are missing in these figures, and why October and November are 

identical.  

 

Figure 8: Salinity, density (σT) and temperature (℃), from 5 metres depth, shown through most of the year 

(2018).  
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The CTD measured down to 300 metres depth. Figures 9 to 12 shows the 

development of salinity, temperature, oxygen and turbidity over a year in the upper 

50 metres. In the surface layers, the salinity was lowest around June but stayed quite 

stable the rest of the year at around 25 to 30 PSU.  

 

Figure 9: Salinity measured throughout 11 months from Bastøy. 

 

The temperature was below 5 ℃ in the surface layers from January to April. From 

May to December it was above 5 ℃.  

 

Figure 10: Temperature measured throughout 11 months from Bastøy. 
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The turbidity was around 0.1 from January to July but had a peak towards the end of 

the year.  

 

Figure 11: Turbidity measured in Formazin Nephelometric Unit (FNU). 

 

The oxygen was highest around the spring bloom at the end of March.  

 

Figure 12: Oxygen measured in mg/L from Bastøy. 
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Fluorescence and chlorophyll a was measured every month (figures 13 and 14). Both 

peaked around March when the spring bloom was present, and there are smaller 

peaks around June and finally in September.  

 

Figure 13: Fluorescence measured from filtered water gathered at Bastøy. 

 

Figure 14: Chlorophyll a measured in situ. 

 

Secchi depth was measured as well. As can be seen from figure 15, it corresponds 

well with fluorescence and chlorophyll: when chlorophyll and fluorescence are high, 

there is low water transparency. Measurements of chlorophyll a, fluorescence and 

Secchi depth are highly dependent on the amount of phytoplankton in the water. 

Notice in the figure that I reversed the y-axis to represent the depth of the water 

transparency. From February to March, there is a high rise in chlorophyll a, and the 

transparency of the water is low. From March to April, there is a drop in chlorophyll a 
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and the transparency is higher. Thus the Secchi depth is deeper in the water column. 

The chlorophyll a then rises again from April to June, before it drops dramatically 

from June to July. There are relatively low concentrations of chlorophyll a from July 

through rest of the year.  

 

Figure 15: Secchi depth measured in metres over a year from January 2018 to December 2018. The y-axis is 

reversed. The graph is coloured by the transparency of the water, from right below 3 metres to well above 10 

metres. 

 

Total nitrogen and phosphorous correlates with the measurements of chlorophyll a 

(Figure 16). Total nitrogen is highest during the blooms, first in March, and then later 

in June. The lowest measurements are from August to November. Total phosphorus 

is medium-high from January to March and is at its highest in the deeper layers in 

April. Phosphorous is uniformly low from June to December. Silicon dioxide (Figure 

17) is measured as a dissolved nutrient in the water, and not in vivo. The highest 

measurement is at the beginning of the year, in January. It then decreases as soon as 

the plankton bloom starts forming in February. It is at its lowest right after the 

blooms when plankton has depleted the nutrients in the water; that is April and July 

to September.   
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Figure 16: Amount of macronutrients in the top 30 metres at Bastøy throughout the year. The top figure shows 

Total nitrogen, and the bottom figure shows total phosphorous.  

 

Figure 17: Amount of siliceous oxide, also known as silica in the top 30 metres at Bastøy throughout the year, 

measured as a dissolved nutrient in the water masses. 
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Plankton composition 

I found a wide variety of taxa among the nanoplankton (Figure 18) 

 

Figure 18: A selection of plankton found in the SEM micrographs. Sizes are not to scale. 
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In the collected and concentrated water, I found 34 taxa of dinoflagellates. In addition there 

were 28 taxa of Diatoms, 18 taxa of Choanoflagellates, 1 taxon of Euglenophyceae, 3 taxa of 

Haptophytes, 1 taxon of Dictyochales, 1 taxon of Xanthophyceae, 3 taxa of Crypista, 1 taxon 

of Parmales, 3 taxa Chlorophyceae sensu lato, 3 taxa of Ciliates, 1 taxon of Amoeba, 3 taxa 

of Cercozoa, 1 taxon of Ebriophyceae, and lastly 2 taxa incertae sedis (Table 3).  

 

Table 3: Nanoplankton from Bastøy identified with a scanning electron microscope. The species marked with * 

are toxic according to IOC-UNESCO Taxonomic Reference List of Harmful Micro Algae. 

Species Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec 

Dinoflagellates 34 taxa 

            Amphidinium cf. sphenoides
1,2 

 

x 

          *Amphidoma languida
3 x 

     

x x x 

   Azadinium sp.
4, 5 

          

x 

 Azadinium polongum
4, 5          X x  

*Azadinium poporum
4, 5

           x  

*Azadinium spinosum
         x  x  

Azadinium trinitatum
4, 5

           x  

*Dinophysis acuminata
2 x x     x     x 

*Dinophysis norvegica
2    x  x       

Diplopelta sp.
2      x       

Diplopsalis cf. lenticula
2, 6       x      

Gymnodinium sp.
1, 2      x       

Gyrodinium sp.
1, 2 x x x     x     

Gyrodinium cf. aciculatum
1            x 

cf. Gyrodinium lachryma
1  x           

Heterocapsa sp.
8, 9, 10        x   x  

Heterocapsa cf. minima
9, 11       x x     

Heterocapsa rotudata
8, 9, 10

       x x     

Heterocapsa triquetra
8, 9, 10

    x   x x  X x x 

Oxytoxum gracile 
1,2

         x    
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Pentapharsodinium dalei
6
 x   x x  x      

*Phalacroma rotundatum
2          x   

Prorocentrum micans
2, 3, 6            x 

Prorocentrum cordatum
2, 3, 6

       x x x x x  

Prorocentrum triestinum
6, 12

         x    

*Protoceratium reticulatum
2, 3, 6        x     

cf. Protodinium simplex
1, 2

       x    x  

Protoperidinium bipes
2, 6, 7   x          

Protoperidinium granii
2, 6, 7            x 

Protoperidinium pellucidum
2, 6, 7

    x         

Scrippsiella sp.
2, 7, 13

      x x  x  x x 

Scrippsiella acuminata 
2, 7      x       

Tripos lineatus
2 x            

Woloszynskia reticulata
 15   x    x      

Unknown athecate
 x x  x   x   x   

Unknown athecate
 x x     x   x   

Unknown athecate       x   x   

Unknown athecate       x      

Unknown athecate       x      

Diatoms 28 taxa 

            Asterionella glacialis
 2 

        

x 

   Attheya cf. longicornis
 2 

  

x 

         Attheya septentrionalis
2 

     

x 

      Cerataulina pelagica
 2 

          

x 

 Chaetoceros sp. 
2,6, 16 

    

x 

   

x x 

  Chaetoceros cf. convolutus
2,6, 16

 

     

x 

      Chaetoceros cf. throndsenii
2,6, 16

 

     

x x 

     cf. Cocconeis sp.       x      

Cyclotella sp.
 2, 6, 7 

     

x x 
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Cyclotella choctawhatcheeana 
2, 6, 7

 

      

x x 

 

X 

  Cylindrotheca closterium 
2, 6, 7

 X 

 

x 

  

x 

   

X x 

 Cymatosirella sp. 
2, 6, 7

 

       

x 

    Dactyliosolen sp. 
2, 6, 7

 

        

x X 

  cf. Dactyliosolen fragilissimus 
2, 6, 7

 

     

x 

      Fragilariopsis sp. 
2, 6, 7

 

           

x 

cf. Guinardia striata              

Leptocylindrus sp. 
2, 6, 7

 x 

           cf. Licmophora sp. 
17

 

      

x 

 

x 

   Pseudo-nitzschia sp.
2 

       

x 

  

x 

 *Pseudo-nitzschia cf. calliantha
 2 x x x x 

 

x 

      *Pseudo-nitzschia cf. fraudulenta
 2 

         

X 

  *Pseudo-nitzschia cf. pungens
 2 

           

x 

Rhizosolenia sp.
 2 

   

x 

        Skeletonema marinoi 
2,17, 18 

 

x x 

  

x 

   

X 

  Thalassionema nitzschioides
 2 

    

x 

       Thalassiosira sp.
 2 

 

x x 

         Thalassiosira cf. angulata
 2 

         

X 

  Thalassiosira cf. eccentrica
 2 

          

x 

 Choanoflagellates 18 taxa 

            cf. Acanthocorbis sp.
 1, 7 

  

x 

         Acanthocorbis campanula
1, 7

 

       

x 

    Bicosta spinifera
1, 7

 

 

x 

          aff. Calliacantha
1, 7

 x 

           Calliacantha simplex
1, 7

 

  

x 

         cf. Cosmoeca sp.
1, 7

 x 

           Cosmoeca ventricosa
1, 7

 

  

x 

 

x x 

   

X x 

 Diaphanoeca sphaerica
1, 7

 

  

x 

         Monosiga sp.
 1, 7

 

  

x 

 

x 
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cf. Parvicorbicula sp.
 1, 7

 x 

           Parvicorbicula circularis
1, 7

 

       

x 

    cf. Parvicobicula socialis
1, 7

 

  

x 

         Platypleura sp.
 1, 7

 

      

x 

     Platypleura infundibuliformis
1, 7

 

          

x 

 aff. Saroeca attenuata
1, 7

 

  

x 

         Stephanoeca sp.
 1, 7

 

 

x 

  

x x 

   

x 

  Stephanoeca cf. apheles
1, 7

 

        

x 

   Stephanoeca cf. elegans
1, 7

 x 

           Xanthophyceae 1 taxon 

            Meringosphaera sp.
2, 7 

       

x x x 

  Euglenozoa 1 taxon 

            Eutreptiella sp.
2 

 

x 

          Haptophytes 3 taxa 

            Chrysochromulina sp.
2, 7 x 

           Petasaria heterolepis
6, 19 

        

x x 

  * cf. Phaeocystis sp.
20, 21, 22 

   

x 

    

x 

   Dictyochales 1 taxon 

            Dictyocha speculum
2 

         

x 

  Crypista 3 taxa 

            aff. Chroomonas sp.
 1, 2, 6, 7

 

   

x 

        Leucocryptos marina 
2, 6 

 

x x 

       

x 

 Rhodomonas salina 
2, 6

 

  

x 

         Parmales 1 taxon 

            Triparma cf. laevis
 23 

  

x 

         Chlorophyta sensu lato 3 taxa 

            cf. Mamiella sp.    x         

Pterosperma sp. 1, 2, 6, 7 

    

x 

       Pyramimonas sp.  2, 6, 7, 24 

   

x 
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Ciliates 3 taxa 

            cf. Cryptochilum sp.
 25, 26 

   

x 

        cf. Lohmanniella oviformis
 2, 7 

 

x 

          Mesodinium rubrum
2 

 

x 

          Unknown ciliate  x  x     x X   

Amoeba 1 taxon 

            Amoeba sp. 
2, 26 

 

x 

          Cercozoa 3 taxa 

            Thaumatomastix sp. 
2, 26 

 

x 

          Thaumatomastix cf. salina
 2, 26 x x 

  

x 

       Paulinella ovalis
 2, 7 

      

x x 

  

x 

 Incertae sedis 2 taxa 

            Heterophrys myriapoda
 2, 26, 27 

    

x 

       aff. Choanocystis sp.
2, 7

      x       

Ebriophyceae 1 taxon 

            Ebria tripartita
 2, 7 

    

x x 

 

x 

    1 Bérard-Therriault et al. 2009; 2 Throndsen et al. 2003; 3 Tillmann et al. 2012; 4 Tillmann et al. 

2014; 5 Tillmann et al. 2017; 6 Tomas C (ed). 1996; 7 Thomsen HA (ed). 1992; 8 Iwataki 

Mitsunori. 2008; 9 Iwataki et al. 2004; 10 Tillmann et al. 2017; 11 Salas et al. 2014; 12 Walday, M. 

NIVA, RAPPORT L.NR. 7169-2017; 13 Juliane Kretschmann et al. 2015; 14 Mariana Sofia 

Pandeirada. 2017; 15 Lois A. Pfiester et al. 1980; 16 Yang Li et al. 2017; 17 Luciano F. Fernandes 

et al. 2014; 18 Louise Valestrand. 2018; 19 Diana Sarno et al. 2005; 20 Moestrup. 1979;  

21 Lagerheim. 1893; 22 Natacha Guiselin et al. 2009; 23 Booth in Booth & Marchant. 1987;  

24 John Van den Hoff. 1984; 25 Antarctic Marine Protists, Interactive taxonomic keys; 

26 William D. Taylor et al. 2010; 27 Andrey O. Plotnikov & Elena Gerasimova. 2017. 

 

Throughout the year Dinoflagellates, Diatoms and Choanoflagellates are the most 

frequently encountered nanoplankton in my samples. They are also the most diverse 

groups concerning the number of species. Heterocapsa triquetra, Pentapharsodinium 

https://www.researchgate.net/profile/John_Van_Den_Hoff2?_sg=bLTUeb0YeLUEGsVMecTIEbTDBRzZ-yzyGaRnM8Zk6lF6WM3P0FhWsICA7UK8HykwQfUT6jk.1SZOTjVY0PsDs__ORsXQZQ4YiYpVCUw889JQW1II1aQli0PXEKgA9AlwOHqvw5_GXQecryNtKZqXI6-1V0I7Ig
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dalei, Prorocentrum cordatum, Scrippsiella sp., Pseudo-nitzschia cf. calliantha and 

Cosmoeca ventricosa are the most common species, and all are present in samples 

from at least four different months.   

While the overall number of species drops after each bloom (figure 19), the trends 

are not as apparent in the nanoplankton (figure 19, upper figure). The increase in the 

number of diatom species is not as visible among nanoplankton either. However, 

there is a pronounced rise in the number of dinoflagellate species in July. This rise 

corresponds with the expected dinoflagellate bloom among the larger plankton as 

well. July was also the month with the highest number of taxa altogether, much 

because of the dinoflagellate bloom. Since July is the month with most diversity, it 

goes to show that the bloom in March may not be as diverse as it is grand. The least 

diverse month among the nanoplankton was December, while the result is precisely 

the opposite in the species identified in a light microscope (figure 19, bottom figure). 

April is the month that is most similar between the nanoplankton and all plankton, 

both in terms of group composition and in decline in the number of species. 
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Figure 19: Number of species found throughout the year. The upper figure shows the number of species per 

month identified by scanning electron microscope, <45 µm. Colour coded by their respective taxonomic 

group. The bottom figure shows the number of species per month identified by light microscopy, all sizes 

(table in Appendix 3 – Light Microscopy Cell Counts). Colour coded by their respective taxonomic group. 
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Figure 20: Non-metric multidimensional scaling on groups, genera and species, respectively. Plankton <45 µm. 

The group and genus use the Manhattan indices as it gave the highest rank, while the NMDS on species uses 

the Euclid indices. Each month is colour coded by the temperature in the water at 5 metres. The Green 

encircling represents spring, while yellow is summer, brown is autumn and blue is winter. 
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Ordination on the smaller, <45 µm, species (figure 20) show that there is a 

correlation between temperature and similarity between the months. This 

correlation is visible both when the ordination is done by species, by genera and by 

groups. The seasons do not seem to be very discrete, except when the ordination is 

done on species. When the ordination is done on groups and genera, there is very 

much similarity and overlap between summer and autumn. This similarity could be 

due to the expected late summer to early autumn bloom. The bloom would fall 

partly into the summer months and partly into the autumn months and thus 

minimise the differences. April and December are very close in all the plots, and thus 

the two most similar months regarding nanoplankton composition. In the group 

ordination August, September, November, December, and January are the most 

similar months. Though the seasons do not seem to be very discreet, there seems to 

be a gradient from cold to warm months in all the ordination plots. The temperature 

gradient indicates that the temperature may be more important than the season in 

dictating which species, genera or groups are present. 

Plankton abundance 

The cell counts, performed by NIVA (full table is in Appendix 3) show that a large 

number of the total cell count consists of diatoms during the year. Diatoms are the 

most common species during the year (figure 21). It shows that during most of the 

year the diatoms are the group of algae that affects the abundance of algae most, 

far more than any other group. There are three significant spikes in abundance. First 

the most substantial spike during the spring bloom in March. Then a second spike in 

June and a third spike in October. During the spring bloom, there is also a visible 

spike in Chrysophycea. The most significant spike in Dinoflagellates is in August. It is 

clear from figure 21 that the abundance of algae is not always closely correlated with 

the total number of different species (figure 19).  
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Figure 21: Total cell counts on all plankton from Bastøy, Oslofjorden. The groups are colour coded. The y-axis 

is square root transformed to show the less abundant groups better. 
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Unidentified nanoplankton  

Looking at the algae cell counts determined under the Light Microscope (table 9, 

Appendix 3) there are unidentified flagellates every month. These are the unknown 

unclassified flagellates, unknown choanoflagellates and unknown dinoflagellates 

<40 µm extracted and put into an independent table 4.  

Table 4. Unknown flagellates from light microscope counts. 

Unclassified             

 Unknown flagellates <5 
µm 

. . .  181851 . . . . . .  28840 . 

 Unknown flagellates 5-10 
µm 

. .  19227 . . . .  37652  2360  10414  22431 . 

 Unknown flagellates 10-15 
µm 

  200 . . .  2480 .   480  2080 . . . . 

 Unknown flagellates 20-30 
µm 

.   560 . . . . . . . .   320 . 

  Sum  :  200 560  19227 181851 2480 0 480 39732 2360  10414  51591 0 

Dinophyceae              

 Unknown athecate 
Dinoflagellates <20 µm 

 2040  3440  6409   800  1600  1240  2280  3120  11040  1602  22431  6008 

 Unknown athecate 
Dinoflagellates 20-40 µm 

.   120  1602   400 . . . . .  1240   880  5760 

 Unknown thecate 
Dinoflagellates <20 µm 

. . . . . . . .   440 .  22431 . 

 Unknown thecate 
Dinoflagellates 20-40 µm 

  80 . . . .   600 . . . .   960 . 

                                         Sum  : 2120 3560 8011 1200 1600 1840 2280 3120 11480 2842 46702 11768 

Choanoflagellata              

 Bicosta spinifera . . . . . . . . . . .   120 

 Unknown craspedophycea . .  509503 .  8011 .  25635 . .  3204 . 5 608 

  Sum :    0   0  509503   0  8011   0  25635   0   0  3204   0  5728 

January 

In January there are many unknown dinoflagellates. I believe Pentapharsodinium 

dalei could be among the thecate dinoflagellates 20-40 µm, who is unidentified in 

the light microscope.I also found several choanoflagellates in the electron 

microscope: Calliacantha, Cosmoeca sp., Parvicorbicula sp., and Stephanoeca elegans, 

but no-one was seen in the light microscope. 

February 

There were no registered choanoflagellates in the light microscope, but in the 

electron microscope, I identified two species; Bicosta spinifera and Stephanoeca sp. 
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Interestingly B. spinifera were only seen in the light microscope in December when I 

did not register in the Electron microscope.  

March 

March had lots of unidentified athecate dinoflagellates in size <20 µm. I believe 

Woloszynskia reticulata could be part of the dinoflagellate March bloom, as well as 

numerous small Gymnodiniales.  

As mentioned, March was teeming with choanoflagellates. Not only were there 

many individuals, but there were also especially many different species of 

choanoflagellates. I have identified six different species, which I believe was a 

significant part of the spring bloom in March 2018: Acanthocorbis sp., Calliacantha 

simplex, Cosmoeca ventricosa, Diaphanoeca sphaerica, Monosiga sp., cf. Parvicobicula 

socialis, aff. Saroeca attenuate.  

April 

April was the month with the least different species in the electron microscopy 

samples. It was few species in the light microscopy samples as well.  

The only unknown plankton this month is <5 µm unclassified flagellates. I believe 

they could be Phaeocystis sp. I have only identified the non-motile stage of 

Phaeocystis sp, but they also have a flagellated stage. 

May 

The unclassified flagellates 10-15 µm could be Pterosperma sp. The individuals in the 

electron microscopy sample are around 5 µm, but I suspect that they may have 

shrunk from the SEM preparation. Pterosperma sp. are very fragile cells that start 

shrinking by the electron beam and thus needed more gentle handling than the rest 

of the samples. The preparation before electron microscopy was the same as for the 

other samples, and this may have affected the Pterosperma sp. size. 
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June 

There are many unknown dinoflagellates in June. That is following the many 

different dinoflagellate species in the electron microscopy samples. Among the size 

range 20-40µm of thecate dinoflagellates, I have identified a few that are not 

identified in the light microscope; One species of Diplopelta sp. There is also 

numerous Scrippsiella sp. in June.  

In June there were no choanoflagellates seen in the light microscope. There were, 

however, two species identified in the electron microscope; Cosmoeca ventricosa and 

Stephanoeca sp. 

July 

July has a lot of unknown <20 µm athecate dinoflagellates. Among them, I believe 

there are Woloszynskia reticulata, Protodinium simplex and others.  

There were many unknown choanoflagellates in July, but I only found one species in 

the electron microscope samples; Platypleura sp. Given the uneven and scattered 

distribution of planktonic cells, and the overall small quantity of water looked at in 

the electron microscope there could be more than one species accounting for the 

high number of unknown choanoflagellates, or there could be a bloom of Platypleura 

sp.  

August 

There are many unknown unclassified flagellates in size ranges 5-10 µm and 10-15 

µm. There are many small, unknown flagellates in the electron microscopy as well, 

but they are unfortunately unidentifiable.  

August is yet another month with no choanoflagellates seen in the light microscope. 

Two species, however, identified in the electron microscope; Parvicorbicula circularis 

and Acanthocorbis campanula. These species are August-specific. 
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September 

The thecate dinoflagellates <20 µm in September, I believe to be composed of 

Azadinium spp. and Amphidoma languida. There were no choanoflagellates in the 

light microscope and only one species in the electron microscope; Stephanoeca cf. 

apheles 

October 

There are not many unknown flagellates in October. There are a few unknown 

choanoflagellates counted in the light microscope, which corresponds to the two 

species seen in the electron microscope; Cosmoeca ventricosa and Stephanoeca sp. 

Interestingly the species composition is precisely the same as in June. 

November 

There are not many athecate dinoflagellates in the electron microscope samples, but 

I think Protodinium simplex, could account for the unknown specimen from light 

microscopy.  

When it comes to the <20 µm thecate dinoflagellates, on the other hand, Azadinium 

spp. are essential as there are many in the electron microscopy samples. Especially 

interesting because the light microscopy cell counts have identified zero Azadinium 

spp. in November.  

There are no choanoflagellates seen in the light microscope, but two species seen in 

the scanning electron microscope; Cosmoeca ventricosa and Platypleura 

infundibuliformis.  

December 

Unknown athecate Dinoflagellates <20 µm in December are accounted for by 

Gyrodinium aciculatum. There were some choanoflagellates in the light microscope 

samples, but no-one was seen in the electron microscope samples.  
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4 Discussion 

Evaluation of methods 

Collecting water with Niskin bottles has the advantage of being precise. You can 

collect water from exactly 5 metres every time. There is also an advantage that even 

the smallest cells are collected, unlike with a net haul that will lose most of the cells 

smaller than the mesh size. 

On the other hand, there is a probability that you will lose vital information about 

the phytoplankton community due to spatial heterogeneity (Platt et al. 1970), that 

is, patchiness of distribution. Spatial heterogeneity is the reason I chose 5 metres 

depth because between 5 to 10 metres is thought to be the depth most abundant in 

phytoplankton in Oslofjorden due to the theory that the oceanic surface mixed layer 

is a good proxy for modelling seasonal bloom formation (Calbet et al. 2015). 

Measurements of chlorophyll a and fluorescence (figure 13 and 14) indicate a high 

abundance of protists. However, biomass could differ from richness because 

different plankton has a wide variety of sizes. In the end, it is vital to remember that 

the water collected may not be a reasonable estimate of the larger area’s 

phytoplankton distribution. 

In this master, I only had time to look at morphology and not DNA sequences. 

Morphology is a time-consuming task and even more so when it is done with a 

scanning electron microscope (SEM) as every sample takes days to prepare. This 

means that very few specimens are part of the study compared to DNA-studies 

(Egge et al. 2015). How the different cells react to the preparation for SEM may vary 

which as well, in turn, can give a skewed impression of the community in a sample 

(Murtey & Ramasamy, 2016). Many of the smaller cells, <45 µm, are fragile and may 

be distorted or completely broken by the electron beam itself. All this together 

makes for a tough task to identify as many different cells in each sample as possible, 

which is vital to bear in mind when comparing these findings to other studies.  
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From Table 3 it is clear that there are choanoflagellates in the samples from every 

month except December and April. A probable reason for the discrepancies between 

the light microscope data and the scanning electron microscope data is that 

choanoflagellates can be especially hard to see in a light microscope, and the lorica 

breaks easily. The lorica seems to be intact in most individuals in the SEM 

micrographs.  

There are severe limitations to light microscopy regarding the identification of 

smaller plankton. The magnification is just one aspect. Because the light transmits 

through the sample, there will never be a high resolution on the exterior of the cell. 

However, for the same reason, light microscopy do have certain benefits, such as 

being able to see inner structures like chloroplasts and placement of the nucleus, 

which is often crucial in the identification of dinoflagellates. In a scanning electron 

microscope, on the other hand, the resolution is high, and because the electrons 

bounce back from the exterior of the cell, that part, with all cracks and crevices, are 

highlighted and magnified. Another microscope that may be well suited for this type 

of study is an electrostatic force microscope (EFM). EFM gives very high resolution, 

down to 100nm, and it is possible to see the inside of the cell. Another possibility 

would be to use both SEM and transmission electron microscope (TEM) to see the 

inner structures of the cells. The best result is probably to use several types of 

microscopy on each sample to see every structure as clear as possible.  

In addition to the chosen methods of water collection and identification, the 

preparation of the SEM samples could affect the end result. Comparing my results to 

earlier studies I have surprisingly few coccolithophorids, and haptophytes in general 

(Ohta, 1995)(Livaag, 2016)(Eikrem, 1999). Haakon Liavaag filtered one litre of water 

onto a polycarbonate membrane in his study from 2016, and he found 11 discreet 

species of coccolithophorids during one year. It seems that filtering is a more reliable 

way to collect haptophytes, and the method could affect other groups of protists as 

well. All in all that means that my group composition may not be entirely reliable. 

The most reliable results may come from a selection of methods and not just one, as 

different species and groups may have different requirements.   
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A selection of taxa, results and discussion 

I have chosen a few finds that I think are especially interesting from Oslofjorden. 

These are all plankton that are often impossible to adequately identify without SEM 

or DNA analyses.  

These algae are chosen either because they are not registered in outer Oslofjorden 

before, or because they are of specific environmental importance. Some of these 

plankton affect the environment or impacts other organisms. 

Amphidoma languida 

Amphidoma languida is a dinoflagellate with great similarities to Azadinium spp. 

(Tillmann et al. 2014). It was first identified in Bantry Bay, Ireland (Tillmann et al. 

2012). Given the unique plate pattern of Amphidoma languida, there is no doubt 

about the identification. There is a small, yet very visible ventral pore on the right 

side of 1’, as well as many small pores in plates 1’ to 6’. The plate pattern is as 

follows: PO, 6’, 6’’, 6C, 5S, 6’’’, 2’’’’. There is a large antapical pore on plate number 

2’’’’ as well (Tillmann et al. 2012). A. languida was also thought to produce 

azaspiracids which can accumulate in shellfish and lead to shellfish poisoning (Krock 

et al. 2012). A 2018 study found A. languida to produce negligible amounts of AZAs 

(Tillmann et al. 2018). Amhidoma languida has not yet been registered in outer 

Oslofjorden.  
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Figure 23: Amphidoma languida. Apical view (A), side view (B-D), and antapical view (E). CP= central pore, po = 

pore plate, VP = ventral pore. The pink arrows indicate pores. Red arrows in A, C and E, indicate the large 

antapical pore. Scale bar 5 µm   
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Azadinium spp. 

Azadinium as a genus is especially hard to identify in a light microscope correctly. In some 

species, the antapical spine is visible in a light microscope. Some species do not have a 

protruding spine, and the identification will get even harder as the individuals closely 

resemble Amphidoma, Scrippsiella and Pentapharsodinium. In an electron microscope, on 

the other hand, some species are more easily identified (Tillmann et al. 2017). In my 

samples, I have Azadinium spinosum, Azadinium polongum, Azadinium poporum and 

Azadinium trinitatum. They are identified based on the shape and placement of the ventral 

pore (VP), whether or not they have an antapical spine, their plate pattern and Plate shape 

(Table 5) (Tillmann et al. 2014). Tillmann et al. identified these same species along the 

Norwegian coast in 2018. They are a tricky genus to identify either way because their plates 

are quite fragile and break easily when the electron beam hits them. When their plates 

break, that often changes their shape drastically. Because some Azadinium species produce 

azaspiracids (AZA’s), which can lead to shellfish poisoning, it is important to identify the 

correct species unambiguously. Azadinium poporum and Azadinium spinosum and have been 

found to produce AZAs (Krock et al. 2012). 

Table 5: Characteristics used to identify the different Azadinium spp. in my samples. Vp = Ventral pore, Po = 

pore plate (Table is modified after Tillmann et al. 2014) 

  Azadinium 
poporum 

Azadinium  
polongum 

Azadinium 
trinitatum 

Azadinium  
Spinosum 

Length range 11.3-16.3 10.1-17.4 11.5-16.7 ~ 13.8 

L/W ratio 1.3 1.3 1.5 1.6 

Antapical spine No Yes Yes Yes 

1’’ adjacent to 1a Yes Yes Yes Yes 

Vp position Pore plate, left 
side 

1’, left side Pore plate, right 
side 

1’, left side  

Po symmetry Slightly 
asymmetric 

Po elongated, 
near symmetric 

Asymmetric Slightly 
asymmetric 

Shape of 1’ Wide Wide posterior Narrow Wide posterior 

Relative size 2a 
intercalary plate 

Small Large Small Small 

Relative size 
apical plates 

Medium Medium Small Medium 

Records North Sea, Pacific North Sea North Atlantic North Sea, Pacific 
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Figure 24: Azadinium spp. Based on plate pattern, antapical spine, pores, shape and size. vp= ventral pore. Red 

arrows indicate an antapical spine, and pink arrows indicate a pore complex. Azadinium spinosum (A-E), 

Azadinium poporum (F), Azadinium trinitatum (G), Azadinium polongum (H) Scale bar = 5 µm  
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Pentapharsodinium dalei  

Pentapharsodinium dalei is an interesting species. It is almost impossible to identify 

in a light microscope but by far one of the easier in an electron microscope based on 

the spirals surrounding each pore. It is not surprising to find Pentapharsodinium dalei 

in Oslofjorden as it is a common cold-water species (Lundholm et al. 2014). It has 

been registered here several times before, but it is interesting to see which months it 

was abundant in the samples. It was present in both January, April, May and July. P. 

dalei is also ecologically interesting as it could be used to determine if there is a 

warming of the coastal waters at higher latitudes. Lundholm et al. (2014) proposed it 

to be one of the first indicators of global warming. Though it has recently been 

disputed where and how it could be used as an indication of warming (Tillmann et al. 

2018). There is not a visible correlation between more eutrophication and blooms of 

P. dalei, which suggest that they are not limited by nutrients, but rather by 

temperature. Global warming affects winter temperatures to a greater extent than it 

does summer temperature. Thus, an increase in temperature leads to a longer spring 

bloom and more time for P. dalei to bloom (Dale, 2001). The fact that I found the 

algae in so many of the samples could, therefore, indicate warmer waters. However, 

being that 2018 was such a warm year, it is not necessarily a good indication of a 

trend rather than a peak. 
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Figure 25: Pentapharsodinium dalei. A: Seen from the top of the epitheca. B: Seen from the backside. C: Seen 

at an angle. D: Seen from under the hypotheca. The spiral patterns around the pores are clear from all angles. 

Scale bar = 10 µm 
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Petasaria heterolepis in September and October 

Petasaria heterolepis is a siliceous haptophyte, meaning its scales consist of mostly 

SiO2. Interestingly it also contains a peak of calcium. Silica and calcium accumulation 

among haptophytes are quite rare (Patil et al. 2014). Petasaria is a monospecific 

genus, and because of its fragile cell, much is yet to be understood about the 

morphology of this Haptophyte. Moestrup (1976) found that Petasaria heterolepis 

had “spider web” organic scales. These organic scales are disputed, as someone 

theorises that these scales could be contamination. (Patil et al. 2014). The taxonomic 

relationship of Petasaria heterolepis is determined based on the haptonema seen in 

figure 61 and 62 in Moestrup 1976, but this alone is questionable and provisional 

(Yoshida et al. 2006). It does, however, have similarities with Prymnesium neolepis, 

which also have siliceous scales (Patil et al. 2014). The unclear taxonomic 

relationship, as well as the rare siliceous and calcium scales,  makes this haptophyte 

an interesting find, even though it is common in both warm and cold oceans (Patil et 

al. 2014). 

 

Figure 26: Petasaria heterolepis. The silicious plates are the only visible part of the cell, and they have a 

characteristic form. Scale bar = 5 µm
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Pterosperma sp. 

Pterosperma spp. are generally common plankton in Oslofjorden. This specific 

species is however not registered yet. It is a Pterosperma sp. based on the skirt 

(figure 27), known as the alae, surrounding the entire cell (Parke et al. 1978). The 

genus Pterosperma is described as  14-230 µm green algae at its coccoid (non-

flagellated) stage. The alae divide the surface of the cell into halves or polygonal 

areas (Guiry & Guiry, 2019). The Pterosperma sp. found in the SEM is only around 5 

µm. Thus there is some incongruence between the description of the genus and this 

species. However, I suspect that they may have shrunk from the SEM preparation. 

Pterosperma sp. are very fragile cells that shrink easily.  

 

Figure 27: Pterosperma sp. The red polygons mark a few of the pentagonal and hexagonal alae that cover the 

entire cell. Scale bar A = 2 µm, scale bar B = 5 µm.  
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Nanoplankton seasonal cycle 

 

The smaller plankton, <45 µm, seems to be about as abundant during the colder 

autumn months as during the spring and summer months. Several factors could 

explain that. First, there are fewer large plankton to compete against. Second, their 

small size makes them more effective feeders in nutrient-depleted water as their 

relative surface area is larger, and thus they have a relatively larger area to diffuse 

water for nutrients.  

In December and January, there are few nanoplankton present, which shows a 

general trend similar to that of other single-celled plankton. The low levels of 

ultraviolet light, which is necessary for phytoplankton to perform photosynthesis, 

could explain the low abundance and frequency during the winter.  

As shown in figure 20, it is not possible to distinguish appropriately between the 

seasons for the smaller plankton. Though there are more species of 

Choanoflagellates in March during the spring bloom, the Diatoms have more species 

identified in June and October than during the diatom bloom in March. This may be 

because the spring bloom has a high abundance of few species. As for 

dinoflagellates, they have the highest number of species identified in July, which is 

the month with the highest water transparency, and thus low chlorophyll a. 

Throughout the rest of the year, dinoflagellates are quite abundant with >5 different 

species present, except for March, May and June.  

The limited data in this study is not enough to say anything for sure about the 

nanoplankton seasonal cycle, other than that it seems to follow the general trend 

with many diatoms in the spring, and many dinoflagellates during the late summer 

blooms. 

The salinity (figure 9) does not seem to affect the number of species much. May 

which is the month with the highest salinity is neither the month with most of fewest 

species. The amount of oxygen (figure 12) seems to be very correlated with the 
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number of phytoplankton (figure 21), but not with the amount of differing species 

found (figure 19). July was the most species rich month, while oxygen peaked during 

the bloom in  March. Total nitrogen and phosphorous followed the same general 

trend of peaking during the spring bloom and being quite low after April. All in all 

there does not seem to be a clear correlation between any of the hydrographical 

conditions (figure 9-14, 16-17) and the number of different nanoplanktonic species 

(figure 19).  
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Comparison to other studies and databases 

Barcoding 

Metabarcoding has certain advantages over microscopy. For one, it is possible to 

barcode an entire sample without actually locating the specific individual one wants 

to barcode. Another advantage is that DNA may show differences among similar 

species that are almost invisible, even with a powerful electron microscope.  

On the other hand, barcoding alone also has certain disadvantages. Two essential 

problems are primer bias and tag switching. Primer bias is when general primers 

used to amplify the sequences works better on some genera than others. So with the 

use of a general primer, one may lose information that could be found with 

microscopy and morphological observations (Hansen, 2018). Tag switching, on the 

other hand, has been described as amplicons ending up with different tags than 

those they were initially assigned (Schnell et al., 2015). The demultiplexing stage of 

the metabarcoding pipeline removes non-matching tags. The rate of tag switching 

has been estimated to be quite low, usually below 3 % (Carlsen et al., 2012). 

However, it can still affect the number of viable reads, and in some instances, it is 

much higher than 3 % (Hansen, 2018). 

 

Even with perfect reads, there are more obstacles with barcoding. You need a good 

database for the reads to be matched with. If you do not know which species have 

the different nucleotide sequences a proper read will do nothing to help you. It is also 

essential to know how similar the DNA from different species are, or you may end up 

with a match for a very similar species, but not the correct one (Shanmei et al. 2016). 

To distinguish between different species, you need to have a good database with the 

right gene markers used. It has been proposed to use a combination of RuBisCo large 

subunit (rbcL) & chloroplast-encoded elongation factor Tu (tufA) & Internal 

transcribed spacer (ITS) & 16S rDNA as a universal marker for barcoding of 

phytoplankton (Shanmei et al. 2016).  
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Keeping these limitations in mind I have cross-referenced my morphological finds 

with the findings of Gran-Stadniczenko et al. (2018), which was the first 

metabarcoding study of the protist plankton community of all taxonomic groups and 

through seasons in the Skagerrak. 

Table 6: Species found in my study, but not found with Metabarcoding (Gran-Stadniczenko et al. 2018) 

Dinoflagellates 
18 

Diatoms 8 Choanoflagellates 
18 

Other 14 

Amphidoma languida 
Azadinium sp. 
Azadinium polongum 
Azadinium poporum 
Azadinium spinosum 
Azadinium trinitatum 
Diplopelta sp. 
Diplopsalis lenticula 
Gyrodinium aciculatum 
Gyrodinium lachryma 
Heterocapsa minima 
Heterocapsa rotudata 
Oxytoxum gracile 
Prorocentrum triestinum 
Protodinium simplex 
Protoperidinium granii 
Scrippsiella acuminata  
Woloszynskia reticulata  

Attheya longicornis  
Chaetoceros convolutus 
Cymatosirella sp.  
Dactylisolen sp.  
Fragilariopsis sp.  
Pseudo-nitzschia calliantha  
Pseudo-nitzschia fraudulenta  
Thalassiosira eccentrica 

Acanthocorbis sp.  
Acanthocorbis campanula 
Bicosta spinifera 
Calliacantha 
Calliacantha simplex 
Cosmoeca sp. 
Cosmoeca ventricosa 
Diaphanoeca sphaerica 
Monosiga sp.  
Parvicorbicula sp.  
Parvicorbicula circularis 
Parvicobicula socialis 
Platypleura sp.  
Platypleura infundibuliformis 
Saroeca attenuata 
Stephanoeca sp.  
Stephanoeca apheles 
Stephanoeca elegans 

 

Meringosphaera sp. 
Petasaria heterolepis 
Chroomonas sp.  
Rhodomonas salina 
Triparma laevis 
Pterosperma sp.  
Cryptochilum sp. 
Lohmanniella oviformis 
Mesodinium rubrum 
Amoeba sp.  
Thaumatomastix sp.  
Thaumatomastix salina  
Heterophrys myriapoda  
Choanocystis sp. 

 

Of the 103 species identified in this study, only fourty.five of them were also 

identified in the metabarcoding study. Fifty-eight species, or 59.7 %, were not 

identified using DNA. This is to a high degree explained by the metabarcoding only 

being matched with sequences from the Internal Transcriber Spacer 2 Ribosomal 

DNA Database (Gran-Stadniczenko et al. 2018), which is sequenced from 

cultures(Kretschmann et al. 2015). Most of the taxa in Table 6 are obligate 

heterotrophs, and heterotrophic species are generally harder to culture as they 

cannot form cellular carbon from carbon dioxide by photosynthesis, but instead, 

they require specific conditions, often unknown, in order to reproduce. (Anderson, 

2005)(Perez-Garcia et al. 2011). Another probable explanation is that closely related 

species are hard to distinguish between with DNA sequences and barcoding 

(Shanmei et al. 2016). 
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Norwegian Biodiversity Information Centre (NBIC/Artsdatabanken) 

“The goal of NBIC is to serve as a national source of information on species and 

ecosystems in Norway and to make up-to-date information on biodiversity widely 

available and easily accessible to the society” (https://www.biodiversity.no).  I 

compared all taxa in this study to the registered taxa in the Species Map Service, 

which is a service under the NBIC (https://artskart.artsdatabanken.no).  

 

Figure 28: Only species registered within this polygon were part of the comparison against the findings in this 

study. 

 

From table 7, it is clear that thirty-nine species, or 40.2 %, found in this study using 

electron microscopy were not yet registered in NBIC’s database.  

https://www.biodiversity.no/
https://artskart.artsdatabanken.no/
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Table 7: Species found in this study, but not found in NBCI’s database. 

Dinoflagellates 7 Diatoms 4 Choanoflagellates 18 Other 10 
Amphidoma languida 
Azadinium polongum 
Azadinium poporum 
Azadinium trinitatum 
Diplopsalis lenticula 
Gyrodinium aciculatum 
Woloszynskia reticulata 

 

Cyclotella choctawhatcheeana  
Cymatosirella sp.  
Thalassiosira angulata  
Thalassiosira eccentrica  

 

Acanthocorbis sp.  
Acanthocorbis campanula 
Bicosta spinifera 
Calliacantha 
Calliacantha simplex 
Cosmoeca sp. 
Cosmoeca ventricosa 
Diaphanoeca sphaerica 
Monosiga sp.  
Parvicorbicula sp.  
Parvicorbicula circularis 
Parvicobicula socialis 
Platypleura sp.  
Platypleura infundibuliformis 
Saroeca attenuata 
Stephanoeca sp.  
Stephanoeca apheles 
Stephanoeca elegans 

Meringosphaera sp. 
Pterosperma sp.

*
 

Petasaria heterolepis 
Chroomonas sp.  
Triparma cf. laevis  
Mamiella sp.  
Cryptochilum sp.  
Amoeba sp.  
Heterophrys myriapoda  
Choanocystis sp. 

* There are many Pterosperma spp. Registered in Oslofjorden, but not this specific 
Pterosperma sp. See “A selection of taxa” – Pterosperma sp.  

The fact that they are yet to be registered in Oslofjorden does not necessarily mean 

that they are unknown or not observed in Oslofjorden. There may be studies waiting 

to be published, or studies which focused on other groups of taxa. Several of these 

species are also known from the Norwegian coast, for example, Azadinium spp. along 

the Norwegian coast and in Oslofjorden were generally not well known (Tillmann et 

al. 2014). Until Tillmann et al. (2018) conducted a more extensive study on Azadinium 

along the Norwegian coast and found Azadiniun spinosum, A. poporum, A. trinitatum, 

A. polongum, Amphidoma languida and more. The same could be the case for several 

of the other species not yet registered in Oslofjorden. 

DNA sequence databases 



52 

 

All the protists in this study (Table 3) were also cross-referenced with four sequence 

databases; BOLDSYSTEMS (http://boldsystems.org), Internal Transcriber Spacer 2 

Ribosomal DNA Database (Kretschmann et al. 2015), Protist Ribosomal Reference 

Database (Guillou et al. 2013) and NCBI Nucleotide database 

(https://www.ncbi.nlm.nih.gov/nuccore). The latter is in itself a collection of several 

databases, including GenBank, RefSeq, TPA and PDB.  

There were 21 species with no matches in either database (Table 8) 

Table 8: The species not found in either of the DNA sequence databases, divided into four categories: 

dinoflagellates, diatoms, choanoflagellates and other. Species marked * were identified in NBIC’s database. 

Dinoflagellates 5 Diatoms 1 Choanoflagellates 9 Other 6 
Gyrodinium aciculatum 
*Gyrodinium lachryma 
*Oxytoxum gracile 
*Protoperidinium granii 
Woloszynskia reticulata 

 

Cymatosirella sp. 
 

 

Acanthocorbis campanula 
Bicosta spinifera 
Calliacantha simplex 
Cosmoeca sp. 
Parvicorbicula circularis 
Parvicorbicula socialis 
Platypleura infundibuliformis 
Saroeca attenuate 
Stephanoeca elegans 

Meringosphaera sp. 
Petasaria heterolepis 
Pterosperma sp. 
Cryptochilum sp. 
*Lohmanniella oviformis 
Heterophrys myriapoda 

 

That is, 21.6 % of the species in this study were not found in either of the nucleotide 

databases, which may imply that they are not sequenced yet. Of all the studies done 

with metabarcoding in Oslofjorden, these would not be identified, which could 

explain why most of them are not registered in Oslofjorden as of yet. Only the 

species marked with a red star were registered in NBIC’s database: Gyrodinium 

lachrymal, Oxytoxum gracile, Protoperidinium granii, Lohmanniella oviformis.  

  

http://boldsystems.org/
https://www.ncbi.nlm.nih.gov/nuccore
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Conclusion 

The abundance data (table 9) shows that the blooms at Bastøy are as expected, and 

similar to the previously documented blooms in Oslofjorden. It seems that the 

quantity of species is not related to the number of individuals, which could be 

explained by the competitive exclusion principle; fewer plankton could give more 

space and nutrition for the otherwise not as competitively strong species. There 

were several species not earlier registered in Oslofjorden among the nanoplankton, 

such as Amphidoma languida, Azadinium spp., 18 taxa of choanoflagellates and 

Pterosperma sp. (Table 7).  

Several of the identified species are known as toxic species. The finding of those 

species should be monitored as they can have impacts on coastal animals or humans 

as shellfish poisoning.   

The best results possible cannot be reached with either barcoding alone or 

microscopy alone, but with a combination of the two. To support the findings in this 

study, the DNA collected on the cruises from the same water should be sequenced. 

The DNA sequencing of the samples from this study could substantiate the findings 

in the scanning electron microscope.  
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6 Appendix 
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fGRvY3VtZW50cy9oYzQvaGY0Lzg4NDk4NzcxMDY3MTgucGRmfGUzYzczNTdiYjU

1Zjg3ZWFkMDU3NGQ5ODFhZmU4NDY3YzdkZGIwYjZhMzg5Njg4NDM0ZjBhYjg4
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https://www.sartorius.com/shop/medias/-usermanual-en-Manual-Vivaflow50-200-SLU6097-e.pdf?context=bWFzdGVyfGRvY3VtZW50c3w3MzE0MjJ8YXBwbGljYXRpb24vcGRmfGRvY3VtZW50cy9oYzQvaGY0Lzg4NDk4NzcxMDY3MTgucGRmfGUzYzczNTdiYjU1Zjg3ZWFkMDU3NGQ5ODFhZmU4NDY3YzdkZGIwYjZhMzg5Njg4NDM0ZjBhYjg4MTdmZDhmMGM&attachment=true
https://www.sartorius.com/shop/medias/-usermanual-en-Manual-Vivaflow50-200-SLU6097-e.pdf?context=bWFzdGVyfGRvY3VtZW50c3w3MzE0MjJ8YXBwbGljYXRpb24vcGRmfGRvY3VtZW50cy9oYzQvaGY0Lzg4NDk4NzcxMDY3MTgucGRmfGUzYzczNTdiYjU1Zjg3ZWFkMDU3NGQ5ODFhZmU4NDY3YzdkZGIwYjZhMzg5Njg4NDM0ZjBhYjg4MTdmZDhmMGM&attachment=true
https://www.sartorius.com/shop/medias/-usermanual-en-Manual-Vivaflow50-200-SLU6097-e.pdf?context=bWFzdGVyfGRvY3VtZW50c3w3MzE0MjJ8YXBwbGljYXRpb24vcGRmfGRvY3VtZW50cy9oYzQvaGY0Lzg4NDk4NzcxMDY3MTgucGRmfGUzYzczNTdiYjU1Zjg3ZWFkMDU3NGQ5ODFhZmU4NDY3YzdkZGIwYjZhMzg5Njg4NDM0ZjBhYjg4MTdmZDhmMGM&attachment=true
https://assist.asta.edu.au/sites/assist.asta.edu.au/files/SOP%20Diluting%20concentrated%20hydrochloric%20acid%20ver%202.0.pdf
https://assist.asta.edu.au/sites/assist.asta.edu.au/files/SOP%20Diluting%20concentrated%20hydrochloric%20acid%20ver%202.0.pdf
https://www.sigmaaldrich.com/content/dam/sigma-aldrich/docs/Sigma/Bulletin/1/p8920bul.pdf
https://www.sigmaaldrich.com/content/dam/sigma-aldrich/docs/Sigma/Bulletin/1/p8920bul.pdf
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Appendix 2 – SEM micrographs 

January 

 
Amphidoma languida                           Pentapharsodinium dalei                      Gymnodinoid 

 
Tripos lineatum                                        Centric diatom                                     Leptocylindrus sp. 

 
Cylindrotheca closterium                      Chrysochromulina sp.                        Cosmoeca sp. 

Parvicorbicula sp.                                       Stephanoeca elegans                     Pseudo-nitzschia cf. calliantha

          
Pseudo-nitzschia cf. calliantha           Thaumatomastix salina                Thaumatomastix salina 
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February 

 
Dinophysis acuminata                          Amphidinium cf. sphenoides         Gyrodinium cf. lachryma

 
 Gymnodinoid                                       Pennate diatom                                  Pennate diatom                    

 
Thalassiosira sp.                                   Pseudo-nitzschia cf. calliantha        Ciliate 

 
Bicosta spinifera                                       Acanthocorbis unguiculata             Thaumatomastix salina

 
Amoeba sp.                                                Leucocryptos marina                        Eutreptiella sp. 
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 Pyramimonas sp.                                    Mesodinium rubrum                         cf. Tontonia sp. 
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 March 

 
Protoperidinium bipes                           Woloszynskia reticulata                  Woloszynskia reticulata

 
 Gymnodinoid                                          Thalassiosira sp.                                cf. Cylindrotheca closterium

 
Attheya longicornis                                Triparma laevis                                  Acanthocorbis sp.

 
Cosmoeca ventricosa                            Parvicobicula socialis                         Diaphanoeca sphaerica 

 
Calliacantha simplex                             Saroeca attenuata                               Leucocryptos marina
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Unknown flagellate                             cf. Rhodomonas salina                              
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April 
 

 
Dinophysis norvegica                            Dinophysis norvegica                        Pentapharsodinium dalei 

 
Protoperidinium pellucidum               Protoperidinium pellucidum            Heterocapsa triquetra 

 
Pseudo-nitzschia cf. calliantha          Rhizolenia sp.                                       cf. Chroomonas sp 

 
cf. Mamiella sp.                                           Ciliate                                                      Ciliate 

 
cf. Phaeocystis sp.                                cf. Phaeocystis sp.                               cf. Phaeocystis sp. 
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May 

 
Pentapharsodinium dalei                   Pennate diatom                                    Pennate diatom 

 
Thalassionema nitzschioides             Cosmoeca ventricosa                         Cosmoeca ventricosa 

 
Cosmoeca ventricosa                           Stephanoeca sp.                                   Monosiga sp. 

 
Heterophrys myriapoda                    Thaumatomastix cf. salina               Thaumatomastix cf. salina 

 
Pterosperma sp.                                     Pterosperma sp.                                  Ebria tripartita 
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Ebria tripartita                                       Ebria tripartita                                      Ebria tripartita   



74 

 

June 

 
Scrippsiella sp.                                       Dinophysis norvegica                         Scrippsiella acuminata 

 
Diplopelta sp.                                          Diplopelta sp.                                       Scrippsiella sp. 

 
Gymnodinoid                                          Gymnodinoid                                      cf. Dactyliosolen fragilissimus 

 
Pseudo-nitzschia cf. calliantha         Skeletonema marinoi                         Cylindrotheca closterium 

 
Chaetoseros sp.                                      Cyclotella sp.                                       Stephanoeca sp.  
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Cosmoeca ventricosa                              Choanocystis sp.                               Ebria tripartita 
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July 

 
Amphidoma languida                         Amphidoma languida                      Prorocentrum cordatum 

 
Prorocentrum cordatum

 
                    Dinophysis acuminata                     Diplopsalis lenticula 

 
Pentapharsodinium dalei                 Scrippsiella sp.                                                         Scrippsiella sp. 

 
Heterocaps rotundata                           Heterocapsa rotundata                     Heterocapsa rotundata 

 
Heterocapsa rotundata                        Heterocapsa minima                          Scrippsiella sp. 
 



77 

 

       
Scrippsiella sp.                                      Heterocapsa rotundata           Heterocapsa rotundata & Platypleura sp. 

 
Woloszynskia reticulata.                     Protodinium simplex                       Naked dinoflagellate 

 
Gymnodinoid                                       Cyclotella choctawhatcheeana        Licmophora sp. 

 
Cyclotella sp.                                           Chaetoceros throndsenii                  cf. Cocconeis sp. 

 
Paulinella ovalis                                      Paulinella ovalis 
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August 

 
Amphidoma languida                        Prorocentrum cordatum         Prorocentrum cordatum var. trinagulatum 

 
Protoceratium reticulatum                Heterocapsa minima                         Heterocapsa rotundata 

 
Heterocapsa sp.                                     Heterocapsa sp.                                   Heterocapsa sp. 

 
Heterocapsa rotundata                       Heterocapsa rotundata                     Heterocapsa minima 

 
Heterocapsa sp.                                      Heterocapsa sp.                                    Heterocapsa minima 
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Heterocapsa sp.                                      Heterocapsa minima                          Heterocapsa triquetra 
 

 
Heterocapsa sp.                                      Heterocapsa sp.                                    Heterocapsa sp.                                       

 
Heterocapsa sp.                                      Gymnodinoid                                    Cyclotella choctawhatcheeana         

 
Cymatosirella sp.                                   Pseudo-nitzschia sp.                          Parvicorbicula circularis 

 
Acanthocorbis campanula                  Meringosphaera sp.                         Meringosphaera sp. 

 
Meringosphaera sp.                            Unknown                                               Paulinella ovalis 
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aff. Ebria sp.                                              Unknown                                               Unknown 
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September 

 
Prorocentrum cordatum                     Amphidoma languida                         Prorocentrum triestinum 

 
Azadinium sp.                                        Oxytoxum gracile                                Unknown 

 
Scrippsiella sp.                                        Naked dinoflagellate                                     Asterionella glacialis 

 
Lichmophora sp.                                    Chaetoseros sp.                                    cf. Dactyliosolen sp. 

 
Cyclotella choctawhatcheeana        Stephanoeca cf. apheles                    Meringosphaera sp. 

 
Petasaria heterolepis                            Phaeocystis sp.                                    Ciliate 



82 

 

 

October 

 
Phalacroma rotundatum                           Prorocentrum cordatum                   Azadinium polongum             

 
Heterocapsa triquetra                          Skeletonema marinoi                        Thalassiosira cf. angulata 

 
cf. Guinardia striata                                 Dactyliosolen sp.                               cf. Guinardia striata                                  

 
Pseudo-nitzschia fraudulenta            Stephanoeca sp.                    Skeletonema sp. & Cylindrotheca closterium           

 
Cosmoeca ventricosa                           Dictyocha speculum                            Petasaria heterolepis                             
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Chaetoceros sp.                                      Ciliate                                                      Meringosphaera sp. 
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November 

 
Azadinium spinosum                           Prorocentrum cordatum                   Azadinium spinosum 

 
Azadinium spinosum                             Azadinium polongum                        Azadinium trinitatum 

 
Azadinium sp.                                         cf. Alexandrium minutum                 Azadinium trinitatum 

 
Azadinium poporum                              Azadinium sp.                                       Azadinium sp. 

 
Azadinium spinosum                              Scrippsiella sp.                                     Protodinium simplex 
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Cylindrotheca closterium                     Thalassiosira cf. eccentrica             Caratulina pelagica 

 
Pseudo-nitzschia sp.                              Cylindrotheca closterium                 Diatom 

 
Platypleura infundibuliformis            Cosmoeca ventricosa                       Platypleura infundibuliformis 

 
Paulinella ovalis                                    Leucocryptos marina 
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December 

 
Dinophysis sp.                                      Dinophysis acuminata                      Scrippsiella sp. 

 
Prorocentrum micans                           Scrippsiella sp.                                      Scrippsiella sp. 

 
Azadinium sp.                                           Azadinium sp.                                     Heterocapsa sp. 

 
Heterocapsa sp.                                       Scrippsiella sp.                                   Heterocapsa triquetra         

 
Heterocapsa triquetra                         Scrippsiella sp.                                      Protoperidinium brevipes 
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Gyrodinium aciculatum                       Diatom                                                   Pseudo-nitzschia pungens 
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Appendix 3 – Light microscope cell counts 
 

Table 9: Algae counts. Cells per litre measured with an inverted light microscope. 

 Jan Feb Mars Apr Mai Juni Juli Aug Sep Okt Nov Des 

Cryptophyceae              

 Cryptomonas sp.2   80 . . . . . . . . . . . 

 Cryptomonas sp.4 .   120 . . . . . . . . . . 

 cf. Plagioselmis spp. .  4807 . . . . . . . . . . 

 Teleaulax acuta .  27200 . . . . . . . . . . 

 Unknown Cryptophyceae 
5-10 µm 

. . . .  72100  124973  19227 . .  1602  12818  12017 

 Unknown Cryptophyceae 
10-15 µm 

  680 .  16022 32044  10414  29040 .  41658 1240 .  25635  12818 

 Unknown Cryptophyceae 
>15 µm 

. .  1602   40   960  13840   440 . . . . . 

  Sum :    760  32127  17624  32084  83474 167853  19667  41658  1240  1602  38453  24834 

              

Dinophyceae              

 Prorocentrum cordatum . . . . .   200   440   520  7600 . .   40 

 Akashiwo sanguinea   40 . . . . . . . . . .   400 

 Alexandrium spp. . . . . . . . . . . .   80 

 cf. Alexandrium spp. .   40 . . . . . . . . . . 

 Amphidinium longum . . . . .   280 . .   360 . .   80 

 Amphidinium sphenoides   40 . . . . . . . . . . . 

 Amphidinium spp. . . . . . . . . . .   880 . 

 Azadinium spp.   200  1280 .   520 . .   360  4006   120   40 .   400 

 Cochlodinium spp.   40 . . . . . . . . . . . 

 Dinophysis acuminata . . . . .   80 . . . .   40   560 

 Dinophysis norvegica   40   480   240   880   80   840   280 . . . .   40 

 Dinophysis tripos   40 . . . . . . . . . . . 

 Gyrodinium fusiforme . . . . . . . . .   200 . . 

 Gyrodinium spirale . .   40 . . . . . . . . . 

 Gyrodinium/Gymnodinium 
<20 µm 

. . . . .  24160 . . . . . . 

 Gyrodinium/Gymnodinium 
20-40 µm 

  120 . . . . .   40   840  1480   680  1360 . 

 Gyrodinium/Gymnodinium 
>80 µm 

. . . . . . . . . .   80 . 

 cf. Heterocapsa niei . . . . . . . . . .  9613 . 

 Heterocapsa rotundata   40 . . .  18425 .  22431  88122   120 . .  2804 

 Heterocapsa triquetra .   360 .   80 . . . . . . .   160 

 cf. Karenia mikimotoi . . . . . . . . . .   360   120 

 Katodinium glaucum . . . .   80 . . . .   200 . . 

 Lessardia elongata . . . . .   360 . . . . . . 

 Oblea spp. . . . . . . . . . .   80 . 

 Oxytoxum gracile . . . . . . .   480  3120   120 .   40 

 Oxytoxum spp. . . .   40 . . . . .   120 . . 

 Phalacroma rotundatum . . . . . .   80 .   40 . .   80 

 Polykrikos kofoidii . . . . . . . . . .   40 . 

 Prorocentrum compressum . . . . . . . . . .   120   80 

 Prorocentrum micans . . . . . . .   240   280 . .   400 

 Prorocentrum triestinum . . . . .   40 . .   520 . . . 

 Protoperidinium bipes   40   80   40 . .  5120 . .   160   80 .   40 

 Protoperidinium brevipes . . . . . .   80 . . . .   120 

 Protoperidinium 
depressum 

  40 . . . . .   40 . . . .   40 

 Protoperidinium divergens . . . . . .   40 . . . .   80 

 Protoperidinium leonis   40 . . . . . . . . . . . 

 Protoperidinium pallidum   40   80 . . .   240 . . . . . . 
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 Protoperidinium 
pellucidum 

. .   240 . . . . . . . . . 

 Protoperidinium cf. 
pellucidum 

. . . . . . . . . .   80 . 

 Protoperidinium steinii   80 . .   40 .   40 . .   40   120   40   360 

 Protoperidinium spp. 20-40 
µm 

. . . . . . . . . .   160 . 

 Protoperidinium spp. 40-60 
µm 

. . . . . . . . . .   120 . 

 Scrippsiella trochoidea . . . . .  1400   40 . . . .   600 

 Scrippsiella-gruppen   80 .   120 . .  6160   400   80  1800 .   40 . 

 Torodinium robustum .   40 . . . .   40   40   160   160 . . 

 Tripos furca   40 . . . . . . . . . .   120 

 Tripos fusus   40 . . . .   240   120 . . . . . 

 Tripos horridus   40 . . . .   40 . . . .   80 . 

 Tripos lineatus   40   360 . . . . . . . .   520  7400 

 Tripos longipes . . . .   40 . . . . . . . 

 Tripos macroceros . . . . . .   40 . . .   160   40 

 Tripos muelleri   40   160 .   40 .   560 . . . . .   920 

 Tripos spp. . . . . . . . . . .   40 . 

 Unknown athecate 
Dinoflagellates <20 µm 

 2040  3440  6409   800  1600  1240  2280  3120  11040  1602  22431  6008 

 Unknown athecate 
Dinoflagellates 20-40 µm 

.   120  1602   400 . . . . .  1240   880  5760 

 Unknown athecate 
Dinoflagellates 40-60 µm 

. . . . .   120 . . . .   80 . 

 Unknown thecate 
Dinoflagellates <20 µm 

. . . . . . . .   440 .  22431 . 

 Unknown thecate 
Dinoflagellates 20-40 µm 

  80 . . . .   600 . . . .   960 . 

  Sum :   3200  6440  8691  2800  20225  41720  26711  97447  27280  4562  60595  26772 

              

Coccolithophyceae              

 cf. Chrysochromulina 
pringsheimii 

. . . . . . . . . . .   480 

 Chrysochromulina spp. <5 
µm 

 12818 . . . . . . . . . . . 

 Chrysochromulina spp. 5-
10 µm 

.  40055  3204  13619  30442  70497  9613  41658   720  8011 .  5608 

 cf. Coronosphaera 
mediterranea 

. . . . . . . . . .  6409 . 

 cf. Coronosphaera spp. . . . . . . . . . .  2560 . 

 Emiliania huxleyi  4807 . . . . . . . . .  22431 . 

 cf. Phaeocystis globosa . .  147404 . . . . . . . . . 

 Pleurochrysis carterae . . . . . . . . . . .   200 

 Unknown 
coccolitophorides 

.  9613 . .  3204  16022  36851  8545   480  138591 .  83315 

 Unknown 
prymnesiophyceae 

. . . . . . . . . .  3 204 . 

  Sum :   17624  49669  150608  13619  33646  86519  46464  50203  1200  146602  34604  89603 

              

Chrysophyceae              

 Meringosphaera 
mediterranea 

. . . . . . . . .   40 . . 

 Ollicola vangoorii . . .  12818 . . . . . . . . 

 Unknown chrysophyceae . . .   280 . . . . . . . . 

  Sum :    0   0   0  13098   0   0   0   0   0   40   0   0 

              

Dictyochophyceae  

 
 Apedinella radians . . . . . . . . .  8011 .   120 

 Apedinella spp. .   40 .   960 . . . . . . . . 

 Dictyocha fibula . . . . . . . .   80 .   160   80 
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 Dictyocha speculum   80   200 . . . . . .   40   240  21897   560 

 cf. Dictyocha speculum 
flagellat 

. . . . . . . . . . .   320 

 Pseudopedinella spp. . .  1602 . .  3204 . . . . . . 

  Sum :    80   240  1602   960   0  3204   0   0   120  8251  22057  1080 

              

Bacillariophyceae              

 Asterionellopsis glacialis . . . . . . . . .   480 . . 

 Attheya septentrionalis . .   520 . . . . . . . . . 

 Aulacoseira spp.   200 . . . . . . . . . . . 

 Cerataulina pelagica . . . . . . . .  1480  1520 .  2804 

 Chaetoceros affinis . .  3440 . . . . .   920  3280 . . 

 Chaetoceros brevis . .  18640 . . . . . . . . . 

 Chaetoceros constrictus . . . . . . . . .  4400 . . 

 Chaetoceros contortus . . . . . . . .   120  4880 . . 

 Chaetoceros convolutus . . . . . . . . . . .   440 

 Chaetoceros curvisetus . .  23200 . . . . . .  3000 . . 

 Chaetoceros danicus   40 .   40 . .   680 . . .   200   520   800 

 Chaetoceros debilis . .  9200 . . . . . .  1040  1640 . 

 Chaetoceros decipiens . .  13520 . . . . . . . . . 

 Chaetoceros didymus . .  14400 . . . . . . . . . 

 Chaetoceros lorenzianus . .  8640 . .   280 . . . . . . 

 Chaetoceros 
minimus/throndsenii 

.   880 . . . . . . . . . . 

 Chaetoceros socialis . .  29200 .  2120 . . . .  288398 . . 

 Chaetoceros subtilis . . . . .  28840   320 .  1480   320 . . 

 Chaetoceros tenuissimus   80 . . .  2040  3204 . .   880  55276 .  3204 

 Chaetoceros throndsenii . . . . . 1009394  115359  2403  11040  22431 . . 

 Chaetoceros wighamii . . . .  1120  16022 . .  4240 . .   400 

 Chaetoceros spp. <10 µm . . . . . .   440 .  2840 . . . 

 Chaetoceros spp. 10-20 µm . . . . .  1880 . . . .   480   960 

 cf. Coscinodiscus concinnus . . . . . . . . . . .   40 

 Coscinodiscus spp. 60-100 
µm 

  40 .  1920 . . . . . . . .  1280 

 Coscinodiscus spp. >200 
µm 

. . . . . . . . . .   80 . 

 Cyclotella spp. . . . . .  11040 . . . . . . 

 Cylindrotheca closterium   520   560   200   40   240   480   160   120  4480  5840   720   280 

 Dactyliosolen fragilissimus . . . . .  16880   280 . .  1880 . . 

 Detonula confervacea . .  131381 . . . . . . . . . 

 Ditylum brightwellii   40 . . . . . . . . . . . 

 Guinardia delicatula   40 .   760 . . . . . . .  1240 . 

 Guinardia flaccida . . . . . .   360 . . . . . 

 Gyrosigma spp. . . . . . .   40 . . . . . 

 Gyrosigma/Pleurosigma . . . . . . . . .   160 . . 

 Lauderia annulata . . . . . . . . . . .   560 

 Leptocylindrus danicus   40 . . . .  6480   680 .  1240  7200  10147  2003 

 Leptocylindrus 
mediterraneus 

. . . . . . . . .  2560 . . 

 Leptocylindrus minimus . . . . .   320 . . .   240 . . 

 Licmophora spp. . .   360 .   160   160   40 .   120 . . . 

 Navicula spp. . .  2560 . . . . . .   480 . . 

 Nitzschia spp.   240 . . . . . . . . . . . 

 Paralia sulcata   40 . . . . . . . . . . . 

 Pauliella taeniata . . . . . . . . . .  9613 . 

 Pleurosigma spp. . . . . . . . .   40 . . . 

 Proboscia alata   160 . . . .   800   40 . . . . . 

 Pseudo-nitzschia 
calliantha 

  40 . . . . . . . . . . . 

 Pseudo-nitzschia seriata . . . . . . . . .  4640 . . 

 Pseudo-nitzschia 
delicatissima-gruppen 

 2920  3920  945305   280 . . . .  2640  25200  7920  134185 
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 Pseudo-nitzschia seriata-
gruppen 

. . . . . . . . . .  7000 . 

 Pseudo-nitzschia spp. . . . . . . . . . .  25040 . 

 Pseudosolenia calcar-avis . . . . . . . . .   360 . . 

 Rhizosolenia hebetata f. 
semispina 

. .  10800   160 . . . . . . . . 

 Rhizosolenia pungens . . . . . . . . . . .   240 

 Rhizosolenia styliformis . .   120 . . . . . . . . . 

 Rhizosolenia spp. . . . . . . . . .   80 . . 

 Skeletonema spp.   400  10000 1832931   200  51360  6800   160 .  7200  167431  16320  10640 

 Striatella unipunctata . .   40 . . . . . . . . . 

 Thalassionema 
nitzschioides 

  40   360  10640 .  1640   920 . . . . . . 

 Thalassiosira anguste-
lineata 

. .  16160 . . . . . . . . . 

 Thalassiosira 
nordenskioeldii 

  80   80  11360 . . . . . . .   320 . 

 Thalassiosira rotula . .  1920 . . . . . . .   120 . 

 Thalassiosira spp. 10-20 
µm 

. .  357293 . . . . . . . . . 

 Thalassiosira spp. 20-40 
µm 

. .  14880 . . . . . .  1440   360   440 

 Thalassiosira spp. 40-60 
µm 

. .  3920 . . . . . . . . . 

 Unknown centric diatoms 
5-10 µm 

. . . . . . . . . . . . 

 Unknown centric diatoms 
20-40 µm 

. . . . . . . . . .   720 . 

 Unknown centric diatoms 
40-60 µm 

. . . . . . . .  1720 .   720 . 

 Unknown centric diatoms 
60-80 µm 

. . . . .   40 . . . .   400 . 

 Unknown pennate diatoms 
<20 µm 

.   120 . . . . . . . . . . 

 Unknown pennate diatoms 
20-50 µm 

.   560  2080 .   200   200 . . . . . . 

 Unknown pennate diatoms 
50-100 µm 

. .   120 . .   440 . . . . . . 

 Unknown pennate diatoms 
>150 µm 

. . . . . . . . .   80 . . 

 Unknown pennate diatoms . .  20829 .  21630 . . . . . . . 

  Sum :   4920  16480 3486380   680  80510 1104860  117879  2523  40440  602817  83361  158276 

              

Euglenophyceae              

 Eutreptiella braarudii . . . . .   40 . . . . . . 

 Eutreptiella gymnastica . . .   80 . . . . . . . . 

 Eutreptiella spp. <30 µm .   40 . . . .   80 . . . . . 

 Eutreptiella spp. 30-60 µm . . . . . . . . . .   80 . 

  Sum :    0   40   0   80   0   40   80   0   0   0   80   0 

              

Prasinophyceae              

 Halosphaera spp. .  1602 . . . . . . . . . . 

 Pachysphaera pelagica . . .   160 . . . . . . . . 

 Pterosperma spp. . . . . . . . .   40 . .   40 

 Pyramimonas spp. <5 µm . . .  8011 . . . . . . . . 

 cf. Pyramimonas spp. <5 
µm 

.  11215 . . . . . . . . . . 

 Pyramimonas spp. 5-10 
µm 

  40 . . .  3204  48066  25635  8011   800  1602 .  6409 

 Pyramimonas spp. 10-15 
µm 

. . . . .  3200   40 . .   80 . . 

 Tetraselmis spp. . . . . . . .   40 . . .   920 

 cf. Tetraselmis spp. .  6409 . . . . . . . . . . 
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  Sum :    40  19227   0  8171  3204  51266  25675  8051   840  1682   0  7369 

              

Chlorophyceae              

 Chlamydomonas sp.1 .   160 . . . . . . . . . . 

 Monoraphidium contortum . . . . .  1040 . . . . . . 

 Monoraphidium 
komarkovae 

. . . . . . . .   40 . . . 

 Scenedesmus spp.   40 . . . . . . . . . . . 

  Sum :    40   160   0   0   0  1040   0   0   40   0   0   0 

              

Unclassified             

 Unknown flagellates <5 
µm 

. . .  181851 . . . . . .  28840 . 

 Unknown flagellates 5-10 
µm 

. .  19227 . . . .  37652  2360  10414  22431 . 

 Unknown flagellates 10-15 
µm 

  200 . . .  2480 .   480  2080 . . . . 

 Unknown flagellates 20-30 
µm 

.   560 . . . . . . . .   320 . 

 Unknown monads <5 µm  44862  168232 . . .  326851  341271  135654  3200 . .  39254 

 Unknown monads 5-10 µm . . . .  217100 . . . .  34448 . . 

 Unknown monads 10-15 
µm 

. . . . . . . . . .  2320 . 

 Unknown monads >20 µm . . . . . . . . . .  1 280 . 

  Sum  :   45062 168792  19227 181851 219580  326851  341751  175386  5560  44862  55191  39254 

              

Ebriidea              

 Ebria tripartita .   80 . . .  1280 . . . . . . 

  Sum :    0   80   0   0   0  1280   0   0   0   0   0   0 

              

Kinetoplastidea             

 Leucocryptos marina   120 . . . . . . .   80 . . . 

 Rhizomonas setigera . .  2640 . . . . . . .   80 . 

  Sum :    120   0  2640   0   0   0   0   0   80   0   80   0 

              

Choanoflagellata              

 Bicosta spinifera . . . . . . . . . . .   120 

 Unknown craspedophyceer . .  509503 .  8011 .  25635 . .  3204 . . 

 Unknown 
choanoflagellates 

. . . . . . . . . . .  5 608 

  Sum :    0   0  509503   0  8011   0  25635   0   0  3204   0  5728 

              

Ciliophora             

 Mesodinium rubrum . . .   40 .  1560   40 . . .  9079   800 

  Sum  - Ciliophora :    0   0   0   40   0  1560   40   0   0   0  9079   800 

              

 Sum total :  71846  293254 4196275  253383  448651 1786194  603903  375268  76800  813623  303500  353716 

 

 


