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Abstract 
 
The objective of this thesis was to investigate the diversity of microalgae (including cyanobacteria) 

and protist flagellates and their seasonality in two sandy shore locations of Oslofjorden; Huk in 

Bygdøy Peninsula and Nesset in Bunnefjorden. The samples were collected in the littoral zone 

from August 2014 to June 2015. Huk was sampled nine times and Nesset only seven due to ice 

freezing. Temperature and salinity were also recorded. After transferring the samples to the 

laboratory at the department of Bioscience at the University of Oslo, they were investigated by 

means of light and scanning electron microscopy. 

 

In total, 71 different taxa were recorded in these two locations, 63 in Nesset and 44 at Huk, 

showing higher species richness in Nesset compared to Huk. The main protist groups recorded 

were dinoflagellates, haptophytes, cryptomonads, chlorophytes, euglenoids, heterokonts, diatoms, 

cercozoans, apusozoans and choanoflagellates. In addition a large number of cyanobacteria were 

detected, especially at Nesset.   

 

The samples from Nesset generally contained both a higher abundance of organisms and species 

number. Environmental conditions such as differences in sediment grain size, wave exposure and 

salinity may explain the differences in species richness. 

 

A new statistical method was used to test the significance of the difference in species richness 

between Huk and Nesset. This test estimated that the average probability of detecting species is 

larger than 50%. In this range, the performed probabilistic assessment showed that the difference in 

species richness between Huk and Nesset to be significant.    
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Supply of oxygen into the sediment is one of the main factors which heavily influences the 

biological communities. Low oxygen communities have a totally different species composition 

(Little 2000). The soil porosity and permeability is directly dependent on the particle size. 

Porosity has an important role regarding the biota type while the permeability is of great 

significance for the organism diversity in sand (Larsen 1985). Compared to the clay and muddy 

soils, sand has higher porosity and permeability, resulting in higher drainage, suspension and 

oxygen level (Patterson et al. 1989 & 1993). On the other hand, due to very limited water 

movement, the clay shores are nutrient rich compared to sandy shores.  

The shore may be divided into three zones as illustrated in Figure  1-2.  McLachlan and Jaramillo 

(1995) reviewed different criteria for the zonation. Among all available criteria, they put more 

weight of evidence for supporting three zones criterion. According to McLachlan and Brown 

(2006), these three zones are: 

 Supralittoral zone: A top zone above the drift line. The main animal taxa for this zone 

are: talitrid amphidos, oniscid isopods and ocypodid crabs (see Figure  1-2). 

  Littoral zone: This zone is below the supralittoral (middle zone of Dahls’ theory, 1952 

and Salvat 1964). It is a semi-saturated zone where the water line could be observed due 

to tide in this zone and the water movements are dampening the sand. Cirolanid ispodod, 

other ispodos such as Euzonus, haustoriid, amphipdos and sponoid polychaetes are 

examples of animal in this zone (see Figure  1-2). 

 Sublittoral zone: The sublittoral zone is located below the semi-saturated littoral zone. 

The saturation percentage is 100%. Hippid crabs, mysids, donaci bivalves, nyphtyid and 

glyceride polychaetes, oedicerotid and haustoriid amphipdos are examples of animal in 

this zone (see Figure  1-2). 

 

Figure  1-2 The three zones of  McLachlan and Brown (2006) 
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Under conditions with calm water (sheltered area), the benthic microflora and fauna is usually 

abundant (McLachlan and Brown 2006; Defo and McLachlan 2005), whereas on the exposed 

beaches, surf-zone diatoms may be far more important. In this study, the focus was on the 

species collected from the aerated top sediment layers of the littoral zone. 

While some work has been conducted, (e.g. Kaas et al. 1985; Larsen 1987; Vørs 1992; Grimsrud 

2001 and Zubizarreta 2005), the number of studies that have been carried out in this field is far 

behind that for rocky shores and other coastal communities. This dearth is especially seen in the 

Scandinavian region, and this was the motivation behind the present study. 
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The collected sand from both locations was transferred to Petri dishes which were covered by 

the lens papers. The cover slips were then put on the lens papers as shown in Figure  3-6. After 

closing the petri dish lid, samples were stored in culture rooms at temperatures close to ambient 

temperature. The light intensity was ca 80-100 µmol photons m-2 sec-1. 

 

Figure  3-6 Cover slips on the lens paper 

 

The cover slips with the attached organisms were put on the LM slide. Then the observation 

process was started. Before taking pictures, the focus of the LM was adjusted to get clear 

pictures of the species. 

The identification of species and taxa were based on direct identification in the LM and the 

pictures taken. The Identification was mostly based on the Herdman (1920, 1922, 1923 and 

1924), Parke (1949), Hulburt (1957, 1969), Campell (1973), Dodge (1982), Kaas et al. (1985), 

Larsen and Patterson (1990), Ekebom et al. (1995), Hasle and Syvertsen (1996), Throndsen 

(1993, 1997), Throndsen and Eikrem (2010), Hoppenrath et.al (2014) and Algaebase website 

(http://www.algaebase.org), also other works if needed.   

To cover the uncertainty and to reduce human errors, the procedure of taking pictures and 

identification were repeated a few times with several cover slips from each sample.  

 

3.3.2 Scanning Electron Microscopy (SEM) 
 

To study the cell  shape, appendages, outer structures of the species and the morphology of 

microorganisms in details, the Scanning Electron Microscope (SEM), JEOL JSM 6400(JEOL 

Ltd., Japan) at the Biology laboratory, University of Oslo was used as shown in Figure  3-7. 
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Figure  3-7 Scanning Electron Microscope  

 

In order to produce enough material for SEM the same procedure as for the petri dishes were 

carried out but in larger containers and microscopy slides were put on top of the lens paper. 

After 2-4 days the organisms were scraped off and into eppendorph tubes. An equivalent volume 

of glutaraldehyde (OCHC3H6HCO) and sample was prepared to a final concentration of 2 % 

was used to fix the specimens. A drop of this mixture was placed on a special SEM cover slip 

coated with poly-L-lysin where the organisms were allowed to sink and attach to the coverslip 

for a few hours. Then the cover slips were moved into SEM holders and dehydrated in an 

ethanol series starting at 30 %, followed by 50 %, 70 %, 90 % and 96 %. The procedure was 

concluded with four rinses in 100 %. All rinses lasted for 10 min.  

At the end, the mixture was transferred to a Critical Point Drier (Figure  3-8) in order to dry the 

sample using CO2 and Ethanol 100 %.  The dried samples were mounted on stubs and coated 

with Platinum in a Sputter Coater (CRESSINGTON-308 UHR, England).  Then samples were 

ready to be examined in the SEM. 
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    = Probability that an observed species was detected on only the first site (or only at the first of 

the two times) 

    = Probability that an observed species was detected on only the second site (or only at the 

second of the two times). 

2

21 (1 ) 2II

p p
p

p p
  

                      (3) 

     = Probability that an observed species was detected on both sites (or at both of the two times).

  

2pI is the probability that a species is only seen at one of the sites (at one of the times) and 2pI 

+pII = 1. Thus, given an observed species number of n = sobs = s10 + s02 + s12, the number of 

species detected on only one of the sites (or only at one of the two times) has the conditional 

probability:  

10 02( | ) (2 )k n k
obs I II

n
P s s k s n p p

k
 

     
                                                         (4) 

Our purpose is to establish a test of the null hypothesis that the two sites (at the same time) 

contain the same species. If there are many species which are observed at only one of the sites 

(or at only one of the times) there are reasons to believe that the species composition at the two 

sites (times) are different. Define kcrit as the smallest integer such that: 

10 02( k | ) 0.05crit obsP s s s n           (5) 

We may therefore reject the null hypothesis at the 5% significance level and accept the 

alternative that the assemblages at the two sites (times) contain different species if the number of 

species detected on only one of the sites (one of the times) is greater or equal than kcrit. 

Unfortunately it is extremely difficult to estimate the average probability of detecting a species 

(p) when there is no information about the species that was not observed in the investigation. 

We shall therefore find the minimum value of the parameter p which induces rejection of the 

null hypothesis. It is then necessary to calculate the critical value kcrit for several alternatives of 

reasonable values for the parameter p. In order to have an estimate the average probability of 

species detection it was necessary to use additional data which may provide information on the 

value of the unknown parameter p. A useful data set would be a previous investigation on the 
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same site in order to measure the recurrence of the species.  In this study we used data from 

Zubizarreta (2005) work. We then used an analogous model with the same parameters: 

s10 = Number of species detected in only the first investigation (our work). 

s02 = Number of species detected in only the second investigation (Zubizarreta work). 

s12 = Number of species detected in both investigations. 

s00 = Number of species detected in none of the investigations. 

sobs = s10 + s02 + s12. = Number of observed species in both investigations 

Since we have no information on the number of species which has not been observed (i.e. s00), 

we must restrict the analysis to the conditional probability:  

P {s10, s02| sobs = s10 + s02 + s12} = observed composition given the total number of observed 

species. Since the probability of not observing a given species is (1-p)2 the likelihood function 

is

10 02 10 02 10 02 10 02

2

2 2 2

(1 ) (1 ) p (1 )
[ ] [ ] [ ] [ ] [ ]
1 (1 ) 1 (1 ) 1 (1 ) 2 2

obs obss s s s s s s s s sp p p p p p
L

p p p p p
      

 
             (6) 

So the log-likelihood function is 

10 02 10 02( ) ( ) ln(1 ) ( ) ln ln(2 )obs obsl p s s p s s s p s p        .                                        (7) 

and the maximum likelihood estimator of p is therefore the solution of the equation 

10 02 10 02( )
0

1 2
obs Obss s s s s sdl p

dp p p p

  
    

             (8) 

12

12

2
ˆ

obs

s
p

s s


                 

In order to derive a confidence interval for this estimator we notice that the conditional sum of 

species observed at only one of the investigations has a binomial distribution: 

10 02 10 02 10 02 10 02

2

2 2
10 02 10 02

2 (1 )
[ ] [ ] (1 )
1 (1 ) 1 (1 )

obs obsobs obss s s s s s s s s ss sp p p
P P

s s s sp p
        

                (9) 

2(1 )

2

p
P

p




            
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From elementary probability theory it is known that the estimate and variance of the binomial 

probability P are given as: 

10 02
ˆ ˆ(1 )ˆ ˆ& ( )

obs obs

s s P P
P sd P

s s

 
 

 

so the 95% confidence interval for P is : 

ˆ ˆ ˆ ˆ ˆ ˆ2 ( ) & 2 ( )low highP P sd P P P sd P   
 

From the expression for P we get the estimator for the average detection probability:  

ˆ ˆ2 2
ˆ 1

ˆ ˆ2 2

P P
p

P P


  

   

The lower and upper 95% confidence limits for the average detection probably are finally 

obtained from the equations: 

ˆ ˆ
ˆ ˆ1 & 1

ˆ ˆ2 2
high low

low high

high low

P P
p p

P P
   

 
 

This range of p was determined in the statistical assessments described above and used for the 

quantitative comparison between Huk and Nesset species diversity. Details are presented in 

Appendix B. 
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4 RESULTS 

Field sampling was started in August 2014 and ended in June 2015 as listed in Table  4-1.  

Table  4-1 Collected samples months 

Month Month order 

August 2014 1 

September 2014 2 

October 2014 3 

November 2014 4 

December 2014 5 

Feb. 2015 6 

March 2015 7 

April 2015 8 

June 2015 9 

 

The species (taxa) encountered are presented below followed by a description of the species: 

 

 

 

 

 

 



 
 

  22 
  

 

 



 
 

  23 
  

 

 

  

 



 
 

 
 

 
 
 
 
 

 R4.1
 

The spec
following

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Results f

cies (taxon) 
g section. 

from lig

identificati

ht micro

ons and com

 24 

oscopy 

mments reg

 

garding the observationn are presen

 

nted in the 

 



 
 

  25 
  

Dinoflagellates 
 

Class Dinophyceae Fritsch 1929 

Order Gymnodiniales Lemmermann 1910 

Genus Gymnodinium Stein 1883 

 

Gymnodinium variabile Herdman 1924  

Figures are located in: Plate  4-1_ a and Figure  4-1_a 

Description: Oval to more rounded cells with a dome shaped apex and dorsoventrally flattened. 

A nucleus was observed in the cell center. The epicone and hypocone were of similar sizes, the 

epicone a little bigger. The cingulum was seen slightly below the cell center. This species had a 

yellow-brown chloroplast.  

Size: 20-30m long, 12-20m wide 

Observation: It was observed at Nesset in months 1 and 9 in low abundances. This species was 

not observed in Huk. 

Comments: The species swimming mode was mainly rotational, anticlockwise and on a circle 

path. This observation is consistent with description of Daugbjerg et al. (2000). Due to having a 

high movement speed, identification of this species was challenging.  

 

Genus Amphidinium Claparede and Lachmann 1859 

 

Amphidinium herdmanii Kofoid and Swezy 1921 

Figures are located in: Plate  4-1_ b and Figure  4-1_b, Figure 4-14_a (SEM) 

Description: Oval or quadrat-angle cells with a large triangle epicone, approximately 9m. The 

epicone was much smaller than the hypocone. This species was asymmetrical around the cell 

axis and being deflected towards the left. A Y-shape furrow was observed on the ventral side as 

also reported by Hoppenrath (2014).  The chloroplast was yellow-brown.   

Size: 25-35m long, 16-20m wide 

Observation: It was observed at Nesset in months 1, 2 and 9 in low abundances. At Huk it was 

observed in months 1 and 8 in low abundances. 
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Comments: Due to having very slow movement, identification of this species was not very 

difficult, except that this species might be confused with Amphidinium operculatum. Our 

observation was in a good agreement with the species definition by Kofoid and Swezy (1921). 

  

Amphidinium incoloratum P.H Campell 1973 

Figures are located in: Plate  4-1_ c and Figure  4-1_c 

Description: Symmetrical oval to ovoid shape. The cell was slightly straight at the left side 

while tended to be convex at the right side. Sulcus was observed at the cell center, deflected a 

bit to the left side. No chloroplast was visible.  

Size: 22-32m long, 18-20m wide 

Observation: It was observed at Nesset in months 2, 8 and 9 in low abundances. This species 

was not observed in Huk. 

Comments: The observed features of this species were more or less similar to the one described 

by Campell (1973). This species was easily identified due to its specific non-symmetrical shape 

and absence chloroplast.  

 

Amphidinium pellucidum Kofoid and Swezy 1921 

Figures are located in: Plate  4-1_ d and Figure  4-1_d 

Description: Oval shape, with a semi-circular hypocone and domed shaped epicone. Hypocone 

was approximately three times larger than the epicone. The sulcus was narrow and originated 

from the epicone. Nucleus was observed above the hypocone, about to 1/3 of the cell length 

from the apex. The species had an orange-brown chloroplast.  

Size: 28-35m long, 22-28m wide 

Observation: It was observed at Nesset in months 1, 2 and 9 in low abundances. At Huk, this 

species was only observed in month 9 in low abundance. 

Comments: The observed species characteristics and structure were very similar, Gymnodinium 

myriopyrenoides, except that our observed species was substantially smaller in size compared to 

Gymnodinium myriopyrenoides. 
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Amphidinium ovum E.C Herdman 1924 

Figures are located in: Plate  4-1_ e and Figure  4-1_e 

Description: Oval shape. Epicone was smaller than hypocone, also deflected slightly to the left. 

The cell was asymmetrical. Sulcus spread from the left edge to the right side and 

crossed/approached to the antapex. A brown-green chloroplast was also observed.   

Size: 22-33m long, 18-20m wide 

Observation: It was observed at Huk in month 1 in medium abundance. This species was not 

observed in Nesset. 

Comments: The epicone deflection to the left side and was very obvious, which also had been 

commented by Herdman (1924). In his species description, nucleus was reported in the lower 

part of the cell. Due to its rapid movement it was not possible to find the position of nucleus.   

 

Genus Amphidinium Claparede and Lachmann 1859 

 

Amphidinium cf. trulla Jørgensen and Murray 2004 

Figures are located in: Plate  4-2_f  and Figure  4-1_f 

Description: Oval shape. The epicone was approximately 10 times smaller than the hypocone, 

deflected a bit to the left side. The cingulum was started just below the apex. A yellow- brown 

chloroplast was also observed in the cell center. 

Size: 18-25m long, 10-15m wide 

Observation: It was observed at Nesset in months 8 and 9 in medium abundances. This species 

was not observed in Huk. 

 

Genus Chilodinium Massart 1920 

 

Chilodinium cruciatum Massart 1920 

Figures are located in: Plate  4-2_g and Figure  4-1_g 

Description: Oval shape. The epicone was around 1/3 cell length long. A long flagellum 

coming out from the cell center was observed. The species had a longitudinal furrow which was 
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extended to the apex. In addition, the cell was naked and had not any specific colour. An 

eyespot was observed at the hypocone. 

Size: 20-28m long, 15-17m wide 

Observation: It was observed at Nesset in month 1 in medium abundance. This species was not 

observed in Huk. 

Comments: One of the main/obvious species features was its eyespot in the hypocone, which 

also has been reported by Throndsen and Eikrem (2010).  

 

Genus Togula Flø Jørgensen, Murray and Daugbjerg 2004 

 

Togula britannica (E.C Herdmann) Flø Jørgensen, Murray and Daugbjerg 2004 

Figures are located in: Plate  4-2_h and Figure  4-1_h 

Description: Oval shape, dorsoventrally flattened. The cingulum descended in a way that the 

cells appeared asymmetrical. Its sulcus was slightly deflected to the right side of the cell. 

Nucleus was observed in the cell center. This species had many yellow-brown chloroplasts.  

Size: 28-40m long, 20-25m wide 

Observation: It was observed at Nesset in months 3, 4, 8 and 9 in medium abundances. This 

species was not observed in Huk. 

Comments:  The species movement was slow and with respect to the cell shape was very 

similar to Togula jolla Flø Jørgensen, Murray and Daugbjerg 2004.  

 

Togula jolla Flø Jørgensen, Murray et Daugbjerg 2004 

Figures are located in: Plate  4-2_i and Figure  4-1_i1,2 

Description: Oval shape, dorsoventrally flattened. The cingulum descended very much. The 

sulcus was slightly deflected to the right side of the cell. Nucleus was observed in the cell center.  

Size: 26-37m long, 25-30m wide 

Observation: It was observed at Nesset in month 3 in high abundance and in month 8 in low 

abundance. At Huk, it was only observed in month 9 in low abundance. 
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Comments:  The species was very similar to Togula britannica (as discussed above) except its 

small size. 

 

Genus Katodinium Fott 1957 

Katodinium cf. fungiforme Anissimova 1926 

Figures are located in: Plate  4-2_j and Figure  4-1_j 

Description: Ovoid shape, dorsoventrally flattened, no chloroplast. The hypocone was smaller 

than epicone. Its epicone was very rounded. The cingulum descended about one cingulum width. 

Two unequal flagella originating from the anterior surface were observed. The anterior 

flagellum was about 0.5 cell lengths long while the posterior one was about 1.5 cell lengths.  

Size: 10-12m long, 8-10m wide 

Observation: It was observed at Nesset in months 8 and 9 in low abundances. This species was 

not observed in Huk. 

Comment: The species was similar in general to Katodinium asymmetricum Massart 1920. The 

epicone outline of the species was broken by a small incision, slightly to the left from the mid 

ventral line. This helped to differentiate between these two species.  

 

Order Suessiales Fensome, Taylor, Norris, Sarjeant, Wharton and 
Williams 1993 

Genus Biecheleria Mosetrup, Lindberg and Daugberg 2009 

 

Biecheleria sp. 

Figures are located in: Plate  4-2_k and Figure  4-1_k 

Description: Semi-circular cell. The epicone and hypocone sizes were the same. Its sulcus 

reached to the antapex. A greenish chloroplast was observed at outer part of the cell. An orange 

eyespot was present in the upper part of hypocone. 

 Size: 18-20m long, 15m wide 

Observation: It was observed at Nesset in month 3 in low abundance. This taxon was not 

observed in Huk. 

Comments: An orange eyespot was the distinguishing characteristics of this taxon.  
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Plate  4-1 Gymnodinium, Amphidinium, ventral view except e      

a) Gymnodinium variabile, b) Amphidinium herdmanii, c) Amphidinium incoloratum, d) 
Amphidinium pellucidum, e) Amphidinium ovum 
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Plate  4-2 Amphidinum, Chilodinium, Togula, Katodinium, Biecheleria, ventral view except i      

f) Amphidinium cf. trulla, g) Chilodinium cruciatum, h) Togula britannica, i) Togula jolla,  j) 
Katodinium cf. fungiforme, k) Biecheleria sp. 
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Figure  4-1 Gymnodium, Amphidinium, Chilodinium, Togula, Katodinium, Biecheleria - All 
figures are taken in the phase contrast. 

a) Gymnodinium variabile, b) Amphidinium herdmanii, c) Amphidinium incoloratum, d) 
Amphidinium pellucidum, eyespot (arrow),  e) Amphidinium ovum, ventral view (arrow), f) 
Amphidinium cf. trulla, transverse flagellum (arrow), g) Chilodinium cruciatum, apical 
furrow(arrow),  h) Togula britannica,  i) Togula jolla, i1: nucleus in the cell center (arrow),  j) 
Katodinium cf. fungiforme, dorsal view(arrow),  k)  Biecheleria sp., eyespot(arrow) 

Scale bar= 10m 
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Cryptomonads 
 

Class Goniomonadeae Cavalier-Smith 1993 

Order Goniomonadales Novariono & Lucas 1993 

Genus Goniomonas Stein 1878 

 

Goniomonas amphinema J. Larsen and Patterson 1990 

Figures are located in: Plate  4-3_a and Figure  4-2_a1,2, Figure 4-14_c (SEM) 

Description: Oval shape with two unequal flagella; one directed anteriorly, other one 

posteriorly. The longer flagellum was longer than the cell length. There was a transverse band of 

ejectisomes near the anterior end. During swimming, the small flagellum was seen in the 

straight position while the longer one was trailed behind. This species was heterotrophic and 

with no chloroplast.  

Size: 6-9m long, 4-6m wide 

Observation: It was observed at Nesset in month 3 in low abundance. At Huk the species was 

observed in month 1 in high abundance and in months 7 and 9 in medium abundances. 

Comments:  The species was easily identified due to its clear ejectisomes, and no chloroplast. 

With respect to overall specifications, the species was consistent with the one described by 

Larsen and Patterson (1990). Our observation under SEM also re-confirmed the identification 

(See section  4.2). 

 

Goniomonas pacifica Larsen and Patterson 1990 

Figures are located in: Plate  4-3_b and Figure  4-2_b  

Description: Colourless rounded cell. Since it was a heterotrophic species, there was no 

chloroplast. The species had two equal flagella coming out from the upper side of the cell. It was 

observed that, the flagella bends close to the dorsal surface during swimming, while the other 

one bends toward the ventral side. 

Size: 9-11m long, 6-8m wide 

Observation: It was observed at Nesset in month 2 in low abundance. At Huk the species was 

observed in month 7 in low abundance. 
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Comments: This species was very similar to Goniomonas amphinema as described above. 

Larsen and Patterson (1990) have mentioned that Goniomonas pacifica and Goniomonas 

amphinema could be differentiate by their size and the flagella length. 

 

Class Cryptophyceae Fritsch 1927 

Order Cryptomonadales Engler 1903 

Genus Chroomonas Hansgirg 1885 

 

Chroomonas diploccoca Butcher 1959 

Figures are located in: Plate  4-3_c and Figure  4-2_c1,2,3, Figure 4-14_d,e,f (SEM) 

Description: Elliptical shape, with a blue-green colour chloroplast. A bar-shape gullet was 

observed in the anterior part of the cell where the species’ two flagella emerging from upper part 

of the gullet. These two flagella were short, but approximately equal in length.  In both sides of 

the gullet, two rows of ejectisomes were observed. At lower part of the cell, a two- rings shape 

was very obvious.  

Size: 8-12m long, 5-8m wide 

Observation: It was observed at Nesset in months 1 and 2 in high abundances, months 3 and 7 

in medium abundances and months 8 and 9 in high abundances. At Huk the species was 

observed in months 1, 6 and 7 in high abundances and in months 8 and 9 in low abundances. 

Comments: Our observation showed a presence of very many plate on the outer surface of the 

cell (the priplast) which was very similar to the species description by Throndsen and Eikrem 

(2010) and Butcher (1952, 1967). We had a detailed study of this species under the SEM. Our 

observation under SEM re-confirmed the species identification (See section  4.2). 

 

Genus Cryptomonas Ehrenberg 1832 

 

Cryptomonas sp. 

Figures are located in: Plate  4-3_d and Figure  4-2_d1,2, Figure 4-14_g (SEM) 

Description: Ovoid shape, with a yellow-brown coloured chloroplast, green colour sometimes. 

The species had two flagella (almost equal) emerging from a furrow. At least two rows of 

ejectisomes were observed along this furrow.  
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Size: 25-50m long, 12-20m wide 

Observation: It was observed at Nesset in months 1, 2, 4 and 7 in medium abundances, in 

month 8 in low abundance and in month 9 in high abundance. At Huk the taxon was only 

observed in month 9 in low abundance.  

Comments: This taxon is often found in fresh water. It was found at Nesset where there is a 

creek entering to the sea. This taxon had been also reported by Zubizarreta (2005) in an area 

with fresh water flow.  

 

Order Pyrenomenadales Nevavine and Lucas 

Genus Rhodomonas Karsten 1898 

 

Rhodomonas baltica Karsten 1898 

Figures are located in: Plate  4-3_e and Figure  4-2_e, Figure 4-14_h (SEM) 

Description: Ovoid shape, with a red-brown colored chloroplast. The species had two flagella 

coming out from a gullet. A short furrow extending posteriorly and two rows of ejectisomes 

around the gullet were observed. Nucleus was seen at the cell center, slightly to the right side.    

Size: 13-25m long, 11-14m wide 

Observation: It was observed at Nesset in months 1 and 9 in low abundances. At Huk the 

species was observed in month 9 in low abundance. 

Comments: This species was easily identified under the LM observations due to its colour. Our 

observation under SEM also re-confirmed the species identification (See section  4.2). 
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Plate  4-3 Rhodomonas, Chroomonas, Cryptomonas, Goniomonas, ventral view      

a) Goniomonas amphinema,  b) Goniomonas pacifica,  c) Chroomonas diploccoca, d) 
Cryptomonas sp.,  e) Rhodomonas baltica 
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Figure  4-2 Rhodomonas, Chroomonas, Cryptomonas, Goniomonas- All figures are taken in 
the phase contrast.     

a) Goniomonas amphinema, ejectisomes (arrow),  b) Goniomonas pacifica,  c) Chroomonas 
diploccoca,  d) Cryptomonas sp., d1: pyrenoid (arrow),  e) Rhodomonas baltica  

Scale bar= 10m 
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Chlorophytes  
 

Class Prasinephyceae T. Christensen 1926 ex Moestrup & Throndsen 
1988 

Order Chlorodendrales Fritsch 1917 

Genus Pyramimonas Schmarda 1850 

 

Pyramimonas sp1 

Figures are located in: Plate  4-4_a and Figure  4-3_a 

Description: Flat heart shape with two green chloroplasts, where the pyramid side was located 

at the posterior section. Four long flagella were observed. A big double eyespot was obvious in 

the cell center.  

Size: 13-15m long, 10-12m wide 

Observation: It was observed at Huk in month 5 in low abundance. This taxon was not 

observed in Nesset. 

Comments: The main taxon specification was a wide width at the upper side of the cell. Also 

the eyespot helped for the genus identification, but still the species was not identified.  

 

Pyramimonas cf. disomata Butcher ex McFadden, Hill et Wetherbee 1986 

Figures are located in: Plate  4-4_b and Figure  4-3_b  

Description: Pyramidal cell with square to round in the transverse section. Four flagella coming 

out from the anterior part and emerging from a deep/and narrow hole were observed. A U-shape 

green chloroplast was visible. One or two eyespots inside the plastid were one of the species 

features.  

Size: 5-10m long, 3-6m wide 

Observation: It was observed at Nesset in months 2, 8 and 9 in high abundances. This species 

was not observed in Huk. 

Comments: Due to very fast and jumping type of species movements, it was very difficult to 

take photo of this species.  
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Pyramimonas sp2 

Figures are located in: Plate  4-4_c and Figure  4-3_c 

Description: Rounded pyramid cell with four flagella emerging from the anterior and pointing 

to two sides of the cell. The taxon had a green chloroplast. Pyrenoid was visible in the posterior 

part. A double eyespot was observed in the cell center.  

Size: 14-18m long, 7-9m wide 

Observation: It was observed at Nesset in months 7 and 8 in low abundances. At Huk the taxon 

was only observed in month 7 in low abundance. 

Comments: The cell length of this species was slightly bigger than the other observed 

Pyramimonas e.g P. disomata. In addition the movement was also slightly slower than the others.  

 

Pyramimonas sp3 

Figures are located in: Figure  4-3_d 

Description: The cell shape was not evident since we looked at this species from top view. 

From that view, the species appeared as a spider with 8 flagella. The swimming mode was 

mainly jumping and gliding. 

Size: 7-10m long, 7-10m wide. 

Observation: At Nesset the species was observed in months 1 and 2 in high abundances and 

months 8 and 9 in low abundances. This taxon was not observed in Huk. 

 

Genus Nephroselmis Stein 1878 

 

Nephroselmis rotunda (N. Carter) Ettl 

Figures are located in: Plate  4-5_d and Figure  4-3_e, Figure  4-15_c,d,e(SEM) 

Description: A bean shape with a green chloroplast and a pyrenoid inside that. Two flagella 

were observed, one small and sleeping on the cell side, and the other one was longer and 

tangential to the anterior.  A red eyespot was found in the cell center.  

Size: 5m long, 3m wide 
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Observation: It was observed at Nesset in months 1, 2, 8 and 9 in high abundances. This 

species was not observed in Huk. 

Comments: The species was very similar to Nephroselmis cf. pyriformis (Carter 1937) and it 

was almost impossible to differentiate between these two taxa. This species was investigated 

under SEM and it was observed that the outer surface has been covered by very many single star 

shaped scaled which are characteristic of N. rotunda, the same as reported by Abildhauge 

(1992). 

 

Genus Tetraselmis Stein 1878 

 

Tetraselmis sp. 

Figures are located in: Plate  4-5_e and Figure  4-3_f1,2 

Description: Oval cell with a deep and narrow pit at the anterior part. Four flagella emerging 

from that pit and pointing towards the posterior were observed. Pyrenoid was found in the 

posterior part of the cell. The cell had a light green chloroplast.  

Size: 16-20m long, 13-15m wide 

Observation: It was observed at Nesset in month 1 in high abundance. This taxon was not 

observed in Huk. 

Comments: The species was similar to the one described in Throndsen and Eikrem (2010), 

expect that a red-eyespot inside the chloroplast had been reported by them, however it was not 

observed here.   

 

Class Chlorophyceae Sensu Mattox and Stewart 1984 

Order Volvocales Oltmanns 1904 

Genus Chlamydomonas Ehrenberg 1834 

 

Chlamydomonas cf. nonpulsata Butcher 1959 

Figures are located in: Plate  4-5_f and Figure  4-3_g1,2 

Description: Rounded to oval cell with a papilla at the apex. The species had two equal flagella, 

shorter than the cell size, emerging from the mentioned papilla, same as described by Butcher 
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(1959). The cell was surrounded by a thin wall.  The species had a green chloroplast and a big 

pyrenoid in the posterior part. A big red eyespot was observed in the plastid. 

Size: 18-22m long, 15-17m wide 

Observation: It was observed at Nesset in months 1, 2, 3, 4, 7, 8 and 9 in high abundances. This 

species was not observed in Huk. 

Comments: The anterior papilla was very obvious in SEM.  

 

Chlamydomonas sp. 

Figures are located in: Plate  4-5_g and Figure  4-3_h1,2,3 

Description: Full circle cell with a thick wall. The cell surface appeared to have very many 

hexagonal shapes. In addition a big eyespot inside the plastid was observed.  The taxon had two 

flagella slightly longer than the cell. 

 Size: 9-11m long, 9-11m wide 

Observation: It was observed at Nesset in months 1, 2, 3, 7, 8 and 9 in high abundances. This 

taxon was not observed in Huk. 

Comments: A thicker wall around cell helped for the genus identification. 
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Plate  4-4 Pyramimonas 

a) Pyramimonas sp1, b) Pyramimonas cf. disomata, c) Pyramimonas sp2  
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Plate  4-5 Nephroselmis, Chlamydomonas, Tetraselmis 

d) Nephroselmis rotunda,  e) Tetraselmis sp.,  f) Chlamydomonas  cf. nonpulsata,   g)  
Chlamydomonas sp. 
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Figure  4-3 Pyramimonas, Chlamydomonas, Nephroselmis, Tetraselmis - All figures are taken 
in the phase contrast, except f2 and g2, where they are taken in the diffraction 
interference contrast. 

a) Pyramimonas sp1, big double eyespot (arrow), b) Pyramimonas cf. disomata, c) 
Pyramimonas sp2, Pyrenoid in the posterior part (arrow), d) Pyramimonas sp3, (top view), e) 
Nephroselmis rotunda, f) Tetraselmis sp., f1:Pyrenoid (arrow), g) Chlamydomonas cf. 
nonpulsata, g1: a big eyespot (arrow),  h) Chlamydomonas sp.              

Scale bar= 10m 
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Euglenoids 
 

Class Bodonophyceae Silva 1986 

Order Bodonales 

Genus Bodo Ehrenberg 1832 

 

Bodo saliens Larsen & Patterson 1990 

Figures are located in: Plate  4-6_a and Figure  4-4_a 

Description: Elongate ellipsoid with dark colour. The species had two unequal flagella, where 

the posterior flagellum was smaller than the anterior one. Anterior flagellum had longer than cell 

length. These two flagella originated from the cell groove and almost parallel cell axis. In the 

swimming, anterior flagellum attached to the cover slips, hence the main force of the movement 

came from the posterior flagellum.  

Size: 9-12m long, 5m wide 

Observation: It was observed at Nesset in months 1, 2 and 4 in high abundances and in month 9 

in low abundance. At Huk, the species was observed in months 1, 5, 8 and 9 in high abundances. 

Comments: This species was similar to Bodo angusta (Dujardin 1841) Butschli 1833 as also 

referred by Larsen & Patterson 1990. Since this species was heterotrophic, a lot of bacteria were 

observed around it.  

 

Bodo designis Skuja 1948 

Figures are located in: Plate  4-6_b and Figure  4-4_b1,2 

Description: Elliptical shape with two unequal flagella. The apical part of the species was being 

set off as a rostrum. Nucleus was observed at the cell center. The main modes of cell movements 

were rotating, skidding and gliding.  

Size: 8-11m long, 3-5m wide 

Observation: It was observed at Nesset in months 1, 2, 4 and 7 in high abundances. At Huk, the 

species was observed in months 1 and 5 in high abundances. 

Comments: Since it was heterotrophic, many bacteria were observed around this species. The 

main differentiate between Bodo designis and Bodo saliens was that apical part of the cell was 

being set off as a rostrum in Bodo designis, which was not observed on Bodo saliens. 



 
 

  46 
  

Genus Rhynchomonas Klebs 1892 

 

Rhynchomonas nasuta (Stokes 1888) Klebs 1892 

Figures are located in: Plate  4-6_c and Figure  4-4_c 

Description: Ovoid cell with a motile snout at the lateral anterior margin of the cell. The cell 

colour was dark without any chloroplast. A long flagellum was observed at the base of snout and 

pointed to the posterior. This flagellum was in parallel with the cell axis. The flagellum was 

about 3 cell lengths long. The cell movement was mainly gliding.  

Size: 5-8m long, 4-6m wide 

Observation: It was observed at Nesset in months 1, 2 and 3 in medium abundances and in 

months 8 and 9 in low abundances. At Huk, the species was observed in month 3 in low 

abundance. 

Comments: Due to having a motile snout, it was not very difficult to identify this species. Only 

a single flagellum was observed under LM, however according to Stokes (1888a,b) and Klebs 

(1892), there should be a second flagellum, which we couldn’t find under LM observation.  

 

Genus Cryptaulax Skuja 1948 

 

Cryptaulax cf. marina Throndsen 1969 

Figures are located in: Plate  4-6_d and Figure  4-4_d 

Description: Elongated oval cell with two flagella inserted in a groove near the anterior end. 

The anterior flagellum was about a cell length long and usually was curve shaped. The posterior 

flagellum was about two times of the cell length and twisted as a S-shape around the cell. A big 

vacuole was observed close to the posterior end. 

Size: 8-22m long, 4-5m wide 

Observation: It was observed at Nesset in month 3 in low abundance. This species was not 

observed in Huk. 

Comments: A big vacuole was observed in our work, the same as reported by Throndsen and 

Eikrem (2010).   

 



 
 

  47 
  

Cryptaulax elegans Larsen & Patterson 1990 

Figures are located in: Plate  4-6_e and Figure  4-4_e1,2 

Description: Elongated elliptical cell with two flagella inserting near the anterior end of a 

groove. Both flagella were pointing in the same direction.  

Size: 5-8m long 

Observation: It was observed at Nesset in month 2 in low abundance. At Huk, the species was 

observed in months 6, 7 in very low abundances. 

Comments: The species was similar to Cryptaulax cf. marina except this species has no 

vacuole; also the cell length was slightly shorter.  

 

Class Euglenophyceae Schoenichen 1925 
Order Sphenomonadales Leedale 1967 

Genus Anisonema Dujardin 1841 

 

Anisonema cf. acinus Dujardin 1841 

Figures are located in: Plate 4-7_f and Figure  4-4_f1,2 

Description: Elongated oval, dorsoventrally flattened. The species had a few visible pellicular 

stripes on both the ventral and dorsal side. Two unequal flagella were observed; one was about 

1.5 cell lengths long and the other one was thickened and a little longer. This longer flagellum 

pointed towards the posterior. Both flagella originated from a ventral groove. The swimming 

was mainly gliding and sliding. The species was able to change shape facilitating crawling 

movements. 

Size: 15-18m long, 7-10m wide 

Observation: It was observed at Huk in months 6 and 7 in medium abundances. At Nesset, the 

species was only observed in month 9 in low abundance. 

Comments: Shape of this species was similar to Anisonema prosgeobium except that the 

Anisonema acinus species was thinner and somewhat smaller than the other one (See next taxon 

description). 
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Genus Anisonema Dujardin 1841 

 

Anisonema prosgeobium Dujardin 1841 

Figures are located in: Plate 4-7_g and Figure  4-4_g1,2 

Description: Elongated oval dorsoventrally flattened. The species had two flagella. The 

posterior flagellum was around 3 cell lengths long; the anterior approximately 1.5 cell lengths. 

The species pellicula was smooth and was able to change shape facilitating crawling movements. 

Size: 20-32m long, 12-14m wide 

Observation: It was observed at Nesset in months 2, 3, 4 and 7 in medium abundances. At Huk 

the species was observed in month 2 in medium abundance.  

Comments: As mentioned before, the shape of this species was similar to Anisonema acinus. A 

main difference between A. acinus and A. prosgeobium was its smooth pellicula and larger size. 

 

Genus Metanema Senn 1900 

 

Metanema sp1 

Figures are located in: Plate  4-7_h and Figure  4-5_a1,2 

Description: Apple shape, dorsoventrally flattened. Its pellicula had an inclination relative to 

the cell axis. The taxon had two equal flagella, one pointing to the left side and the other 

pointing to the right side. They were slightly longer than the cell itself. The main movement 

mode was gliding.  

Size: 17-22m long, 12-15m wide 

Observation: It was observed at Nesset in months 2, 3 and 4 in low abundances. At Huk, the 

taxon was observed in months 1 and 7 in medium abundances.  

Comments: The cell shape and description was similar to the Heteronema and it was difficult to 

distinguish between these two taxa.   
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Metanema sp2 

Figures are located in: Plate  4-7_i and Figure  4-5_b1,2 

Description: Apple shape, dorsoventrally flattened. Its pellicula had an inclination relative to 

the cell axis. The taxon had two equal flagella, one pointing to the left side and the other 

pointing to the right side. Their lengths were a little longer than the cell length. A large vacuole 

was observed in the left side of the cell. The movement mode was gliding.  

Size: 25-35m long 

Observation: It was observed at Nesset in months 2, 3, 7, 8 and 9 in high abundances. At Huk, 

the taxon was observed in months 2 and 7 in low abundances.  

Comments: The main difference between this and the previous Metanema sp1 was its bigger 

size and its slower movement. 

 

Genus Petalomonas Stein 1878 

 

Petalomonas poosilla Larsen & Patterson 1990 

Figures are located in: Plate  4-8_j and Figure  4-5_c 

Description: Ellipsoidal shape, dorsoventrally flattened. The species had only one flagellum 

emerging from the reservoir. Its length was about 1.5 cell lengths. Due to cell’s dark colour, it 

was almost impossible to observe the outer surface. The main movement mode was gliding.  

Size: 5-6m long, 2-3m wide 

Observation: It was observed at Nesset in months 1, 3, 4, 8 and 9 in high abundances. At Huk, 

the species was observed in months 3, 8 and 9 in high abundances. 

Comments: Small sizes, lack of furrow, invisible surface were the main features of this species. 

 

Petalomonas cf. cantuscygni Cann and Pennick 1986 

Figures are located in: Plate  4-8_k and Figure  4-5_d1,2,3 

Description: Oval shape, pointed anterior and a semi-circle at the posterior, dorsoventrally 

flattened. The species had only one flagellum emerging from a canal close to the anterior and 

was approximately one cell length long. At the posterior an ingestion apparatus was observed.  



 
 

  50 
  

Size: 10-12m long, 7-9m wide 

Observation: It was observed at Nesset in months 7 and 8 in medium abundances and in low 

abundance in month 9. This species was not observed in Huk. 

Comments: The species was similar to Notosolenus and it was difficult to distinguish between 

them. 

 

Petalomonas minor Larsen & Patterson 1990 

Figures are located in: Plate  4-8_l and Figure  4-5_e 

Description: The cell shape was close to ovate-rhomboid with a dorsal keel along the cell. Its 

flagellum was approximately one cell length long.  

Size: 7-9m long, 3-5m wide 

Observation: It was observed at Huk in months 3 and 4 in low abundances. This species was 

not observed in Nesset. 

Comments: According to Larsen and Patterson (1990), this species is similar in shape to 

Petalomonas lata Christien 1962, Petalomonas steinii Klebs 1892 and Petalomonas variabilis 

Christian 1962.  The main differentiating feature was the small size of this species compared to 

the others. 

 

Petalomonas abscissa (Dujardin 1841) Stein 1859 

Figures are located in: Plate  4-8_m and Figure  4-5_f 

Description: Triangular shape, narrow anteriorly and wider at the posterior. The species had 

lateral hyaline flanges. A single flagellum emerged from a canal with the same length as cell. 

Three keels, one at the right dorsal side and two on the ventral side were visible. The species 

movement was mainly gliding.  

Size: 12-15m long, 9-11m wide 

Observation: It was observed at Nesset in months 8 and 9 in medium abundances. This species 

was not observed in Huk. 

Comments: Three keels, one at the right dorsal side and two on the ventral side were clearly 

observed which enabled easy species identification.   
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Genus Notosolenus Stokes 1884 

 

Notosolenus urceolatus Larsen & Patterson 1990 

Figures are located in: Plate  4-8_n and Figure  4-6_a 

Description: Pitcher shaped cell, narrow anteriorly with small neck around the flagella canal. 

Two flagella were found; the anterior one was about one cell length and the posterior one was a 

little smaller. Three dorsal keels and three ventral ridges were also visible.   

Size: 18-20m long, 16m wide 

Observation: It was observed at Huk in month 7 in low abundance. This species was not 

observed in Nesset. 

Comments: Due to very fast movement, it was impossible to observe the cell surface in detail. 

Having three dorsal keels and three ventral ridges helped us to identify the species. 

 

Genus Dinema Perty 1852 

 

Dinema litoralis Skuja 1939 

Figures are located in: Plate  4-9_o and Figure  4-6_b1,2,3 

Description: Elongated oval cell, dorsoventrally flattened. The species pellicula striation was 

longitudinal with an S-helix. Two flagella were observed; the anterior flagellum was about 1.5 

cell lengths and the other one was about one cell length. Often, diatoms, as their food source, 

were clearly visible within the cells. Gliding was the main movement mode and during 

swimming the cell shape was changing.    

Size: 35-50m long, 18-30m wide 

Observation: It was observed at Nesset in months 7, 8 and 9 in high abundances. This species 

was not observed in Huk. 

Comments: Due to its large size and the pellicula striation, this species was easily identified.  
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Dinema valida Larsen & Patterson 1990 

Figures are located in: Plate  4-9_p and Figure  4-6_c 

Description: Elongated ovate, flattened cell. Pellicular striations were similar to an S-helix. The 

nucleus was visible in the lower right part of the cell. The species had two flagella; the anterior 

one was about the cell length and the posterior one was thicker and about two cell lengths. The 

posterior flagellum looked like a hook. 

Size: 25-30m long, 10-13m wide 

Observation: It was observed at Nesset in months 1, 3, 4 in medium abundances and in month 8 

and 9 in high abundances. At Huk, the species was observed in month 7 in low abundance.  

Comments: This species was similar in shape to Anisonema. The main distinction between 

them was presence of an S-helix shaped pellicula in Dinema valida. 

 

Genus Ploeotia Leedale 1969 

 

Ploeotia pseudanisonema Larsen & Patterson 1990 

Figures are located in: Plate  4-9_q and Figure  4-6_d 

Description: Oval shape and dorsoventrally flattened. Very many ridges were visible on the cell 

surface. The nucleus was seen at the lower right of the cell. Two flagella were observed; one 

was slightly longer than the cell length and the recurrent flagellum was about 3-4 cell lengths, 

also thicker and located in the ventral furrow.  

Size: 15-20m long, 10m wide 

Observation: It was observed at Nesset in months 3, 8 and 9 in medium abundances. At Huk 

the species was observed in month 3 in low abundance. 

Comments: The main feature of this species was its very long posterior flagellum. This species 

was more or less similar to Ploetia longifilum. 
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Genus Urceolus Mereshkowsky 1879 

 

Urceolus cornutus Larsen & Patterson 1990 

Figures are located in: Plate  4-9_r  and Figure  4-6_e 

Description: Sack shaped cell with a wide opening at the anterior collar. Pellicular striations 

were closely spaced with S-helix shape. The species had only a single flagellum emerging from 

inside of the anterior collar with the same length of the cell. The nucleus was found at the cell 

center slightly to the posterior side. The species had the capability of changing the shape with 

crawling. 

Size: 40-45m long, 10-20m wide 

Observation: It was observed at Nesset in months 7, 8 and 9 in low/medium abundances. At 

Huk the species was not observed. 

Comments: The anterior collar was the main characteristic of the species. This species was 

similar to the one described by Larsen and Paterson (1990), except their reported cell size was 

marginally smaller (about 40m). Our measured size was however in agreement with the data 

reported by Throndsen and Eikrem (2010), where they have found cells up to 50m. 

 

Order Heteronematales Leedale 1967 

Genus Peranema Dujardin 1841 

 

Peranema fusiforme Larsen 1987 

Figures are located in: Plate  4-10_s and  Figure  4-7_a 

Description: Long sack shape cell with a sharp anterior and truncated posterior. The species had 

two unequal flagella, where the anterior flagellum was thicker and longer (about two cell lengths 

long) and the other one was slightly shorter. This species had a pellicula, which was very 

difficult to see. The main movement was a combination of gliding and rotating, with a sharp 

change of the cell shape.  

Size: 35-40m long, 15-20m wide 

Observation: It was observed at Nesset in months 1, 8 and 9 in medium abundance. This 

species was not observed in Huk. 
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Comments: The species’ main specification was its sack shape. This species was similar to 

Peranema dolichonema as also mentioned by Larsen & Patterson (1990).   

 

Genus Heteronema Dujardin 1841 

 

Heteronema ovale Kahl 1928 

Figures are located in: Plate  4-10_t and Figure  4-7_b 

Description: Oval cell with a pointed posterior end, dorsoventrally flattened and no chloroplast. 

Its pellicular striation consisted of many oblique S-helixes. It had two flagella, the posterior 

flagellum being about twice as long as the anterior one. The main cell movement mode was 

skidding.  

Size: 10-19m long  

Observation: It was observed at Nesset in month 2, 3, 7, 8 and 9 in high abundances. At Huk, 

this species was observed in months 1, 2, 3 and 4 in high abundances and in medium abundance 

in month 8.  

Comments: The main species characteristic was the pointed posterior as also reported by Kahl 

(1928). However this species could be confused with Metanema. 

 

Order Eutreptiales Sensu Leedale 1967 

Genus Eutreptiella Cunha 1913 

 

Eutreptiella cf. eupharyngea Moestrup and Norris 1986 

Figures are located in: Plate  4-10_u and Figure  4-7_c1,2,3 

Description: A sack shaped cell with pointed posterior. The species had two flagella originating 

from a long, thin canal close to the apex. The anterior flagellum was about two times of cell 

length while the other one was slightly smaller than the cell length and pointing towards the 

posterior. The cells had green chloroplasts. A red eyespot was observed outside the plastid. A 

large nucleus was found in the middle of the cell.  

Size: 25-45m long, varying in wide direction during movement  



 
 

  55 
  

Observation: It was observed at Nesset in months 2, 7, 8 and 9 in medium abundances. At Huk, 

the species was observed in month 7 in low abundance.  

Comments: The species was very active and had a flexible shape. During swimming, it looked 

like that its chloroplast was constantly moving inside the cell. 
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Plate  4-6 Bodo, Rhynchomonas, Cryptaulax                           

a) Bodo saliens, b) Bodo designis, c) Rhynchomonas nasuta, d) Cryptaulax cf. marina, e) 
Cryptaulax elegans 



 
 

  57 
  

 

                                                                               

f                                                                                                           g 

                                                                           

h                                                                                          i                                     

    

              

                                            

 

 

Plate  4-7 Anisonema, Metanema 

f) Anisonema cf. acinus, g) Anisonema prosgeobium, h) Metanema sp1, i) Metanema sp2. 
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Plate  4-8 Petalomonas, Notosolenus   

j) Petalomonas poosilla, k) Petalomonas cf. cantuscygni, l) Petalomonas minor, m) 
Petalomonas abscissa, n) Notosolenus urceolatus 
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Plate  4-9 Dinema, Ploeotia, Urceolus 

o) Dinema litoralis, p) Dinema valida, q) Ploeotia pseudanisonema, r) Urceolus cornutus     
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Plate  4-10 Peranema, Heteronema, Eutreptiella  

s) Peranema fusiforme, t) Heteronema ovale, u) Eutreptiella eupharyngea   
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Figure  4-4 Bodo, Rhynchomonas, Cryptaulax Anisonema- All figures are taken in the phase 
contrast, except f2 and g1 where they are taken in the diffraction interference contrast. 

a) Bodo saliens, b) Bodo designis, c) Rhynchomonas nasuta, a motile snout (arrow), d) 
Cryptaulax cf. marina, e) Cryptaulax elegans, f) Anisonema cf. acinus, g) Anisonema 
prosgeobium, g1: vertical pellicular stripes (arrow) 

Scale bar= 10m 
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Figure  4-5 Metanema, Petalomonas - All figures are taken in the phase contrast, except b1, 
where it is taken in the diffraction interference contrast. 

a) Metanema sp1, b) Metanema sp2, b2: a large vacuole was observed in the left side of the cell, 
the pellicular has an inclination relative to the cell axis (arrow), c) Petalomonas poosilla, d) 
Petalomonas cf. cantuscygni, e) Petalomonas minor, f) Petalomonas abscissa, hyaline flange 
(arrow) 

Scale bar= 10m 
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Figure  4-6 Notosolenus, Dinema, Ploeotia, Urceolus - All figures are taken in the phase 
contrast, except b2, where it is taken in the diffraction interference contrast. 

a) Notosolenus urceolatus, b) Dinema litoralis, b2: Nucleus (arrow), b3: since this species is 
heterotrophic we observed that the species was eating diatom (arrow), c) Dinema valida, S-helix 
shape of Pellicular (arrow), d) Ploeotia pseudanisonema, e) Urceolus cornutus, nucleus (arrow)  

 Scale bar= 10m 
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Figure  4-7 Peranema Heteronema, Eutreptiella- All figures are taken in the phase contrast, 
except b and c1, where it is taken in the diffraction interference contrast. 

a) Peranema fusiforme, a short flagellum (arrow), b) Heteronema ovale, c) Eutreptiella cf. 
eupharyngea, c1: a red eyespot (arrow), c2: a green chloroplast (arrow) 

Scale bar= 10m 
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Haptophytes 
 

Class Coccolithophyceae Rothmaler 1951 

Order Prymnesiales Papenfuss 1955 

Genus Prymnesium Massart & Conrad 1926 

 

Prymnesium cf. nemamethecum 

Figures are located in: Plate  4-11_a and Figure  4-8_a1, 2, Figure  4-18_a,b (SEM) 

Description: Egg shaped cell with two yellow-brown chloroplasts. This species had two flagella. 

One flagellum was slightly longer than the other one. During the swimming, these two flagella 

looked like the bird wings. The haptonema was observed in the center/slightly anterior to the 

center of the cell and was 3-5m long. The movement direction was mainly toward the 

haptonema.  

Size: 11-13m long, 6-8m wide 

Observation: It was observed at Huk in month 1 with a high abundance and month 6 in low 

abundance and in medium abundances in months 7, 8 and 9. At Nesset, it was only observed in 

month 9 in low abundance. 

Comments:  The identifying species characteristic was the presence of a thick haptonema.  
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Plate  4-11 Prymnesium 

a) Prymnesium cf. nemamethecum 

 

 

 

 

 

Figure  4-8 Prymnesium- All figures are taken in the phase contrast. 

a) Prymnesium cf. nemamethecum, a1: a short haptonema (arrow) 

Scale bar= 10m 
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Heterokonts 
 

Class Chrysophyceae Pascher 1914 

Order Chromulinales Pascher 1914 

Genus Paraphysomonas De Saedeleer 1930 

 

Paraphysomonas sp. 

Figures are located in: Figure  4-18_c (SEM) 

Description: This taxon was not observed under LM. 

Size: No data. 

Observation: It was observed at Nesset in month 4 only by means of SEM. At Huk, the taxon 

was not observed. 

 

Class Biocosoecophyceae Fenchel & Patterson 1988 

Order Biocosoecules Fenchel & Patterson 1988 

Genus Cafeteria Fenchel & Patterson 1988 

 

Cafeteria sp. 

Figures are located in: Figure  4-9_a1,2 

Description: Circle, ovate or kidney-shaped cell with two unequal flagella. The recurrent 

flagellum was more or less straight. During swimming, the anterior flagellum was visible in the 

cell front and the posterior one trailed behind.  

Size: 3-5m long 

Observation: It was observed at Nesset in months 1, 2, 4, 7, 8 and 9 in high abundances. At 

Huk, the taxon was observed in months 5, 6, 7, 8 and 9 in high abundances. 

Comment: Due to very small size, the taxon identification was very difficult. One of the main 

taxon characteristic is the delicate shelf encircling the cell reported by Fenchel & Patterson 

(1988). We did not observe this shelf. 

 

 



 
 

  68 
  

Class Dictyochophyceae (P.C Silva 1980) Silva 1982 

Order Pedinellales Zimnermann Moestrup and Hallfors 1989 

Genus Actinomonas Kent 1880/Pteridomonas Penard 1890 

 

Actinomonas mirabilis 

Figures are located in: Plate  4-12_a and Figure  4-9_b 

Description: Spherical cell with a thick apical sinus shaped flagellum. The length of this 

flagellum was about 15m. The species had some thin arms arising from the anterior side. With 

respect to the movement mode, it appeared that the cell swam along a very long arc.  

Size: 4-5m diameter 

Observation: It was observed at Huk in months 3, 7 and 8 in medium abundance. This species 

was not observed in Nesset. 

Comment: The sinus-shaped apical flagellum was clearly observed. With respect to the cell 

shape, the species was similar to Pteridomonas danica. In the LM observation it is however 

impossible to differentiate between these two species.   

 

Class Raphidophyceae Chadefand ex P.C Silva 1989 

Order Chattonellales Throndsen 1993 

Genus Olisthodiscus N. Carter 1937 

 

Olisthodiscus luteus N. Carter 1937 

Figures are located in: Plate  4-12_b1,2 and Figure  4-9_c1,2,3,4 

Description: Elliptical cell with yellow-brown colour, dorsoventrally flattened with two equal 

flagella about a cell length. Many chloroplasts (at least 6) were observed in the peripheral layer. 

The main swimming mode was gliding without rotating. 

Size: 18-26m long, 13-18m wide  

Observation: It was observed at Nesset in months 2, 3, 4 and 8 in high abundances. At Huk the 

species was observed in months 2, 4, 5, 6, 7, 8 and 9 in high abundances. 
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Comment: Due to the species contact with the substratum, no free swimming was observed. As 

mentioned by Zubizarreta (2005), this species was confused for a long time with Heterosigma 

akashiwo (Hara) Hara and Chihara (1987).  

 

Olisthodiscus sp. 

Figures are located in: Plate  4-12_c and Figure  4-9_d1,2   

Description: Oval cell, dorsoventrally flattened with two equally thick flagella near the apex 

and a bit longer than the cell length. Cell colour was green-yellow. Many chloroplasts were 

observed in the cell periphery. The main swimming mode was gliding without rotating.  

Size: 35-45m long, 35-45m wide 

Observation: It was observed at Huk in months 5, 6, 7, 8 and 9 in medium abundances. This 

taxon was not observed in Nesset. 
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Plate  4-12 Actinomonas, Olisthodiscus 

a) Actinomonas mirabilis, b) Olisthodiscus luteus 1) ventrally, 2) dorsally, c) Olisthodiscus sp. 
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Figure  4-9 Cafeteria, Olisthodiscus, Actinomonas - All figures are taken in the phase contrast. 

a) Cafeteria sp., b) Actinomonas mirabilis, c) Olisthodiscus luteus, c4: ventral view (arrow), d) 
Olisthodiscus  sp. 

Scale bar= 10m 
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Heterokonts (diatoms) 
 

Class Bacillariophycea Haeckel 1948 

Order Naviculaes Bessey 1907 

Genus Navicula Bory de Saint-Vincent 1822 

 

Navicula sp. 

Figures are located in: Plate  4-13_a1,2 and Figure  4-10_a1,2,3, Figure  4-16_a,b (SEM) 

Description: A boat shaped (elliptical) cell, with two yellow-brown chloroplasts. The valves 

ends may capitated (this was observed in the SEM). The raphe was straight and the proximal 

raphe ends were deflected to one cell width the side.  

Size: 20-65m long, 5-20m wide 

Observation: It was observed at Nesset in months 1, 2, 3, 4, 7 and 8 in very high abundances. 

At Huk, the taxon was observed in all months in medium abundances. 

 

Order: Naviculales Bessey 

Genus: Pleurosigma W. Smith 1852 

 

Pleurosigma sp. 

Figures are located in: Plate  4-13_b and Figure  4-10_b 

Description: Long cell with a gentle sigmoid (S-shape) and a sigmoid raphe. This raphe had 

some degrees of inclination relative to the longitudinal axis. Central raphe was clearly observed 

under LM. The taxon had two brown-green chloroplasts. 

Size: 70-150m 

Observation: It was observed at Nesset in months 4 and 8 in low abundances. At Huk, the 

taxon was observed in months 1 and 8 in medium abundances. 
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Order Mastogloiales D.G Mann 

Genus Achnanthes Bory de Saint-Vincent 1822 

 

Achnanthes sp. 

Figures are located in: Plate  4-13_c and Figure  4-10_c1,2, Figure  4-16_d (SEM) 

Description: Rectangular cell. Raphe valve was concave while the rapheles valve was convex. 

Two chloroplasts were located centrally in the cell center. The cell was brown-green in colour.  

Size: 10-40m long, 5-10m wide 

Observation: It was observed at Nesset in months 1, 2, 3, 7, 8 and 9 in very high abundances. 

At Huk, the taxon was observed in months 1, 2, 3, 6, 7, 8 and 9 in medium abundances. 

Order Thalassiophyales D.G Mann 

Genus Amphora F.T Kutzing 1844 

 

Amphora sp. 

Figures are located in: Plate  4-14_d and Figure  4-10_d, Figure  4-17_a,b (SEM) 

Description: Oval cell, with two green-brown chloroplasts. The cell was symmetrical to the 

apical and ventral margins. Its raphe was not centric and it was positioned along the ventral 

margin. The raphe was more or less straight.    

Size: 30-60m 

Observation: It was observed at Nesset in months 4, 7, 8 and 9 in medium abundances. At Huk, 

the taxon was observed in months 1, 7, 8 and 9 in medium abundances. 

     

Order Cocconeidales E.J Cox 2015 

Genus Cocconeis Ehrenberg 1836 

 

Cocconeis sp. 

Figures are located in: Plate  4-14_e and Figure  4-10_e1,2, Figure  4-16_f (SEM) 

Description: Oval/ovoid shape with transverse ribs, and a green/brown colour chloroplasts. A 

raphate valve was only observed on one occasion, otherwise raphes were not observed.  

Size: 40-60m long, 20-25m wide 
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Observation: It was observed at Nesset in months 2 and 3 in medium abundances and in month 

8 in low abundance. At Huk, the taxon was observed in month 2 in medium abundance. 

 

Order Rhopalodiales Ehrenberg 1845 

Genus Entomoneidaceae Ehrenberg 1845 

 

Entomoneis sp. 

Figures are located in: Figure  4-10_f, Figure  4-17_e (SEM) 

Description: Cell constricted at the middle. The frustules of Entomoneis had numerous girdle 

bands. Valves were linear with acute apices. The valve face was highly arched. The raphe was 

observed at the outer edge of each keel. 

Size: 45-60m 

Observation: It was observed at Nesset in months 1 and in low abundance. At Huk, the taxon 

was not observed. 

Class Fragilariophycea R.M. Crawford & D.G Mann, 1990 

Order Fragilariales P.C Silva 

Genus Ceratoneis Ehrenberg 1839 

 

Ceratoneis closterium Ehrenberg 1839 
Figures are located in: Plate  4-14_f and Figure  4-10_g1,2, Figure  4-16_g,h,i (SEM) 

Description: Cylinder cell with very sharp ends. The raphe of Ceratoneis closterium is seen to 

be interrupted in the center, the fibulae were narrow, arcuate and fastened to the valve by short 

cross-bars. This species had two green-brown chloroplasts. 

Size: 30-100m long, 2-5m wide 

Observation: It was observed at Nesset in months 1, 2, 3 in medium abundances and in months 

7, 8 and 9 in very high abundances. At Huk, the species was observed in months 1, 3, 5, 8 and 9 

in medium abundances. 

Comment: The species size reported by Throndsen and Eikrem (2010) was between 32-260m 

while in our study we did not find a length more than 100m. This however confirms a very 

board range of cell sizes in this species.  
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Plate  4-13 Navicula, Pleurosigma, Achnanthes 

a) Navicula sp.; a1) valve view, a2) gridle view, dorsally,  b) Pleurosigma sp.,  c) Achnanthes sp. 
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Plate  4-14  Amphora, Ceratoneis, Cocconeis 

d) Amphora sp.,  e) Cocconeis sp.,  f) Ceratoneis closterium 
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Figure  4-10 Navicula, Pleurosigma, Achnanthes, Amphora, Cocconeis, Ceratoneis- All figures 
are taken in the phase contrast, except b, c2 and e2 where it is taken in the diffraction 
interference contrast.  

a) Navicula sp., a2: gridle view, a3: valve view, b) Pleurosigma sp., c) Achnanthes sp., d) 

Amphora sp., e) Cocconeis sp., f) Entomoneis sp., gridle view, the curved raphe was observed at 

the outer edge of each keel (arrow) , g) Ceratoneis closterium, 

Scale bar= 10m 
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Cercozoans 
 

Class Imbricatea  

Order Thaumatomonadida 

Genus Protaspis Skuja 1939 

 

Protaspis oblique Larsen and Patterson 1990 

Figures are located in: Plate  4-15_a and Figure  4-11_a1,2,3,4 

Description: Oval shape, dorsoventrally flattened. The species had two unequal flagella inserted 

near the cell apex. Anterior flagellum was about half of the cell length while the posterior 

flagellum was about 1.5 cell lengths. The 5µm diameter, spherical nucleus was observed 

centrally in cell, slightly closer to the anterior end. The apex looked like a U-shape. The species 

had a slow gliding movement using its flagella.  

Size: 16-25m long, 10-14m wide 

Observation: It was observed at Nesset in months 1, 2, 3, 4, 7, 8 and 9 in medium abundances. 

At Huk, it was observed in months 2, 4, 6, 7 and 8 in medium abundances. 

Comment: This species was similar to Protaspis glans. The main difference between these two 

species were the positioning of the nucleus and the asymmetrical appearance of Protaspis 

oblique due to an indentation, as explained by Larsen and Patterson (1990). 

 

Protaspis tegere Larsen and Patterson 1990 

Figures are located in: Plate  4-15_b and Figure  4-11_b 

Description: Elongated oval (oblong) dorsoventrally flattened. The species had a longitudinal 

groove starting from the flagella insertion point radiating toward the posterior side. Anterior 

flagellum was about equal to the cell length while the posterior flagellum was a bit longer than 

the cell length.  Protaspis had a slow gliding movement using its flagella. 

Size: 14-18m long, 7m wide 

Observation: It was observed at Huk in months 2 and 3 in medium abundance. This species 

was not observed in Nesset. 

Comment: The species’ main feature was the longitudinal groove.  
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Order incertaesedis 

Genus Metromonas (Griessmann 1913) Larsen and Patterson 1990 

 

Metromonas simplex Larsen and Patterson 1990 

Figures are located in: Plate  4-15_c 

Description: Balloon shape, dorsoventrally compressed. Only one flagellum twice the length of 

the cell was observed. The cell movement was along an arc from one side to the side like a 

pendulum.     

Size: 4-6m  

Observation: It was observed at Nesset in months 3 and 8 in high abundances. At Huk, the 

species was observed in months 3 and 6 in medium abundances. 

Comment: We took a picture from this species, but coincidently missed it. Throndsen and 

Eikrem (2010) reported two flagella for this species. It is however mentioned by them that the 

second flagellum was very small and not very visible which was the case here hence our 

inability to find it. 

Apusozoans 

 

Class Amastigomonea 

Order Amasigomonadales 

Genus Amastigomonas De Saedeleer 1931 

 

Amastigomonas mutabilis (Griessmann) Molina and Nerad 

Figures are located in: Plate  4-15_d and Figure  4-11_c 

Description: Elliptical and flexible cell, dorsoventrally flattened. Two unequal flagella inserting 

from the anterior part were observed. Anterior flagellum was about 0.5 cell length while the 

posterior flagellum was about 1.5 cell lengths. It looked like the posterior flagellum trailed 

under the body.   

Size: 10-18m long, 3-5m wide 

Observation: It was observed at Nesset in months 1 and 8 in low abundance. At Huk, the 

species was observed in month 7 in low abundance. 
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Plate  4-15 Protaspis, Metromonas, Amatigomonas  

a) Protaspis oblique, b) Protaspis tegere, c) Metromonas simplex, d) Amastigomonas mutabilis 
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Figure  4-11 Protaspis, Amatigomonas- All figures are taken in the phase contrast, except a1 
and b, where they are taken in the diffraction interference contrast. 

a) Protaspis oblique, a1: nucleus (arrow),  b)  Protaspis  tegere, c)  Amastigomonas mutabilis  

Scale bar= 10m 
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Choanoflagellates 
 

Class Choanoflagellatea Takahashi 1984 

Order Acanthoecida Cavalier Smith 1997 

Genus Acanthocorbis Hara and Takahashi 1984 

 

Acanthocorbis sp. 

Figures are located in: Figure  4-12_a 

Description: Conical shape or rod shape cell with anterior projections. The taxon had many 

numbers of longitudinal costae and a few transverse costae.   

Size: 5-7m  

Observation: It was observed at Huk in months 8 and 9 in high abundances. This taxon was not 

observed in Nesset. 

 

 

 

Figure  4-12 Acanthocorbis- All figures are taken in the phase contrast. 

a) Acanthocorbis sp.  

Scale bar= 10m 

 

 

 



 
 

  83 
  

Cyanobacteria 
 

Class Cyanophyceae Schaffner 1909 
Order Chroococcales HanSgirg 1892 

Genus Chroococcus 

 

Chroococcus sp. 

Figures are located in: Plate 4-16_a and Figure  4-13_a 

Description: Cells were in colonies of two cells with blue green colour. A colourless zone as a 

center line was observed.  

Size: Two celled colonies (10-10)m× (10-10)m 

Observation: It was observed at Nesset in months 1, 8 and 9 in low abundances. This taxon was 

not observed in Huk. 

Comments: This taxon was similar in specification to Chroococcus turgidus (kutz) Nag.var 

Kaas. However the cell size was half of their reported values.  

 

Genus Merismopedia Meyen 1839 

 

Merismopedia sp. 

Figures are located in: Plate 4-16_b and Figure  4-13_b 

Description: A combination of ovoid cells arranged in a form of rectangular shape. A 

mucilaginous matrix held the colony together, but the resulting structure was not very flexible. 

Cell colour was green.    

Size: Size of each individual cell was about 1.5-3m  

Observation: It was observed at Nesset in months 1, 2, 3 and 4 in medium abundances and in 

low abundance in month 9. This taxon was not observed in Huk. 
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Genus Microcrocis P.G Richt 1892 

 

Microcrocis cf. sabulicola (lagerh) Geitler 1942 

Figures are located in: Plate 4-16_c and Figure  4-13_c 

Description: Colonized plate with green colour. Each cell was oblong in front view and all cells 

were densely packed in a plate form.    

Size: The plate diameter was more than 100m, where each cell size was about 3×3m  

Observation: It was observed at Nesset in months 3 and 9 in low abundances. At Huk, the 

species was observed in month 3 in low abundance. 

 

Order: Oscillatoriales Vaucher ex Comont 1892 

Genus: Oscillatoria Vaucher ex Comont 1892 

 

Oscillatoria sp. 

Figures are located in: Plate 4-16_d and Figure  4-13_d, Figure  4-18_f (SEM) 

Description: Long straight and cylinder filament with a dome shaped apex and smooth layered 

strata. The cell colour was usually blue-green but sometimes tended brownish. Sliding/gliding 

by helps of filaments was the main modes of movement. 

Size: 10-30m wide, could be hundred m long  

Observation: It was observed at Nesset in months 1, 2, 3, 4, 7, 8 and 9 in very high abundances. 

This taxon was not observed in Huk. 

 

Genus: Lyngbya Agardh ex Comont 1892 

 

Lyngbya sp. 

Figures are located in: Plate 4-16_e and Figure  4-13_e 

Description: It was a long, un-branching filament inside a rigid mucilage sheath. The filament 

colour was blue green.   

Size: 6-8m wide and could be much more than this in long  
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Observation: It was observed at Nesset in months 3 and 9 in low abundances. This taxon was 

not observed in Huk. 

 

Order Spirulinales Komarek, Kastorstky, Mars and Johansen 2014 

Genus Spirulina P.J.F Turpin ex M. Comont 1892 

 

Spirulina cf. subsalsa (Cohn ex Comont) Koster 1892 

Figures are located in: Plate 4-16_f and Figure  4-13_f 

Description: This species looked like a coiled spring with blue-green colour. The main 

movement was gliding.  

Size: Size of each individual cell was about 3-6m wide and could be more than hundred m 

long.  

Observation: It was observed at Nesset in months 1, 2, 3, 8 and 9 in medium abundances. This 

species was not observed in Huk. 

 

Order Synechococcales 

Genus Pseudanabaena Lauterborn 1915 

 

Pseudanabaena sp. 

Figures are located in: Plate 4-16_g and Figure  4-13_g1,2, Figure  4-18_d,e (SEM) 

Description: Filamentous, cylinder shape and trichome chains with mucus surrounding the 

outer side of the cell.  

Size: Size of each individual cell was about 2-7m and could be much more than this in long.  

Observation: It was observed at Nesset in months 3, 4, 7, 8 and 9 in medium abundances. This 

taxon was not observed in Huk. 
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Order: Thiotrichales 

Genus: Beggiatoa Trevisan 1842 

 

Beggiatoa sp. 

Figures are located in: Figure  4-13_h 

Description: A cylindrical cell shape, a long filaments with a cell of around 1-2 m and 

colourless. Although it formed long chains, it did not appear as a straight line, and looked like   

twisted such coils.   

Size: 2m wide and could be much more than 100m long  

Observation: It was observed at Nesset in months 1, 2, 8 and 9 in low abundances. At Huk the 

taxon was only found in month 9 in low abundance. 
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Plate  4-16 Chroococcus, Merismopedia, Microcrocis, Oscillatoria, Lyngbya, Spirulina, 
Pseudanabaena  

a) Chroococcus sp, b) Merismopedia sp., c) Microcrocis cf. sabulicola, d) Oscillatoria sp., e) 
Lyngbya sp, f) Spirulina cf. subsalsa, g) Pseudanabaena sp. 
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Figure  4-13 Chroococcus, Merismopedia, Microcrocis, Oscillatoria, Lyngbya , Spirulina, 
Pseudanabaena, Beggiatoa-- All figures are taken in the phase contrast, except b, where it 
is taken in the diffraction interference contrast.  

a) Chroococcus sp.,  b) Merismopedia sp.,  c) Microcrocis cf. sabulicola,  d) Oscillatoria sp., e) 
Lyngbya sp.,  f) Spirulina cf. subsalsa,  g) Pseudanabaena sp.,  h) Beggiatoa sp.  

Scale bar= 10m 
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Figure  4-14 dinoflagellates (a and b) and cryptomonads (c to i) in the SEM 

a) Amphidinium herdmanii, epicone (arrow), b) unknown taxon, c) Goniomonas amphinema,                     

d-f) Chroomonas diploccoca, with rectangular plates (arrow in d),  e) Chroomonas sp. , 

hexagonal periplast plate (arrow),  g) Cryptomonas sp.,  h) Rhodomonas baltica, furrwo  

(arrow),  i) unknown taxon, two species with different sizes. 
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Figure  4-15 chlorophytes (a to e) and euglenoids (f to g) in the SEM 

a) Pyramimonas sp, box scales (arrow), b) Chlamydomonas sp., c-e) Nephroselmis rotunda,  

flagellar hair scales (arrow in c), higher magnification and star shape scales (arrow in case d), f-

g) Eutreptiella sp.,  pellicullar (arrow in f) 
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Figure  4-16 diatoms in the SEM 

a-b) Navicula sp., b: valve and gridle views,  c) diatom sp., simple raphe (arrow),  d) Achnanthes 

sp1., investigated taxon (arrow),  e) Amphora sp1, f) Cocconeis sp.,  g-i) Ceratoneis closterium, 

h: raphe with central nodulus, the fibulae are narrow arcuate and fastened to the valve by short 

cross-bars, i: end of valve 
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Figure  4-17 diatoms in the SEM 

a-b) Amphora sp1, c-d) Amphora sp2, e) Entomoneis sp., f) diatom sp.,  central nodulus (arrow) 
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Figure  4-18 haptophytes (a-b), heterokont (c), cyanobacteria (d-f) in the SEM 

a-b) Prymnesium cf. nemamethecum, a short haptonema in a (arrow), b is the same taxon with a 

higher magnification, organic scales (arrow), c) Paraphysomonas sp., This speceis was only 

obsrved in SEM. Due to very small size of this speceis and similarity to Cafeteria, it was 

impossible to identify it by LM observation,  d-e) Pseudanabaena sp., e is the same taxon with a 

higher magnification,  f) Oscillatoria sp. 
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Applying a 95% confidence interval, a range between [0.43, 0.70] was found a proper range to 

be used in our assessments. 

We concluded that at Huk, the sampling effort by us is at a level where the average probability 

of species detection is of the order 50%. There is no previous data set for Nesset, however since 

the sampling was done very similar on Huk and Nesset (same person and same technique and 

same effort), we took this as an acceptable indication that also at Nesset the average probability 

of species detection is of the order 50%. Detail of the species, together with their observed 

months and probabilistic assessments are presented in Appendix B. 

 

4.4.2 Probabilistic comparison between Huk and Nesset 
 

As disused in the previous section, a lower and higher range of average probability of species 

detection was calculated and used in the diversity comparisons between Huk and Nesset 

locations. We calculated the critical species numbers based on : 

- the mentioned range for p which is [0.43, 0.70], 

-  sum of species numbers observed at each location only (S10+S02) and  

- 5% confidence level as a basis for rejection of null hypothesis. 

This is illustrated in Figure  4-23 through Figure  4-26. 

In these figures, the horizontal bold black line is 5% significance level and the vertical bold red 

line is (S10+S02). Cross point between the significance level and (S10+S02) with the coloured 

curves shows the minimum average probability that two locations might have same species for 

that specific month. In other words, we may therefore reject the null hypothesis at the 5% 

significance level and accept the alternative that the assemblages at the two sites contain 

different species if the number of species detected on only one of the sites is greater or equal 

than kcrit. Looking at Figure  4-23 through Figure  4-26, we can conclude that in general and in all 

months, two locations have different species compositions if the average probability of detecting 

a species is about 0.5-0.6 or larger. In other words, rejection of the null hypothesis of equal 

species compositions requires that one may say that the sampling intensity was so large that 

approximately one of 2 species was detected.  Details of calculation are presented in Appendix 

C. 
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Figure  4-23 Species critical number at months Aug. and Sep. 2014 
 

 

Figure  4-24 Species critical number at months Oct. and Nov. 2014 
 

 

Figure  4-25 Species critical number at months Mar. and Apr. 2015 
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Figure  4-28 Salinity (psu) at Huk and Nesset locations 
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In diatoms, movements were mainly gliding using mucus from the raphe. The speed was low. 

In cercozoans, Protaspis had a slow gliding movement using its flagella, while in Metromonas, 

the long flagellum was attached to the surface and the cell moving from side to side as a 

pendulum. This is consistent with the description by Larsen and Patterson (1990). 

In apusozoans, the movement was a slow gliding movement using flagella. 

In cyanobacteria, a gliding type of swimming by help of filaments was the main movement. The 

Oscillatoria was an example of this swimming type. 

Since some taxa were very similar to each other with respect to cell shape and movement, the 

genus identification was not straight forward. Heteronema, Metanema and Gymnodinium were 

examples of such groups, as was commented on in the results section. In order to identify these 

complex groups, observation should be confirmed by SEM and/or TEM. In our study, the SEM 

was used to aid species identification. For example, one specimen was initially identified as 

Nephroselmis sp. under the LM. Further examination of the organic scales covering the cell 

surface in SEM resulted in the identification of Nephroselmis rotunda (Abildhauge 1992).  

Regarding diatom identification, although distinguishing between diatom and others groups was 

not very difficult, identification to the genus and species level may be challenging as many of 

the required morphological features (e.g. raphe and areola) are covered by organic material. This 

needs to be removed by an acid cleaning procedure (Hasle 1978) to become visible. The acid 

cleaning method requires a lot of material (e.g. net hauls) and could not be applied to the 

coverslips and small amount of sample scraped off the microscope slides. 

With the current method of species fixation (fixation of coverslips with Lugol’s solution and a 

hemocytometer) it was not possible to count the observed taxa. Despite the lack of quantitative 

data, it was however possible to perform a rough estimate by eye-impression of the relative 

abundances of the main groups (Figure  4-19 and Figure  4-21).  In general, diatoms, heterokonts 

(Olisthodiscus), haptohytes and euglenoids in Huk and diatoms, cyanobacteria, euglenoids, 

cryptomonads and chlorophytes in Nesset were the most frequent taxa. The cover slips from 

Nesset were always full of diatoms, especially Navicula and Achnanthes. This is in agreement 

with Mcciathechie et al. (1982) and Admiraal et al. (1984) where they have mentioned mudflats 

are often dominated by diatoms. Most of the cyanobacteria were also found mainly in Nesset, 

this group was however rarely observed at the Huk location.  
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6 SUMMARY AND CONCLUSION  
 

The main emphasis of this work was to identify the diversity and relative abundance of protist 

flagellates and cyanobacteria of two sandy shore locations in Oslofjorden. The two investigated 

locations were the intertidal zone in Huk on the Bygdøy Peninsula and Nesset in Bunnefjorden. 

The sampling was started in August 2014 and ended June 2015. Huk was sampled nine times 

whereas Nesset was only sampled seven times due to freezing in the winter season. During 

sampling two hydrographical parameters, temperature and salinity, were recorded. After 

transferring the samples to the laboratory at the University of Oslo, they were incubated in 

growth chambers and investigated by means of light and scanning electron microscopes (LM 

and SEM).  The main findings are summarized below: 

- Both the selected biotopes in the Oslofjorden had a high taxa number (especially at 

Nesset). However, it should be kept in mind that if the investigation had been running for 

a longer time period, more species would likely have been observed. The result is also 

biased by human observation error and preparation methods. 

-  In total, we found 71 different taxa in these two locations. The main protist flagellate 

groups recorded were dinoflagellates, haptohytes, cryptomonads, chlorophytes, 

euglenoids, heterokonts, diatoms, cercozoans, apusozoans and choanoflagellates. In 

addition a large number of cyanobacteria were observed, especially at Nesset. 

- Of these 71 taxa, 63 were recorded at the Nesset and 44 were recorded at Huk. Of these 

71 taxa, 30 at Huk and 42 at Nesset were identified to species level by means of light 

microscope.   

- Of these 71 taxa, 18 were investigated by means of scanning electron microscope (SEM) 

to confirm/correct the suspected groups in the LM observations. Of these 18 samples, 8 

were identified to the species level. 

- Of the 71 species, 30 were heterotrophs and 41 were phototrophs. Due to the light, the 

phototrophs diversity and abundances were much higher in the spring and summer times 

compared to the autumn and winter seasons. These parameters had negligible impact on 

the heterotrophs abundances which exhibited similar relative abundances all the time.  

- Based on the results obtained from probabilistic analyses, we conclude that the two 

assemblages (Huk and Nesset locations) have different species compositions if the 

average probability of detecting species is 0.5 or larger. In other words, rejection of the 

null hypothesis of equal species compositions requires that one may say that the 

sampling intensity was so large that approximately one of 2 species was detected.  
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7 PROPOSED WORK FOR FUTURE 
 

This thesis presents a relative and a quantitative comparison of species diversity and abundance 

at the Huk and Nesset shores. Species quantification was not possible due to the lack of good 

methods and damage to the cells. In order to conduct an accurate comparison, it is necessary to 

improve preservation method and thus improve species counting. A fixation method without any 

major damage to cells that only slowed down the species would be highly beneficial. By 

quantifying the species numbers and using some mathematical tools like the Shanon index, it 

would be possible to obtain a clearer view of species abundance and diversity.   

Another goal for future studies could be to improve the preparation methods, and conduct a 

more detailed study of the species in SEM and TEM. Species should be chosen for more 

detailed investigation, including molecular and chemical methods which involve analysis of 

DNA, RNA, protein, and lipid. In the future with the program of molecular methods more 

accurate tools for species identification and enumeration might be developed. 
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Appendix	A‐	Summary	tables‐Taxa	observations	at	Huk	and	Nesset	
 
 

X= observed species  
 
 Huk location 
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Nesset location 
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Appendix	B‐	Statistical	test‐	our	work	and	Zubizarreta	2005‐	Huk	
 
1= species is observed 
0= species is not observed 
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Calculated	range	for	p:	0.43	to	0.7	
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Appendix	C‐	Probabilistic	analyses	results	of	all	sampled	months‐	
Huk	and	Nesset	locations	
 
 
Processed data from appendix A 
 

 
 
 
 
Probabilistic analyses results in August 2014 

 
 
 
 
 
 
 
 
 



 
 

 123 
  

Probabilistic analyses results in September 2014 

 
 
Probabilistic analyses results in October 2014 
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Probabilistic analyses results in November 2014 

  
 
 
 
Probabilistic analyses results in March 2015 
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Probabilistic analyses results in April 2015 
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Probabilistic analyses results in June 2015 
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Appendix	D‐	example	photos	of	ciliates		
 
 

 




