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Abstract 

Cyanobacteria can be found in freshwater and drinking water systems almost all over the world 

and with climate change and increasing temperature and precipitation, cyanobacterial growth 

and blooms are favoured. One important concern related to cyanobacteria, is occurrence of 

cyanobacteria with abilities to produce metabolites and toxins which can be harmful to animals 

and humans. Some Norwegian lakes experience sporadic or annual cyanobacterial blooms, one 

of whom is Lake Akersvannet in Vestfold and Telemark County, in Southern Norway. 

Traditionally, inverted light microscope are used for quantitative and qualitative monitoring of 

cyanobacteria. However, molecular methods such as DNA metabarcoding are promising. This 

thesis will investigate the approach of these methods and if they are comparable. Water quality 

parameter such as total phosphorus was measured in L. Akersvannet with concentrations 

between 17 – 96 µg/L, giving the lake classifications of mesotrophic 9th of August and eutrophic 

1st of July and 14th of September 2021. ELISA methods were used to analyse microcystin and 

saxitoxin concentrations, with microcystin being found in all samples from L. Akersvannet in 

concentrations from 0,22 – 324 µg/L. All samples were considered as negative for saxitoxin. 

16S gene metabarcoding yielded 2675 OTUs in total, of which 2663 were kingdom of bacteria 

and 227 were cyanobacteria. Diversity tests showed that sampling date was a significant factor, 

and that July was separated from August and September. Microscopic approach identified 

eleven cyanobacteria taxa, and a cyanobacteria density constituting 83 % of total phytoplankton 

volume in July, which was clearly the highest cyanobacteria volume. Using Spearman´s rank 

correlation, it was found that the correlation of the data within the two methods had a significant 

and strong correlation, with p-value of 0,006 and rho of 0,8. Nine out of eleven cyanobacteria 

taxa identified by microscope, were identified with metabarcoding as well, but metabarcoding 

yielded a broader spectre of cyanobacteria with species not identified with microscopy. Based 

on the findings in this thesis, the use of eDNA metabarcoding and inverted light microscopy 

may work well as complementary methods, rather than one replacing the other.  
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1. Introduction 

Cyanobacteria is a group of prokaryotes with an unique ability to perform photosynthesis, and 

is found in many different shapes and sizes as both single cells and colonies (Chorus & Welker, 

2021). As a photosynthetic bacteria, light is a main source to derive energy and therefore one 

of the limiting factors of cyanobacterial growth (Oliver et al., 2012). These bacteria have 

distinctive properties which is favourable in different environments, and provides an advantage 

compared to other bacteria and algae found in the same environment. For example, several 

cyanobacterial taxa can produce aerotopes, which form gas vacuoles filled with air. Due to the 

low density of these gas vacuoles, they provide buoyancy and therefore these types of 

cyanobacteria can float in water as required (Chorus & Welker, 2021). Also, some 

cyanobacteria genera have heterocytes, specialised cells which can fixate atmospheric nitrogen 

(Adams, 2000; Chorus & Welker, 2021), and during a bloom the fixation process can increase 

the input of nitrogen and disturb the geochemical cycles in the system (Capone et al., 2005). 

 

One of the main concerns when it comes to cyanobacteria, is the harmful cyanobacteria that 

can produce different metabolites and toxins (Cheung et al., 2013; Skulberg et al., 1993). Within 

the “main toxin-producing genera”: Anabaena (now called Dolichospermum (Chorus & 

Welker, 2021)), Aphanizomenon, Cylindrospermopsis, Lyngbya, Microcystis, Nodularia, 

Nostoc and Planktothrix (Carmichael, 2001), both toxic and non-toxic strains are found both 

toxic and non-toxic strains (Davis et al., 2009). Cyanotoxins can be harmful to both animals 

and humans as they can cause health problems as liver failure and muscle cramps, and in worst 

case scenarios, death (Carmichael et al., 2001; Samdal et al., 2021). Cyanobacteria can be found 

in freshwater almost all over the world, including drinking water systems, thus World Health 

Organization (WHO) have published recommended guidelines for some cyanotoxins in 

freshwater systems. For example, as for drinking water, the provisional guideline is 1 µg/L for 

microcystin-LR and 3 µg/L for saxitoxin, whereas for recreational use the provisional guideline 

value is 24 µg/L for microcystin-LR and 30 µg/L for saxitoxin (Chorus & Welker, 2021).  

 

Some cyanobacterial genera can proliferate rapidly (Liu et al., 2020) and form so-called 

cyanobacterial blooms (Paerl & Huisman, 2009). The most important factors for cyanobacterial 

bloom is light, nutrients such as nitrogen and phosphate, and temperature (Behrenfeld et al., 

2008). Human activities such as agricultural development with consequences of increased 

eutrophication, provides an environment which favour cyanobacterial dominance and 



 2 

cyanobacterial blooms (Codd et al., 2005; Paerl & Huisman, 2009). In addition to human 

activities, climate change may also take part in the increasing eutrophication and cyanobacterial 

growth (Moss et al., 2011; Samdal et al., 2021). Two of the promoting factors of cyanobacterial 

and algal growth are higher temperature and changes in precipitation, especially in shallow 

lakes. Increased temperature gives an advantage for cyanobacteria as their growth optimum is 

at higher temperatures (Moss et al., 2011), and therefore cyanobacterial blooms may increase 

with rising temperatures (Paerl & Huisman, 2009). Changes in precipitation, with periodical 

heavy rain fall, may change the loading of nutrients and residence time in the lake and can lead 

to more nutrients being added to the lake (Moss et al., 2011).  

 

From the middle of 20th century cyanobacterial blooms became a more frequent problem, due 

to industrialisation and urbanisation (Chorus & Welker, 2021), also in Norway (Aamodt et al., 

2021). Norwegian lakes experienced large blooms, due to discharges from the industry, as well 

as sewage with nutrients and run-off from agriculture (Aamodt et al., 2021; Nashoug, 1999). 

These blooms reduced the water quality and several measures had to be initiated to limit the 

increased level of nutrients in the lakes (Aamodt et al., 2021). By limiting the nutritional 

supplement to the lakes, one could see that the frequency of blooms calmed down, even though 

some Norwegian lakes still experience sporadic or annual blooms (Aamodt et al., 2021: 

Solheim et al., 2020). Lake Akersvannet in Vestfold and Telemark County, in Southern 

Norway, is one of these lakes which still have sporadic cyanobacterial blooms. The lake is 

nutrient-rich and moderately calcareous lake (vann-nett.no; faktaark.naturbase.no). The area 

surrounding L. Akersvannet is characterized by agriculture and provides runoff with poor water 

quality and a high nutrient content (faktaark.naturbase.no). This extra supply of nutrients to the 

lake provides beneficial environment for cyanobacteria and algae to bloom. The ecological and 

environmental condition in L. Akersvannet is poor due to high algae and cyanobacterial 

production and the high amount of nutrients (vann-nett.no; faktaark.naturbase.no).  

 

During the production season of algae and cyanobacteria, monthly water samples are collected 

from L. Akersvannet by Drainage Basin Coordinators in Horten-Larvik water area and studied. 

One of the methods used for phytoplankton studies, is inverted microscope for quantitative and 

qualitative investigations. In this method called Utermöhl´s counting technique, counting 

chambers and sedimentation tubes, chosen according to the density of plankton in the samples, 

are prepared overnight and studied with an inverted microscope at 100- or 400-times 

magnification. Despite the fact that microscopic identification can be time-consuming and in 
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need of an experienced person identifying (Chorus & Welker, 2021), it is considered a reliable 

method (Li et al., 2019a; MacKeigan et al., 2022).  

 

Even though morphological methods for cyanobacterial studies are broadly used today, 

molecular methods are promising (Chorus & Welker, 2021). Molecular and genetic methods is 

continuously getting less time-consuming, less expensive, and more commercial kits are 

available than before (Dineen et al., 2010). One promising approach for detecting cyanobacteria 

and determinate species and genera, is 16S rRNA gene metabarcoding (Li et al., 2019b). This 

approach may be executed by taking, in this case, a water sample, extract and amplify target 

DNA, and sequence and determine species and genera. The 16S rRNA gene is present in all 

bacteria, and as it is highly conserved and have a length of approximately 1500 base pairs, it is 

widely used for bacterial identification (Clarridge, 2004; Patel, 2001).  

 

This thesis will focus on investigation of cyanobacteria found in Lake Akersvannet, with two 

different approaches: a molecular genetic approach with DNA metabarcoding and a 

morphology approach with inverted light microscopy. The project will look at the possibility 

of using 16S rRNA gene metabarcoding approach to detect and analyse cyanobacteria. The 

sequencing results will be compared to the species- and genera determination of cyanobacteria 

by microscope. We will investigate if metabarcoding can supplement the current methods, how 

metabarcoding works as a tool for analysing cyanobacterial species present and if this method 

may be usable to determine taxa that are difficult to determine with microscopy. The two 

methods will be compared, their pros and cons investigated, as well as difference and overlap 

in species- and genera determination.   
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2. Material and methods 

2.1 Sampling and study site   

Water sampling for metabarcoding and microscopy analysis was conducted once a month in 

July, August, and September, respectively 1st of July, 9th of August and 14th of September 2021, 

from Lake Akersvannet (Fig. 1 and Fig. 2). The water samples were taken for investigation of 

cyanobacteria composition in L. Akersvannet. A boat was used to be able to take samples from 

approximately in the middle of the lake (Fig. 2). Morphometrical parameters for L. Akersvannet 

are presented in Table 1. Water samples for parameters such as pH and total phosphorous (TP) 

were taken and analysed by VestfoldLAB AS. Measurement of secchi depth were used to 

determine how far down in the water the mixed sample should be taken.  

 

 

Figure 1. Location of Lake Akersvannet in Southern Norway, Vestfold and Telemark County (kartverket.no).  
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Figure 2. Bathymetric map of Lake Akersvannet (akersvannet.no). The red marking indicates sampling station.   

 

Table 1. Morphometrical parameters of Lake Akersvannet (Berge (1986), norgeskart.no, vann-nett.no).  

Latitude Longitude Surface 

area (km2) 

Maximum 

depth (m) 

Average 

depth (m) 

Elevation 

(masl) 

Drainage area 

(km2) 

59.244 10.327 2,4 14 4 16 14 

 

Samples were taken as mixed samples down to twice the secchi depth, and thereafter distributed 

to 50 mL1 plastic containers for storage. For each of the sampling dates, two parallels for both 

metabarcoding and microscopic analysis were taken. Due to a possible cyanobacterial bloom 

in late August, additional water samples were collected at 5th and 14th of September. First, one 

mixed water sample was taken on 5th of September, by the Drainage Basin Coordinator in 

Horten-Larvik water area and sent to our laboratory for toxin analysis. Second, on the last 

sampling date, 14th of September, one mixed water sample and two phytoplankton samples 

were collected in addition to the water samples taken for metabarcoding and microscopy 

analysis. The two phytoplankton samples were taken to gain knowledge about cyanobacteria’s 

morphology without the effect from Lugol solution, and to gain a slight picture of which genera 

of cyanobacteria that could be found in L. Akersvannet. These samples were taken from the 

water surface, one from the middle of the lake and the other from the shore, using a 

phytoplankton net with a mesh size of 25 µm.  

 

 
1 The samples from 01.07.21 was taken by the Drainage Basin Coordinator in Horten-Larvik water area and sent 

to our laboratory. These samples were taken in 200 mL plastic containers.  
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Samples for inverted microscopic analysis (quantitative phytoplankton analysis) were added 

Lugol solution while in field, for conservation of the cells and then stored in darkness in a 

refrigerator at approximately 4 degrees Celsius. The samples for metabarcoding and toxin 

analysis were frozen at -18 to -20 degrees Celsius. Back at the laboratory, both additional 50 mL 

phytoplankton samples were separated to two smaller containers. One was stored in darkness 

at 4 degrees Celsius for microscopy analysis, while the other was frozen and thawed two times 

and used for toxin analysis using ELISA (Enzyme-Linked Immunosorbent Assay) technique. 

Phytoplankton samples for microscopy analysis were studied shortly after, during the following 

days.  

 

2.2 Toxin analysis 

For toxin analysis of microcystin and saxitoxin, mixed water sample from 5th of September and 

14th of September were analysed, as well as a net sample from 14th of September 2021. The 

mixed water samples from both dates were analysed without dilution, whereas the net sample 

were analysed as non-diluted and as 1:10 dilution. The net sample was diluted because of its 

visually green colour, which indicated high concentration of algae and cyanobacteria, and 

therefore possibly high concentration of toxins. The dilution was performed to ensure that the 

concentration of toxin was in the standard curve detection area of the kit. After the first ELISA 

analysis, the concentration of microcystin in the net samples, both diluted and non-diluted, was 

higher than standard 5 (measured to 4,3 µg/L (annex 4)) and therefore needed to be diluted even 

more. A new ELISA analysis of the net-sample was conducted, with dilutions 1:10, 1:20, 1:30, 

1:50, 1:100, 1:200.  

 

The cyanotoxins was analysed with commercial ELISA kits by ABRAXIS for microcystin 

(Microcystins/Nodularins (ADDA) ELISA kit, Lot No. 18J8148) and saxitoxin (Saxitoxin 

ELISA kit, Lot No. 19E9769) respectively. The test sensitivity of the kits provides a detection 

limit of the toxins, which for microcystin is based on microcystin-LR (MC-LR) with a limit of 

0,1 µg/L, and for saxitoxin, a detection limit of 0,015 µg/L. Standards following each kit were 

analysed, as well as two parallels for each sample. For analysis of both microcystins and 

saxitoxins, the procedure following the kits were used. The absorbance was detected with 

AccuReader M965 (Metertech), at 450 nm, and the results was exported from the program 

Grabber to an excel-sheet to make a standard curve and calculate the toxin concentrations.  
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2.3 DNA isolation and PCR 

The frozen water samples for DNA analysis were thawed and filtrated with a vacuum funnel, 

with 0,45 µm Cellulose Nitrate Membrane Filters (WhatmanTM). Seven samples were filtrated 

altogether. One sample with 100 mL water and two samples with 50 mL water from 1st of July, 

as well as two samples with 50 mL water from 9th of August and 14th of September respectively.  

For each sample, a new filter was used, and the equipment was washed with a chlorine solution. 

After filtration, each filter was placed in separate DNA Bead Tubes, and DNA isolation was 

performed by following the procedure for DNeasy PowerWater Kit by QIAGEN. After the 

DNA isolation process, the amount of DNA isolated was measured with NanoPore Lite 

Spectrophotometer (Thermo ScientificTM).  

 

After DNA isolation, 16S was amplified following the procedure for Barcoding Kit 1-24 (SQK-

16S024) by Oxford Nanopore Technologies. The kit includes primers 24F (forward primer) and 

1492R (reverse primer), where the primers numbers indicates where on the 16S gene the 

primers binds. The samples were assigned one barcode each, which came with the kit, from 

barcode 9 to 15. The enzyme LongAmpTM Hot Start Taq 2X Mastermix, by New Engand 

BioLabs ® Inc., were also added to the mix, which allows for greater PCR sensitivity. When 

following the protocol, one change was made to the PCR, by running 30 cycles instead of 25 

which the protocol states. This change was done after recommendation from the laboratory due 

to their past experiences with the barcoding kit, to ensure that enough DNA was amplified 

during the PCR. When the PCR was completed, the DNA concentration was measured with 

Qubit 3.0 Fluorometer (Life Technologies), and each sample was diluted to provide samples 

with a DNA concentration of approximately 10 ng/µL.  

 

2.4 Sequencing and metabarcoding 

Before sequencing, the samples were pooled together to one library by following the 16S 

Barcoding Kit protocol and then sequenced with MinION flow cell, version 9.4 (Oxford 

Nanopore Technologies). Nanopore sequencing has the advantage of sequencing from short to 

long reads, as each base is read continuously as they pass through the pore (Branton et al., 

2008). The flow cell measured the current for each DNA-base and the raw signals were 

translated to DNA-bases with basecalling by Guppy (Oxford Nanopore). The basecalling 

provided a FASTQ file which was filtered by length (1500 – 2000 base pairs) and quality 

(Q score > 8). The taxonomic classification system Kraken 2 (Wood et al., 2019) was used to 
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assign the taxonomy of the filtered reads to genus level by using the SILVA SSU Ref. Nr. 

99 138.1 database (Quast et al., 2012) built with Kraken 2-build. Kraken 2 provided results files 

which were combined to a single biom file by using the kraken-biom script (Dabdoub, 2016). 

The biom file was then imported to R using the import_biom command in the phyloseq R 

package (McMurdie & Holmes, 2013).  

 

2.5 Microscopic analysis 

The fresh phytoplankton samples from 14th of September, without Lugol solution, were 

qualitatively studied with an Olympus CX21 microscope with both 100 and 400 magnification, 

to get an overview of the phytoplankton community that were present in L. Akersvannet. For 

determination of phytoplankton taxa Tikkanen and Willén (1992) was used as literature.  

 

The Lugol preserved samples from 1st of July, 9th of August and 14th of September were 

prepared by filling 10 mL sedimentation chambers and set for sedimentation through the night, 

in a dark box in room temperature (Helcom, 2021). After sedimentation, the samples were 

quantitative studied with an inverted microscope (Olympus CK2), with 400 magnification. 

Plankton within 50 squares (Fig. 3) of each sample were counted, measured, and identified with 

Tikkanen and Willén (1992) as primary literature, and Komárek (2013); Blomqvist and Olsen 

(1981); Lepistö et al. (1994); Willén et al. (1985) as supporting literature. Biovolume of each 

sample was estimated in Excel with formulas from Räkningsförfarande av växtplankton vid 

laboratoriet för miljökontroll, Uppsala, by Willén et al. (1985).  

 

 

Figure 3. Illustration of the counting method used for quantitative analysis of phytoplankton samples with an inverted 

microscope. 10 squares down vertically, 10 squares horizontally and 30 squares distributed through remaining areas were 

counted. 
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2.6 Statistical analysis 

Except from the calculations of microscopic analysis in Excel, all statistical analyses were 

performed in R Studio version 4.1.2 (R Core Team, 2021), with among others, the phyloseq 

package (McMurdie & Holmes, 2013). First, all the data were imported to R and the Operational 

Taxonomic Unit (OTU) table and taxa table were transformed to a phyloseq object, by using 

phylosec() function. With the vegan library (Oksanen et al., 2020) and rarecurve() function, 

rarefaction curves were made to explore the OTU richness vs. sequencing depth. Alpha 

diversity were explored by using the plot_richness() function from the phyloseq package, while 

beta diversity were studied by doing a Principal Coordinates Analysis (PCoA) with Bray Curtis 

dissimilarity with plot_ordination() function from phyloseq package (ggplot2 package are also 

in use for this function (Wickham, 2016)). After looking at the total taxa sequenced, the dataset 

were filtered to include only taxa of Phylum = Cyanobacteria, with the subset_taxa() function. 

Alpha and beta diversity of cyanobacteria were explored with the same functions as mentioned 

above. ANOVA using the aov() function, was used to test for difference in alpha diversity 

between sampling dates. The difference in community composition between sampling dates 

was tested with PERMANOVA using the adonis () function in the vegan library. The last part 

of the statistical analyses was a test of correlation between the two methods, microscopic and 

genetic analysis. The excel datasheet from microscopic analysis were imported to R, and the 

abundance (cells/L) were tested against number of reads from the sequencing. Packages plyr 

(Wickham, 2011) and tidyverse (Wickham et al., 2019) were used for this last part. Cor.test() 

function with Spearman´s rank correlation was performed, as well as a plot of the result with 

“Relative sequence abundance” and “Estimated abundance of cyanobacteria cells/L”.  
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3. Results  

3.1 Water parameters 

Secchi depth were measured to 1,0 m at 1st of July and 9th of August, and 1,4 m at 14th of 

September 2021, meaning mixed water samples were sampled down to 2,0 m in both July and 

August, and 2,8 m in September. Selected water quality parameters (Table 2 and annex 1-3) 

include pH, conductivity, turbidity, total organic carbon (TOC), total nitrogen (Tot-N) and total 

phosphorous (TP). pH ranged between 7,7 and 8,8 through the sampling depths and dates in L. 

Akersvannet, and conductivity from 17,4 mS/m to 19,0 mS/m. Both pH and conductivity were 

quite stable in the mixed samples, while turbidity had more variety from 4,2 FNU at 6 m 14th 

of September to 21,3 FNU in the mixed sample 1st of July. TOC had a concentration from 5,6 

mg C/L to 6,2 mg C/L, while Tot-N varied some more with concentrations from 0,38 mg N/L 

to 1,0 mg N/L. TP concentration was at its lowest with 17 µg P/L at 4 m depth in August and 

highest with 96 µg P/L at 3 m depth 1st of July.  

 

Table 2. Selected water quality parameters from Lake Akersvannet in the period from July to September 2021, analysed by 

VestfoldLAB AS. Measurements were taken at different depth intervals, as well a mixed sample taken down to twice the 

secchi depth (0-2 m at 1st of July and 8th of August, and 0-2,8 m at 14th of September) per sampling date. The water quality 

parameters include pH, conductivity, turbidity, total organic carbon (TOC), total nitrogen (Tot-N) and total phosphorous 

(TP). 

Date Depth (m) pH Conductivity 

at 25 °C 

(mS/m) 

Turbidity 

(FNU) 

TOC 

(mg/L) 

Tot-N 

(mg/L) 

TP 

(µg/L) 

 

01.07.21 

0,5 8,1 17,4 18,2 6,2 0,97 70 

3 8,3 17,6 18,8 6,0 1,0 96 

6 8,4 17,6 17,1 5,7 0,96 59 

Mixed (0-2) 8,1 17,6 21,3 5,8 1,0 74 

 

09.08.21 

1 8,7 17,8 15,2 5,8 0,45 22 

4 8,8 17,8 14,8 5,7 0,38 17 

6,8 8,6 17,8 15,1 5,6 0,46 24 

Mixed (0-2) 8,3 17,9 9,5 5,7 0,45 26 

 

14.09.21 

1 8,0 18,8 6,2 6,0 0,44 45 

6 7,7 19,0 4,2 5,9 0,44 46 

Mixed (0-2,8) 7,9 18,8 6,0 6,2 0,45 43 
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3.2 Toxin analysis 

When analysing for microcystin (Table 3), the mixed water sample from 5th of September 

provided a mean concentration of 0,27 µg/L, and the mixed water sample from 14th of 

September provided a mean concentration of 0,22 µg/L. The net samples had high 

concentrations of microcystin, and only dilutions 1:100 and 1:200 showed a result within the 

standard curve (annex 6). The 1:100 diluted sample had a mean concentration of 3,2 µg/L, 

which were calculated to an actual concentration of microcystin of 324 µg/L. The 1:200 diluted 

sample showed a mean concentration of 0,99 µg/L, which were calculated to an actual 

microcystin concentration of 198 µg/L.  

 

Table 3. Microcystin concentrations from ELISA analysis of samples from L. Akersvannet from July through September 2021.  

Date Sampling type Dilution Analysis results (µg/L) 

05.09.21 Mixed water – 0,39 

– 0,15 

14.09.21 Mixed water – 0,26 

– 0,18 

14.09.21 Net sample 1:100 3,20 

1:100 3,29 

14.09.21 Net sample 1:200 0,99 

1:200 0,99 

 

The ELISA analysis of Saxitoxin, provided results ranging from 0,006 µg/L to 0,013 µg/L 

throughout the samples (annex 8). All results were below standard 1 (0,021 µg/L, annex 7) 

meaning they were outside the standard curve (annex 9). The procedure following the ELISA 

kit for Saxitoxin states that samples with concentration lower than standard 1 should be 

considered as negative for Saxitoxin.  

 

3.3 DNA isolation and PCR 

After DNA isolation of each sample, the DNA concentration measured on Nanodrop Lite varied 

from 3,0 ng/µL at 14th of September to 6,3 ng/µL 1st of July (Table 4), with a mean of 4,7 

ng/µL. The A260/A280 ratio is a calculation often used to determine the purity of the sample, 

where ∼1,8 (Thermo Fisher, 2012) is the generally accepted value for “pure” DNA. As seen in 

Table 4, the A260/A280 ratio is generally low (below 1,7) through the results. Nanodrop Lite 
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operates with a detection limit of 4,0 – 1500 ng/µL (Thermo Fisher, 2012) when analysing 

double stranded DNA (dsDNA). The results from sample F and G, is somewhat low considering 

the lower detection limit. The generally low concentration of DNA and A260/A280 ratio may 

be due to residues of polysaccharides, proteins and reagents which have not been completely 

removed and disturbs the DNA measures.  

 

Table 4. Nanodrop Lite results of DNA concentration after DNA isolation of water samples from L. Akersvannet from July 

through September 2021. The results include a “purity parameter” A260/A280. 

Date Sample A260/A280 ng/µL 

01.07.21 A 1,67 6,3 

B 1,41 4,9 

C 1,38 4,7 

09.08.21 D 1,56 5,4 

E 1,53 4,7 

14.09.21 F 1,44 3,0 

G 1,29 3,9 

 

Following the PCR procedure with primers and barcodes, the DNA concentration of the 

samples were measured with Qubit 3.0 Fluorometer. There was a large variation of measured 

DNA in the samples, with DNA concentrations from 39,8 ng/µL (sample G, 14th of September) 

to 370 ng/µL (sample D, 9th of August) (Table 5). Three samples had results < 100 ng/µL, while 

four samples had results > 100 ng/µL.  

 

Table 5. Qubit 3.0 results of DNA concentration after PCR of water samples from L. Akersvannet from July through 

September 2021.  

Date Sample Barcode  Sample concentration ng/µL 

 

01.07.21 

A 9 284 

B 10 59,2 

C 11 171 

09.08.21 D 12 370 

E 13 155 

14.09.21 F 14 62,6 

G 15 39,8 
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3.4 Sequencing and metabarcoding 

The 16S gene metabarcoding yielded 2675 OTUs, of which 2663 were the kingdom of bacteria. 

The main phylum was proteobacteria, which is a large phylum of gram-negative bacteria. Out 

of the total 2675 OTUs, 2394 OTUs were assigned a family level, and 1940 OTUs were 

assigned a genus level. When sequencing, the different samples will have different number of 

reads (Fig. 4). The plot includes all the sequenced taxa, without rarefying of the data, and the 

sequencing depth ranged between 216 782 – 447 736 reads per sample.  Barplot of the 10 most 

abundant phylum (Fig. 5) show a great amount of cyanobacteria in barcode 12 – 15, which are 

samples from 9th of August and 14th of September 2021.  

 

 

Figure 4. Barplot of variation in sequencing depth of all taxa from the sequenced water samples from July through September 

2021 at Lake Akersvannet, made in R studio. The barcodes are placed in ascending order, based on the sequencing depth of 

each barcode.  
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Figure 5. Barplot showing 10 most abundant cyanobacteria by phylum found in Lake Akersvannet in the sampling period July 

through September 2021.  

 

Analysis of alpha diversity measures (Fig. 6) were done to investigate the diversity within the 

samples, and includes plots of observed, Chao1 index and Shannon index. The plot of observed, 

shows the number of species found in each sample and the colours indicates the date of 

sampling. The Chao1 index is an estimate of species richness and are reflections of the OUT 

abundance in the samples. The higher value Chao1 presents, the higher the expected species 

richness of the community. Results from Chao1 showed highest expected species richness in 

barcode 13, 14 and 15, and the lowest in barcode 9, 10, 11 and 12. Shannon index tells how 

diverse and even the species in the given community are, and the number will rise with number 

of species and the evenness of the species abundance. The Shannon plot shows that the samples 

from 1st of July had the highest diversity and evenness of taxa, even though the observed 

number of species and the expected species richness were lowest. In the plot of Shannon, the 

barcodes are relatively separated by date.  
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Figure 6. Plot of alpha diversity measures, i.e., observed, Chao1 and Shannon, interpreted on total taxa sequenced from water 

samples from July through September 2021 September at L. Akersvannet. The colours represent the sampling date for each of 

the barcodes. The plot of observed is merely a plot of the observed number of species in each sample. The Chao1 plot reflects 

the OTU abundance in each barcode, where a high value indicates high expected species richness. The Shannon plot reflects 

the evenness of OTUs in each barcode. 

 

After studying the diversity within the samples, phyloseq were used to investigate the diversity 

between the samples, called beta diversity. Axis 1 at the PCoA plot (Fig. 7) separates the 

samples from July from the other two dates with an explanation of 72,2 %. Axis 2 separates the 

samples from August from the samples from September with an explanation of 16,3 %.  
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Figure 7. Plot of PCoA with Bray Curtis dissimilarity, on the total taxa sequenced from water samples taken at L. Akersvannet 

from July through September 2021. Axis 1 separates the parallels from July from the two other dates, and axis 2 separates the 

parallels from August and September.  

 

Cyanobacterial diversity 

Out of the 2663 OTUs identified as bacteria, 9 % were cyanobacteria, that is 227 OTUs. The 

main families of cyanobacteria were Nostocaceae (52 OTUs), Microcystaceae (19 OTUs), 

Chroocoocidiopsaceae (11 OTUs), Cyanobacteriaceae (11 OTUs) and Phormidiaceae 

(11 OTUs). There were also 14 OTUs which did not get assigned a family level. A total of 157 

cyanobacteria genera were sequenced, including known toxin-producing genera as Anabaena, 

Dolichospermum, Aphanizomenon, Nodularia and Microcystis. After filtering out all but 

cyanobacteria, the sequencing depth (Fig. 8) ranged between 4926 – 186 098 reads per sample. 

Barplot of the 10 most abundant genera (Fig. 9) show Snowella and Microcystis as most 

abundant genera.  
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Figure 8. Barplot of variation in number of reads of the barcodes, including only cyanobacterial taxa sequenced from water 

samples taken at L. Akersvannet during July through September 2021. The barcodes are placed in ascending order, based on 

the sequencing depth of each barcode.  

 

 

Figure 9. Barplot showing 10 most abundant cyanobacteria by genus found in Lake Akersvannet in the sampling period July 

through September 2021. Due to the low sequencing depth of barcode 9 - 11, these barplots have quite low abundance 

compared to the rest of the barcodes. 
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Rarefaction curves (Fig. 10) are plots presenting the number of species against sample size and 

gives a picture of the species richness in the samples. The rarefaction curve of the cyanobacteria 

in the samples shows a steep start where the most common species are found, also where 

barcodes 9, 10 and 11 stopped, and then the curve flattens slightly, where barcodes 12, 14 and 

15 are found. Barcode 13 has the longest curve, therefore most species found, including rare 

species. Based on the curve, one cannot predict how the curves of barcodes 9, 10 and 11 would 

look like with larger sample size, but barcodes 12, 14 and 15 seems to have a relatively similar 

curve as barcode 13, indicating that the diversity is comparable.  

 

 

Figure 10. Rarefaction curve i.e., OUT richness vs. sequencing depth of cyanobacterial taxa sequenced from water samples 

taken during July through September 2021 at L. Akersvannet. Barcodes 9, 10 and 11 are found in the steep start where the 

most common species are found, barcodes 12, 14 and 15 are found after the curve starts flattening with a sample size at 

approximately 100 000, and barcode 13 have the longest curve with the largest sample size > 150 000.  

 

As for the complete sequenced taxa, alpha diversity measures of the cyanobacteria taxa 

(Fig. 11) were implemented. In all plots, the parallels within each date are grouped close 

together. The plot of observed species shows results where the sampling from 1st of July have 

almost half the observed species as the other two dates. Chao1 results show highest expected 

species richness in the samples from 9th of August and 14th of September. As for the total taxa, 

the Shannon index shows the highest evenness in the samples from 1st of July. The alpha 
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diversity (i.e., observed, Chao1 and Shannon) at the different sampling dates were visualized 

using box plots (Fig.12). All the box plots illustrate that the samples from July have the largest 

distance from the other sampling dates.  

 

 

Figure 11. Plot of alpha diversity measures i.e., observed, Chao1 and Shannon for cyanobacteria taxa from water samples 

taken at L. Akersvannet July through September 2021. The colours represent the sampling date for each of the barcodes. The 

plot of observed is merely a plot of the observed number of species in each sample. The Chao1 plot reflects the OTU abundance 

in each barcode, where a high value indicates high expected species richness. The Shannon plot reflects the evenness of OTUs 

in each barcode. 
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Figure 12. Boxplot of alpha diversity measures i.e., observed, Chao1 and Shannon, of cyanobacteria taxa sequenced from 

water samples taken in July through September 2021 at Lake Akersvannet. 

 

The one-way ANOVA test (Table 6) gave p-values < 0,05 for observed, Chao1 and Shannon 

which indicates a significant difference between the sampling dates. The one-way ANOVA 

does not say anything about which pairs of groups are significantly different, but the boxplots 

indicates that the samples from July are significantly different from the samples from August 

and September. Tukey multiple comparisons of means (annex 11) of observed, Chao1 and 

Shannon, confirmed the assumptions made from boxplots and demonstrated that there was no 

significant difference between the samples from August and September in neither of the plots.  

 
Table 6. One-way ANOVA test of alpha diversity measures, i.e., observed, Chao1 and Shannon, of cyanobacteria taxa 

sequenced from water samples taken in July through September 2021 at Lake Akersvannet. The Pr(>F) value corresponds to 

the p-value of the test, and the results shows all the alpha diversity measures have a p-value < 0,05.   

 Df Sum sq. Mean sq. F-value Pr(>F) 

Observed 

Date 2 15030 7515 155,2 0,000162 

Residuals 4 194 48   

Chao1 

Date 2 9747 4874 21,03 0,00754 

Residuals 4 927 232   

Shannon 

Date 2 0,28875 0,14437 93,88 0,000435 

Residuals 4 0,00615 0,00154   
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After analyses of alpha diversity measures, calculation of beta diversity by ordination analysis 

were conducted. Axis 1 at the PCoA plot (Fig. 13) separates the July samples from the other 

sampling dates with an explanation of 69,4 %. Axis 2 separates the August samples from the 

September samples with an explanation of 16,5 %.  

 

 
Figure 13. PCoA plot with Bray Curtis dissimilarity, on cyanobacteria sequenced from water samples taken in July – 

September 2021 at Lake Akersvannet. Axis 1 explains 69,4 % of the difference between July and the other two dates, and axis 

2 explains 16,5 % of the difference between August and September.  

 

Following up on the beta diversity analysis, a Permutation Based Analysis of Variance 

(PERMANOVA) test were used to test for significant difference in community composition 

between the sampling dates, based on Bray Curtis dissimilarity. In this case, the test was used 

to see if date was a significant variable which determines the community. PERMANOVA test 

includes calculations of R2 value and p-value. R2 calculations were at 0,85, meaning that 85 % 

of the variance can be explained by date. The p-value from the PERMANOVA test were 0,01, 

which indicates that there is a significant dissimilarity between the groups.  

 

3.5 Microscopic analysis 

The inverted microscope analysis provided results of total volume of phytoplankton with 

1,5 mm3/L at 1st of July, 3,4 mm3/L at 9th of August, and 2,3 mm3/L at 14th of September (Table 

7, full results in annex 12-14). The cyanobacteria abundance varied during the sampling dates. 
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In the first sample in July 2021, 83 % of the total phytoplankton volume was cyanobacteria. In 

August and September, the result was at 28 % and 24 %, respectively.  

 

Table 7. Total volume of phytoplankton and cyanobacteria (volume and %) in L. Akersvannet 2021 in the period from July to 

September 2021 based on microscopic analysis. The results includes both volume mm3/L and cells/L.  

Date  Volume mm3/L Cells/L 

01.07.21 Total phytoplankton 1,5 25 056 089 

Cyanobacteria 1,2 13 044 552 

% Cyanobacteria 83 % 52 % 

09.08.21 Total phytoplankton 3,4 28 260 000 

Cyanobacteria 0,93 17 759 840 

% Cyanobacteria 28 % 63 % 

14.09.21 Total phytoplankton 2,3  23 537 440 

Cyanobacteria 0,55 8 691 520 

% Cyanobacteria 24 % 37 % 

 

A total of eleven cyanobacteria taxa were identified with microscopy, seven cyanobacteria 1st of 

July, seven cyanobacteria 9th of August, and six cyanobacteria taxa 14th of September. Four of 

the cyanobacteria taxa, were found in samples from all three dates: Woronichinia compacta, 

Snowella lacustris, Snowella septentrionalis and Aphanizomenon sp. 

 

The cyanobacteria with highest density (volume/L) 1st of July were Aphanizomenon sp. which 

consituted 78 % of the total cyanobacterial volume. On the 9th of August Microcystis 

wesenbergii had highest density with 36 % of total volume, and at 14th of September 

Aphanizomenon sp. were dominant constituting 46 % of total volume.  

 

3.6 Comparing 16S rRNA gene metabarcoding and light microscopy 

Direct comparisons between the 16S rRNA gene metabarcoding and light microscopy by 

number of reads and estimated abundance of cyanobacteria (cells/L) were done. The 

Spearman´s rank correlation test provided p-value of 0,006 and a rho of 0,8. The p-value 

indicate that there is a significant correlation between the two methods, and the rho indicates 

that the correlation is strong. A plot (Fig. 14) was made to visualize the results from the 

Spearman´s rank correlation test. The metabarcoding approach did not assign any cyanobacteria 

at species level, so the plot of correlation includes only genus name. Snowella genera are all 
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seen to be found middle right in the plot, whereas Dolichospermum and Aphanizomenon are 

found bottom left. The Spearman´s rank correlation test provided results of strong and 

significant correlation, even with the outlier “Microcystis 09.08.2021”.  

 

 

Figure 14. Correlation between relative sequence abundance and estimated abundance of cyanobacteria (cells/L) in water 

samples from L. Akersvannet taken in July through September 2021. Microcystis 09.08.2021 seems to be an outlier, whereas 

the rest of the plot looks more correlating. 
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4. Discussion 

16S rRNA gene metabarcoding of water samples from Lake Akersvannet collected in the period 

of July through September 2021, provided a total of 157 genera of cyanobacteria. None of the 

sequenced cyanobacteria were assigned at species level. Out of the eleven cyanobacterial taxa, 

found with microscopy, only two were not found with metabarcoding. As a tool for analysing 

cyanobacteria, metabarcoding yielded a broader spectre of genera than microscopy. Correlation 

test revealed a strong and significant correlation between the methods.   

 

Cyanobacteria were found in varying amounts in all samples from Lake Akersvannet, using 

both microscopic and metabarcoding approach. When the samples were collected in September, 

there was a visible bloom in the lake and colonies could be seen floating at the shore. Water 

quality parameters were analysed to investigate the environmental conditions. Concentration of 

total phosphorus can be used as a classification parameter for the trophic state of lakes (Chorus 

& Welker, 2021). A study by Vuorio et al. (2020) showed that cyanobacteria in general needs 

a TP level of approximately 20 µg/L for the biomass to strongly increase. Except from one 

sample, taken 9th of August at 4 m depth, all samples showed a TP concentration > 20 µg/L. 

According to the results, Lake Akersvannet can be given the classification of mesotrophic 

(10 – 35 µg TP/L) at 9th of August 2021, and eutrophic (35 – 100 µg TP/L) (Chorus & Welker, 

2021) at 1st of July and 14th of September 2021.  

 

Cyanobacteria in the environment can include both toxin-producing and non-producing strains 

(Davis et al., 2009), and cyanotoxins are not necessarily present in a bloom (Solheim et al., 

2020). Microcystin analysis of net samples (table 3) provided results above WHOs provisional 

guideline for drinking water (1 µg microcystin/L) and waters for recreational use (24 µg 

microcystin/L). The most important difference between the mixed water samples and net 

samples, are the sampling method. When using a net, the accumulation of cyanobacteria will 

be larger as the method is used specifically for collecting phytoplankton. This is in opposite to 

the mixed water sampling which does not concentrate the sample and collects water from 

surface down to twice the secchi depth. Natural movement in the lake and wind, are factors 

which may have affected the buoyant cyanobacteria to accumulate at the shore. Investigation 

with microscopy and metabarcoding confirmed that well known microcystin producers were 

present in Lake Akersvannet, such as Dolichospermum sp. and Microcystis sp.  
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All samples were considered as negative for saxitoxin, as the concentrations were all below 

standard 1 (0,021 µg/L) of the saxitoxin ELISA kit. These results indicates that the known 

saxitoxin producers found with metabarcoding and microscopy, Aphanizomenon sp. and 

Dolichospermum sp., were probably non-producing strains. A similar situation was seen during 

the bloom in the late July in 2019 in Lake Mjøsa (eastern Norway), where Dolichospermum 

lemmermannii were the dominating species, but no cyanotoxins were detected (Solheim et al., 

2020).  

 

When studying communities of microorganisms, it is common to rarefy the reads from each 

sample (McMurdie & Holmes, 2014), in order to standardize the sample size. However, given 

the relatively even number of sequence reads found in all samples and the potential bias 

rarefaction may introduce (McMurdie & Holmes, 2014) it was decided not to rarefy the 

samples.  

 

Diversity measures showed a large difference in cyanobacterial taxa depending on sampling 

date, in particular the samples from July were significantly different from the other sampling 

dates (Fig. 11-12, and annex 8-9). July samples scored highest on evenness, indicating a 

community where the species have similar abundance. Samples from August and September 

scored high on estimated species richness but low on evenness, indicating that there are a few 

dominating species in the community. Changes in the algal and cyanobacterial community may 

occur due to natural cycles in the lake, changes in weather or supply of nutrients, as 

cyanobacteria species compete with each other and other phytoplankton for the available lights 

and nutrients (Chorus & Welker, 2021).  

 

Microscopic identification of cyanobacteria is a traditional method still used today (Li et al., 

2019a; MacKeigan et al., 2022), but phenotypic variations can be misleading (Li et al., 2019b) 

and the method needs an experienced person identifying (Chorus & Welker, 2021). Positive 

result of microcystin from the toxin analysis from 14th of September, contributed to 

expectations of finding microcystin producing cyanobacteria in samples from this date. 

Microcystis were not found on this date (only with metabarcoding), but Dolichospermum 

crassum (Anabaena crassa) and Dolichospermum lemmermannii (Anabaena lemmermannii) 

were found. Microcystis are small cells, there is a possibility that they have been placed outside 

the squares counted, or that there has been a personal error of misidentification. 

Misidentification and being able to recognise the different cyanobacteria and phytoplankton, 
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are one of the challenges of species determination with light microscopy (Li et al., 2019b). A 

factor which can complicate the identification of the cells, are the possibility of cells and 

colonies laying on top of each other due to the sedimentation process. This may cause error in 

counting, which can give a wrong biovolume, and error in species identification as the stacking 

of cells can “change” the look of the cells. Other factors that contribute to identification 

challenges are the fact that the morphology of colonies may change naturally throughout the 

seasonal cycle, as well as fixation with Lugol solution may disintegrate the distribution of 

aerotopes within the cells (Chorus & Welker, 2021).  

 

The results of the quantitative microscopy analyses of cyanobacteria were presented as volume 

(mm3/L) in the results but can also be presented by abundance (cells/L). When looking at the 

most frequently occurring cyanobacteria by cells/L, the result from each date will change as 

this approach only consider the number of cells, not their volume. For example, Microcystis 

aeruginosa were most frequent with 30 % of cells/L 1st of July, compared to Aphanizomenon 

sp. which dominated 78 % of the volume the same date. There is a large size gap between these 

two species, with Microcystis aeruginosa having a cell diameter of 4-6 µm, while 

Aphanizomenon can be up to 150 µm long (Tikkanen & Willén, 1992). These facts explain the 

change of dominating species when comparing number of cells/L and biovolume.  

 

Direct comparisons of the results from 16S rRNA metabarcoding and inverted light microscopy 

was one of the main focuses of investigation in this thesis. Spearman´s rank correlation test 

showed that there was a significant correlation between the methods and that the correlation 

was strong. Visualization by plot (Fig. 14) showed “Microcystis 09.08.21” as a possible outlier, 

due to the high abundance of cells/L. A possible explanation for this might be because the 

correlation was made at genus level, meaning that the abundance of Microcystis aeruginosa 

and Microcystis wesenbergii from microscopy analysis were merged. The total estimated 

abundance of Microcystis from 9th of August constituted 55 % of the total cyanobacteria cells/L.  

 

Out of the eleven cyanobacteria taxa identified using light microscopy, nine of them were also 

found with metabarcoding, with Woronichinia compacta and Planktolyngbya as exceptions. 

Metabarcoding yielded a broader spectre of identified cyanobacteria than light microscopy, 

with genera such as Nodularia and Planktothrix, which are genera formerly found in Norway 

(Samdal et al., 2021). Nodularia are mostly found in brackish and coastal waters (Chorus & 

Welker, 2021), but are found in a fresh water lake in Turkey (Akcaalan et al., 2009). Anabaena 
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and Dolichospermum were both identified with metabarcoding. Most of the planktonic 

members of Anabaena are now included in the genus of Dolichospermum, but some specific 

isolates are still known as Anabaena (Li et al., 2016). Chorus and Welker (2021) confirmed that 

the Dolichospermum species identified with light microscope are indeed included in the 

Dolichospermum genus, despite the fact that some of the older literature used for species 

determination, for example Tikkanen and Willén (1992) uses Anabaena. Such change in 

taxonomy classification may be a source of challenge with metabarcoding if the reference 

sequence databases are not updated continuously with new species or change of names 

(MacKeigan et al., 2022).  

 

Barplot of 10 most abundant genera (Fig. 9) identified with metabarcoding showed that 

Aphanizomenon were among top 10, but still seemed to be underrepresented compared to the 

microscopy results where Aphanizomenon had highest density at two of three dates. This may 

be explained by the measurement of total cells/L versus total volume/L. The results from 

microscopic analysis were presented with volume/L, in which Aphanizomenon were 

dominating due to the large volume of each individual cell. The percentage of Aphanizomenon 

were much lower looking at the abundance, ranging between 2,1 % of total cells/L at 9th of 

August and 12,5 % of total cells/L at 1st of July, which could be a reason of low abundance in 

metabarcoding results. It is formerly found that some strains of planktic Anabaena were 

indistinguishable from Aphanizomenon due to clustering of strains (Sarma, 2013). Five 

Anabaena strains and two Aphanizomenon strains were found with metabarcoding approach, 

and a clustering of strains could explain the low abundance of Aphanizomenon. Another 

explanation may be that the method used to isolate DNA were not optimal for Aphanizomenon 

genera. Tillett and Neilan (2000) proposed xanthogenate-SDS nucleic acid isolation as a 

method yielding high quality DNA of cyanobacteria, including strains of Aphanizomenon 

flosaquae.   
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5. Conclusion 

This thesis provided results where the metabarcoding approach found nine out of eleven 

cyanobacteria demonstrated by light microscope and did also identify a greater spectre of 

cyanobacteria than light microscopy. Other studies as MacKeigan et al. (2022) and Li et al. 

(2019b) both specified that metabarcoding approach detected more species and more rare taxa 

than with morphological identification. Spearman´s rank correlation test resulted in a 

significant and strong correlation between the methods. Both methods have their pros and cons. 

With microscopic approach, several cyanobacteria were identified down to species level, and 

calculations of biovolume provided a good picture of the lakes condition. The metabarcoding 

approach identified more cyanobacteria genera than the microscopic approach, but the taxa 

were not assigned at species level. Abundance of Aphanizomenon from metabarcoding seemed 

to be underrepresented compared to the microscopy results, and if this is due to difficulty 

isolating DNA, a more specific method is needed. To improve the understanding of 

cyanobacterial communities, a combination of methods using genetics and morphology are 

hopeful (Li et al., 2019b). Based on the results in this thesis, the use of DNA metabarcoding 

and light microscopy may work well as complementary methods, rather than one replacing the 

other.  

 

 

  



 29 

References 

Aamodt, G., Svendsen, C., Tryland, I., Steinberg, M., Lund, V., Samdal, I. A., Oskarsson, A., 

Arp, H. P., Eklo, O. M., Rudjord, A. L., Jenssen, P. D., & Bernhoft, A. (2021). Norsk 

drikkevann og folkehelse – en kunnskapsoppsummering. VANN, 2.  

 

Adams, D. G. (2000). Heterocyst formation in cyanobacteria. Current opinion in 

microbiology, 3(6), 618-624. https://doi.org/10.1016/S1369-5274(00)00150-8  

 

Akcaalan, R., Mazur-Marzec, H., Zalewska, A., & Albay, M. (2009). Phenotypic and 

toxicological characterization of toxic Nodularia spumigena from a freshwater lake in 

Turkey. Harmful Algae, 8(2), 273-278. https://doi.org/10.1016/j.hal.2008.06.007  

 

Behrenfeld, M. J., Halsey, K. H., & Milligan, A. J. (2008). Evolved physiological responses 

of phytoplankton to their integrated growth environment. Philosophical Transactions 

of the Royal Society B: Biological Sciences, 363(1504), 2687-2703. 

https://doi.org/10.1098/rstb.2008.0019  

 

Berge, D. (1986). Bruksplan for Akersvannet. Bakgrunnsundersøkelser og forslag til tiltak. 

http://hdl.handle.net/11250/204515  

 

Blomqvist, P., & Olsen, P. (1981). Växtplanktonkompendium. Uppsala.  

 

Branton, D., Deamer, D. W., Marziali, A., Bayley, H., Benner, S. A., Butler, T., Di Ventra, 

M., Garaj, S., Hibbs, A., Huang, X., Jovanovich, S. B., Krstic, P. S., Lindsay, S., Ling, 

X. S., Mastrangelo, C. H., Meller, A., Oliver, J. S., Pershin, Y. V., Ramsey, J. M., …, 

& Schloss, J. A. (2008). The potential and challenges of nanopore sequencing. Nature 

biotechnology, 26(10), 1146-1153. https://doi.org/10.1038/nbt.1495  

 

Capone, D. G., Burns, J. A., Montoya, J. P., Subramaniam, A., Mahaffey, C., Gunderson, T., 

Michaels, A. F., & Carpenter, E. J. (2005). Nitrogen fixation by Trichodesmium spp.: 

An important source of new nitrogen to the tropical and subtropical North Atlantic 

Ocean. Global Biogeochemical Cycles, 19(2). https://doi.org/10.1029/2004GB002331  

 



 30 

Carmichael, W. W. (2001). Health Effects of Toxin-Producing Cyanobacteria: “The 

CyanoHABs”. Human and Ecological Risk Assessment: An International Journal, 

7(5), 1393-1407. https://doi.org/10.1080/20018091095087  

 

Carmichael, W. W., Azevedo, S., An, J. S., Molica, R., Jochimsen, E. M., Lau, S., Rinehart, 

K. L., Shaw, G. R., & Eaglesham, G. K. (2001). Human fatalities from cyanobacteria: 

chemical and biological evidence for cyanotoxins. Environmental health perspectives, 

109(7), 663-668. https://doi.org/10.1289/ehp.01109663  

 

Cheung, M. Y., Liang, S., & Lee, J. (2013). Toxin-producing cyanobacteria in freshwater: A 

review of the problems, impact on drinking water safety, and efforts for protecting 

public health. Journal of Microbiology, 51(1), 1-10. https://doi.org/10.1007/s12275-

013-2549-3  

 

Chorus, I., & Welker, M. (2021). Toxic cyanobacteria in water: a guide to their public health 

consequences, monitoring and management. Taylor & Francis. 

https://doi.org/10.1201/9781003081449  

 

Clarridge, J. E. (2004). Impact of 16S rRNA Gene Sequence Analysis for Identification of 

Bacteria on Clinical Microbiology and Infectious Diseases. Clinical Microbiology 

Reviews, 17(4), 840-862. https://doi.org/10.1128/CMR.17.4.840-862.2004  

 

Codd, G. A., Lindsay, J., Young, F. M., Morrison, L. F., & Metcalf, J. S. (2005). Harmful 

cyanobacteria. In J. Huisman, H. C. Matthijs, & P. M. Visser (Eds.), Harmful 

cyanobacteria, Aquatic Ecology Series (Vol. 3, pp. 1-23). Springer. 

https://doi.org/10.1007/1-4020-3022-3_1  

 

Dabdoub, S. (2016). kraken-biom v.1.0.1. https://github.com/smdabdoub 

 

Davis, T. W., Berry, D. L., Boyer, G. L., & Gobler, C. J. (2009). The effects of temperature 

and nutrients on the growth and dynamics of toxic and non-toxic strains of 

Microcystis during cyanobacteria blooms. Harmful Algae, 8(5), 715-725. 

https://doi.org/10.1016/j.hal.2009.02.004  

 



 31 

Dineen, S. M., Aranda IV, R., Anders, D. L., & Robertson, J. M. (2010). An evaluation of 

commercial DNA extraction kits for the isolation of bacterial spore DNA from soil. 

Journal of applied microbiology, 109(6), 1886-1896. https://doi.org/10.1111/j.1365-

2672.2010.04816.x  

 

Helcom. (2021). Guidelines for monitoring of phytoplankton species composition abundance 

and biomass. https://helcom.fi/wp-content/uploads/2020/01/HELCOM-Guidelines-

for-monitoring-of-phytoplankton-species-composition-abundance-and-biomass.pdf 

 

Komárek, J. (2013). Cyanoprokaryota, Heterocytous Genera (Vol. 19, Pt. 3). Springer 

Spektrum.  

 

Lepistö, L., Cronberg, G., & Tikkanen, T. (1994). Records of some algal species: Nordic 

Phytoplankton Workshop 7. Finnish Environment Institute : Edita, jakaja.  

 

Li, H., Alsanea, A., Barber, M., & Goel, R. (2019a). High-throughput DNA sequencing 

reveals the dominance of pico-and other filamentous cyanobacteria in an urban 

freshwater Lake. Science of the total environment, 661, 465-480. 

https://doi.org/10.1016/j.scitotenv.2019.01.141  

 

Li, X., Dreher, T. W., & Li, R. (2016). An overview of diversity, occurrence, genetics and 

toxin production of bloom-forming Dolichospermum (Anabaena) species. Harmful 

Algae, 54, 54-68. https://doi.org/10.1016/j.hal.2015.10.015  

 

Li, X., Huo, S., Zhang, J., Ma, C., Xiao, Z., Zhang, H., Xi, B., & Xia, X. (2019b). 

Metabarcoding reveals a more complex cyanobacterial community than morphological 

identification. Ecological Indicators, 107, 105653. 

https://doi.org/10.1016/j.ecolind.2019.105653  

 

Liu, Q., Zhang, Y., Wu, H., Liu, F., Peng, W., Zhang, X., Chang, F., Xie, P., & Zhang, H. 

(2020). A review and perspective of eDNA application to eutrophication and HAB 

control in freshwater and marine ecosystems. Microorganisms, 8(3). 

https://doi.org/10.3390/microorganisms8030417  

 



 32 

MacKeigan, P. W., Garner, R. E., Monchamp, M.-È., Walsh, D. A., Onana, V. E., Kraemer, 

S. A., Pick, F. R., Beisner, B. E., Agbeti, M. D., & Barbosa da Costa, N. (2022). 

Comparing microscopy and DNA metabarcoding techniques for identifying 

cyanobacteria assemblages across hundreds of lakes. Harmful Algae, 113. 

https://doi.org/10.1016/j.hal.2022.102187  

 

McMurdie, P. J., & Holmes, S. (2013). phyloseq: An R package for reproducible interactive 

analysis and graphics of microbiome census data. PLoS ONE, 8, e61217, Article 4. 

https://doi.org/10.1371/journal.pone.0061217  

 

McMurdie, P. J., & Holmes, S. (2014). Waste not, want not: why rarefying microbiome data 

is inadmissible. PLoS computational biology, 10(4), e1003531. 

https://doi.org/10.1371/journal.pcbi.1003531  

 

Moss, B., Kosten, S., Meerhoff, M., Battarbee, R. W., Jeppesen, E., Mazzeo, N., Havens, K., 

Lacerot, G., Liu, Z., & De Meester, L. (2011). Allied attack: climate change and 

eutrophication. Inland Waters, 1(2), 101-105. https://doi.org/10.5268/IW-1.2.359  

 

Nashoug, O. (1999). Vannkvaliteten i Mjøsa – før og nå. Mjøsovervåkingen gjennom 25 år. 

https://www.lillehammer.kommune.no/getfile.php/2730778.1850.arsswruqfp/Mjøsove

rvåkningen+gjennom+25+år.pdf 

 

Oksanen, J., Blanchet, F. G., Friendly, M., Kindt, R., Legendre, P., McGlinn, D., Minchin, P. 

R., O'Hara, R. B., Simpson, G. L., Solymos, P., Stevens, M. H. H., Szoecs, E., & 

Wagner, H. (2020). vegan: Community Ecology Package. In https://CRAN.R-

project.org/package=vegan 

 

Oliver, R. L., Hamilton, D. P., Brookes, J. D., & Ganf, G. G. (2012). Physiology, blooms and 

prediction of planktonic cyanobacteria. In Ecology of cyanobacteria II (pp. 155-194). 

Springer. https://doi.org/10.1007/978-94-007-3855-3_6  

 

Paerl, H. W., & Huisman, J. (2009). Climate change: a catalyst for global expansion of 

harmful cyanobacterial blooms. Environmental microbiology reports, 1(1), 27-37. 

https://doi.org/10.1111/j.1758-2229.2008.00004.x  



 33 

 

Patel, J. B. (2001). 16S rRNA gene sequencing for bacterial pathogen identification in the 

clinical laboratory. Molecular diagnosis, 6(4), 313-321. 

https://doi.org/1O.1054/modi.2001.29158  

 

Quast, C., Pruesse, E., Yilmaz, P., Gerken, J., Schweer, T., Yarza, P., Peplies, J., & Glöckner, 

F. O. (2012). The SILVA ribosomal RNA gene database project: improved data 

processing and web-based tools. Nucleic acids research, 41(D1), D590-D596. 

https://doi.org/10.1093/nar/gks1219  

 

Samdal, I. A., Ballot, A. H., Boahene, N. Y., Eriksen, G. S., Flø, D., Haande, S., Svendsen, 

C., Amlund, H., Beyer, J., Brantsæter, A. L., Bremer, S., Mariussen, E., Thomsen, C., 

& Knutsen, H. K. (2021). Cyanobakterier og cyanotoksiner i norske drikkevannskilder 

- (VKM) (2535-4019).  

 

Sarma, T. A. (2013). Handbook of Cyanobacteria. Taylor & Francis. 

https://doi.org/10.1201/b14316  

 

Skulberg, O. M., Carmichael, W. W., Codd, G. A., & Skulberg, R. (1993). Taxonomy of toxic 

Cyanophyceae (cyanobacteria). In I. R. Falconer (Ed.), Algal toxins in seafood and 

drinking water (pp. 145-164). Academic Press, New York. 

https://doi.org/10.1016/C2009-0-03252-8  

 

Solheim, A. L., Thrane, J.-E., Skjelbred, B., Økelsrud, A., Håll, J. P., & Kile, M. R. (2020). 

Tiltaksorientert overvåking i vannområde Mjøsa. Årsrapport for 2019 (8257772267). 

(NIVA-rapport, Issue. https://hdl.handle.net/11250/2653029 

 

Thermo Fisher, S. I. (2012). Thermo Scientific NanoDrop Products, NanoDrop Lite User 

Guide.  

 

Tikkanen, T., & Willén, T. (1992). Växtplanktonflora. Naturvårdsverket.  

 



 34 

Tillett, D., & Neilan, B. A. (2000). Xanthogenate nucleic acid isolation from cultured and 

environmental cyanobacteria. Journal of phycology, 36(1), 251-258. 

https://doi.org/10.1046/j.1529-8817.2000.99079.x  

 

Vuorio, K., Järvinen, M., & Kotamäki, N. (2020). Phosphorus thresholds for bloom-forming 

cyanobacterial taxa in boreal lakes. Hydrobiologia, 847(21), 4389-4400. 

https://doi.org/10.1007/s10750-019-04161-5  

 

Wickham, H. (2011). The Split-Apply-Combine Strategy for Data Analysis. Journal of 

Statistical Software, 40(1), 1—29, Article 1. https://doi.org/10.18637/jss.v040.i01  

 

Wickham, H. (2016). ggplot2: Elegant Graphics for Data Analysis Springer Nature New 

York. https://doi.org/10.1007/978-3-319-24227-4  

 

Wickham, H., Averick, M., Bryan, J., Chang, W., McGowan, L. D. A., François, R., 

Grolemund, G., Hayes, A., Henry, L., Hester, J., Kuhn, M., Pedersen, T. L., Miller, E., 

Bache, S. M., Müller, K., Ooms, J., Robinson, D., Seidel, D. P., Spinu, V., …, & 

Yutani, H. (2019). Welcome to the tidyverse. Journal of Open Source Software, 4, 

1686, Article 43. https://doi.org/10.21105/joss.01686  

 

Willén, E., Pejler, Y., & Tirén, M. (1985). Räkningsförfarande av växtplankton vid 

laboratoriet för miljökontroll, Uppsala.  

 

Wood, D. E., Lu, J., & Langmead, B. (2019). Improved metagenomic analysis with Kraken 2. 

Genome Biology, 20, 257. https://doi.org/10.1186/s13059-019-1891-0  

 

 

References from internet 

Vann-nett (2022) Akersvannet. Read: 15.03.2022. http://vann-nett.no/portal/#/waterbody/014-

314-L 

 

Miljødirektoratet (n.d.) Akersvannet naturreservat. Read: 15.03.2022. 

http://faktaark.naturbase.no/?id=VV00001142 

 

http://vann-nett.no/portal/#/waterbody/014-314-L
http://vann-nett.no/portal/#/waterbody/014-314-L
http://faktaark.naturbase.no/?id=VV00001142


 35 

Akersvannet Grunneierlag (n.d.) Akersvannet: et sted for naturopplevelse og rekreasjon. 

Read: 21.03.2022. http://akersvannet.no/?page_id=147  

 

  

http://akersvannet.no/?page_id=147


 36 

Annexes  

Annex 1: Analysis result of selected water parameters sampled from VestfoldLAB AS 

sampled 1st of July 2021 (Norwegian) 

Annex 2: Analysis result of selected water parameters sampled from VestfoldLAB AS 

sampled 9th of August 2021 (Norwegian) 

Annex 3: Analysis result of selected water parameters sampled from VestfoldLAB AS 

sampled 14th of September 2021 (Norwegian) 

Annex 4: Results of standards from ELISA analysis of microcystin, including absorbance and 

results in µg/L 

Annex 5: Results of samples from ELISA analysis of microcystin in net samples from 14th of 

September, including dilution and results in µg/L 

Annex 6: Standard curve generated from microcystin analysis with ELISA method 

Annex 7: Results of standards from ELISA analysis of saxitoxin, including absorbance and 

results in µg/L 

Annex 8: Results of samples from ELISA analysis of saxitoxin in samples from 5th and 14th 

of September, including dilution and results in µg/L 

Annex 9: Standard curve generated from saxitoxin analysis with ELISA method 

Annex 10: Results from alpha diversity measures, i.e., observed, Chao1 and Shannon for 

cyanobacterial taxa 

Annex 11: Tukey multiple comparisons of means of alpha diversity measures 

Annex 12: Results from phytoplankton analysis by light microscope of water samples from 

L. Akersvannet sampled 1st of July 2021 (Norwegian) 

Annex 13: Results from phytoplankton analysis by light microscope of water samples from 

L. Akersvannet sampled 9th of August 2021 (Norwegian) 

Annex 14: Results from phytoplankton analysis by light microscope of water samples from L. 

Akersvannet sampled 14th of September 2021 (Norwegian) 

 

 

 

 

  



 37 
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Annex 2: Analysis result of selected water parameters sampled from VestfoldLAB AS 

sampled 9th of August 2021 (Norwegian) 
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Annex 3: Analysis result of selected water parameters sampled from VestfoldLAB AS 

sampled 14th of September 2021 (Norwegian) 
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Annex 4: Results of standards from ELISA analysis of microcystin, including 

absorbance and results in µg/L 

Standard Absorbance Results (µg/L) 

Std 0 0,919 – 

Std 0 0,898 – 

Std 1 0,83 0,201 

Std 2 0,789 0,249 

Std 3 0,462 1,374 

Std 4 0,362 2,317 

Std 5 0,254 4,071 

Std 5 0,230 4,615 
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Annex 5: Results of samples from ELISA analysis of microcystin in net samples from 

14th of September, including dilution and results in µg/L 

Dilution Results (µg/L) 

1:10 8,86 

8,82 

– 

 

11,15 

10,75 

1:10 

 

7,75 

7,05 

1:20 

 

6,20 

7,01 

1:30 

 

6,89 

6,23 

1:50 

 

5,09 

4,68 

 

 

Annex 6: Standard curve generated from microcystin analysis with ELISA method  
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Annex 7: Results of standards from ELISA analysis of saxitoxin, including absorbance 

and results in µg/L 

Sample Absorbance Results (µg/L) 

Std 0 1,089 – 

Std 0 1,09 – 

Std 1 0,89 0,021 

Std 2 0,713 0,042 

Std 3 0,445 0,122 

Std 4 0,275 0,239 

Std 5 0,175 0,356 

Std 5 0,174 0,357 

 

 

 

Annex 8: Results of samples from ELISA analysis of saxitoxin in samples from 5th and 

14th of September, including dilution and results in µg/L 

Date Sampling type Dilution Analysis results (µg/L) 

05.09.21 Mixed water – 0,008 

– 0,008 

14.09.21 Mixed water – 0,007 

– 0,007 

14.09.21 Net sample 1:10 0,006 

1:10 0,006 

14.09.21 Net sample – 0,009 

– 0,013 
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Annex 9: Standard curve generated from saxitoxin analysis with ELISA method 
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Annex 10: Results from alpha diversity measures, i.e., observed, Chao1 and Shannon for 

cyanobacterial taxa 

Observed 

Date Sample Value SE 

01.07.21 Barcode 9 93 NA 

Barcode 10 90 NA 

Barcode 11 95 NA 

09.08.21 Barcode 12 184 NA 

Barcode 13 203 NA 

14.09.21 Barcode 14 177 NA 

Barcode 15 178 NA 

Chao1 

Date Sample Value SE 

01.07.21 Barcode 9 118,0000 13,013253 

 Barcode 10 132,2727 20,690029 

 Barcode 11 154,5000 28,183794 

09.08.21 Barcode 12 208,6667 10,675785 

 Barcode 13 223,6667 9,635145 

14.09.21 Barcode 14 194,8846 8,506743 

 Barcode 15 211,4762 14,333301 

Shannon 

Date Sample Value SE 

01.07.21 Barcode 9 2,226365 NA 

Barcode 10 2,179357 NA 

Barcode 11 2,162284 NA 

09.08.21 Barcode 12 1,764024 NA 

Barcode 13 1,718914 NA 

14.09.21 Barcode 14 1,788511 NA 

Barcode 15 1,865084 NA 
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Annex 11: Tukey multiple comparisons of means of alpha diversity measures,  

Table includes the difference (diff) between compared groups, lower (lwr) and upper (upr) of 

the 95 % confidence interval, and p-value adjusted for multiple comparisons (p adj).  

Observed 

Date diff lwr upr p adj 

09.08.21-01.07.21 100,8333 78,1950 123,471599 0,0002111 

14.09.21-01.07.21 84,83333 62,19507 107,471599 0,0004066 

14.09.21-09.08.21 -16,00000 -40,79898 8,798977 0,1668554 

Chao1 

Date diff lwr upr p adj 

09.08.21-01.07.21 81,24242 31,71893 130,76592 0,0093673 

14.09.21-01.07.21 68,25616 18,73266 117,77966 0,0173608 

14.09.21-09.08.21 -12,98626 -67,23654 41,26401 0,6941433 

Shannon 

Date diff lwr upr p adj 

09.08.21-01.07.21 -0,4478661 -0,57545513 -0,3202770 0,0005242 

14.09.21-01.07.21 -0,3625382 -0,49012723 -0,2349491 0,0011907 

14.09.21-09.08.21 0,0853279 -0,05443891 0,2250947 0,1895378 
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Annex 12: Results from phytoplankton analysis by light microscope of water samples 

from L. Akersvannet sampled 1st of July 2021 
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Annex 13: Results from phytoplankton analysis by light microscope of water samples 

from L. Akersvannet sampled 9th of August 2021 
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Annex 14: Results from phytoplankton analysis by light microscope of water samples 

from L. Akersvannet sampled 14th of September 2021  
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