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1. Organisation 

1.1. Organiser details 

EQAT Phytoplankton (External Quality Assessment Trials) is a proficiency testing of laboratories 

program of the State Reservoir Administration of Saxony (LTV). The LTV is a state-owned enterprise 

operating under the jurisdiction of the Saxon State Ministry for the Environment and Agriculture 

(SMUL). Among other duties, the LTV is responsible for the operation and management of the State of 

Saxony’s dam facilities. In total, its area of responsibility encompasses 87 water bodies, including dams, 

reservoirs, and flood retention basins.  

Since 2002, the LTV has been conducting phytoplankton interlaboratory tests on a biennial basis. The 

2025/2026 interlaboratory test is the eleventh such test since the program began. The LTV laboratory 

entrusted with conducting the interlaboratory tests is accredited according to DIN EN ISO/IEC 17025 

for sampling from standing and flowing waters as well as for phytoplankton analysis. In addition, it has 

been accredited since June 2013 as a provider of proficiency testing in accordance with DIN EN 

ISO/IEC 17043. 

The following personnel has been involved in the proficiency test phytoplankton 2025 / 2026 (Table 1): 

Table 1. Distribution of tasks. 

Task Name Organisation Task 

Coordinator Dr. Elly Spijkerman LTV Planning, execution, 

communication, report 

Dept. coordinator Dr. Tilo Hegewald LTV Statistics, report 

Expert committee Dr. Gabriele Packroff ATT Consultant 

 Dr. Arndt Mehling ATT Consultant 

 Wolf-Henning Kusber BGBM, FU Berlin Consultant in taxonomy 

 

Address of EQAT: 

Landestalsperrenverwaltung des Freistaates Sachsen 

Betrieb Zwickauer Mulde/Obere Weiße Elster 

Bereich Qualitätssicherung/Überwachung (QSÜ) Plauen 

Dr. Elly Spijkerman (coordinator) 

Bärenstraße 46 

08523 Plauen 

 

 +49 (0) 3741 – 1564 –134 

 +49 (0) 37752 – 502 205 

 http://www.planktonforum.eu  or  contact@planktonforum.eu  

 

Written by: QM- approved 

Dr. Elly Spijkerman (coordinator) Dr. Tilo Hegewald (Dept. coordinator) 
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1.2. Declaration of confidentiality 

Independence and impartiality are fundamental prerequisites for working as a proficiency testing 

laboratory; only with these prerequisites can confidence in the proficiency testing programme be 

ensured. Maintaining competence and integrity is particularly important for upholding the laboratoy’s 

reputation. Essential elements of the declaration of independence are therefore: 

- The interlaboratory test is conducted to the best of our knowledge and belief, based of the current 

state of science and technology, and in a completely neutral and confidential manner, adhering to the 

principle of equal treatment of all participants. All data is stored on a separate section of the LTV server 

that is accessible only to the EQAT team. All data analyses are performed without direct knowledge of 

the participant ID. Printed materials present in the laboratory contain no references to the participant’s 

identity.  

- Any influence by third parties is excluded. Members of the EQAT team are exempt from any 

obligation to follow instructions in the context of conducting the proficiency testing, so that the services 

or their interpretation are not subject to external influence or that of superiors.  

- The proficiency testing laboratory and its employees are free from any commercial, financial, or 

other influences that could affect their professional and technical judgement. The remuneration of the 

personnel involved depends neither on the number of tests nor on their results. 

- It is ensured that the EQAT team does not engage in any activities that could jeopardise confidence 

in the independence of the evaluation or the integrity of its activities. 

- In case of exceptional (unlikely) event that could jeopardise the independence or impartiality of the 

EQAT laboratory participants will be informed in writing in advance. 

1.3. Participants and data 

We had 66 registrations for this test, of which 65 participants were allowed to hand in their results, 

which they did on time. The 65 participants originated from 11 countries in Europe. Twenty-six 

registrations originated from Germany. All results gathered from this trial was used in the statistical 

analyses are provided in appendix 2, 3 and 4. 

1.4. Design of the trial 

This proficiency test checks the analytical performance of the participants in counting phytoplankton 

according to DIN EN 15204:2006 using inverted microscopy (Guidance standard using Utermöhl 

technique), calculation of the biovolume (possibly according to DIN EN 16695:2015) and the taxonomic 

determination of limnetic algae (Fig. 1). 
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Figure 1: Visualisation of the proficiency test 2025 / 2026.  

1.5. Procedures for the Proficiency test Phytoplankton 

The proficiency test phytoplankton was announced in April 2025, and registration via our web portal 

was open from 5 May to 1 August 2025. The phytoplankton sample and the reference counting chamber 

were dispatched on 10 November 2025. The analysis phase ran from 15 November 2025 to 16 February 

2026. On 20 March, we published the preliminary results on the website and sent a notification of this 

publication to all participants. On 29 April 2026, the certificates and result sheets were sent to all 

participants. The final report was completed in September 2026 and is available on our web-site: 

www.planktonforum.eu.   

http://www.planktonforum.eu/
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2. Production, handling of samples and statistical tests  

2.1. Metrological traceability 

The LTV’s microscopic size and length measurements are metrologically traceable to the reference 

standard (certified object micrometre) from POG Präzisionsoptik Gera (Zeiss 250843) (certificate 

number 14618, Zeiss, Oct. 2025).  

2.2. Evaluation criteria 

2.2.1. Check for major errors 

The statistical analysis and the calculation of the robust mean (Hampel estimator) in components 1 

and 2 were carried out using robust statistics (DIN 38402-45:2024).  

Prior to the preliminary evaluation of the data, we excluded only those data points that deviated by a 

factor of 104 from the robust mean. In this interlaboratory test, no such cases were identified during this 

preliminary check.  

Before the final statistical analysis, the participants’ results were first checked for obvious gross errors, 

in particular errors relating to units, data entry or transcription. To identify statistically extreme results, 

a robust score 𝑧𝑟𝑜𝑏,𝑖 was calculated based on the median and the median absolute deviation (MAD). 

In short, we first calculated the median of all results (𝑥): 

𝑥𝑚𝑒𝑑 = m𝑒𝑑𝑖𝑎𝑛(𝑥1,𝑥2,…,𝑥𝑛) 

To determine the mean absolute deviation (MAD), the median of the absolute differences between the 

measured values (𝑥𝑖) and their overall median was calculated: 

𝑀𝐴𝐷 = m𝑒𝑑𝑖𝑎𝑛(|𝑥𝑖 − 𝑥𝑚𝑒𝑑|) 

To make the MAD comparable with a standard deviation from a normal distribution, it is multiplied 

by a factor of 1.4826 (assuming that the data set is approximately normally distributed). Finally, for 

each value (𝑥𝑖), a robust value (𝑧𝑟𝑜𝑏,𝑖) is obtained: 

𝑧𝑟𝑜𝑏,𝑖 =  
x𝑖 − 𝑥𝑚𝑒𝑑

1.4826 ∙ MAD 
 

Values with a |𝑧𝑟𝑜𝑏,𝑖| > 5.0 were classified as gross errors, removed from the dataset in advance, and 

excluded from the calculation of the assigned value and the comparative standard deviation. No zu-score 

calculation is performed for these outliers: the result is classified as ‘unsuccessful’. Instead of a zu-score, 

the abbreviation e.e. (excluded from evaluation) is used to indicate that the values have not been included 

in the evaluation. If results are excluded from the analysis, this is noted in the legend accompanying the 

data presentation. 

2.2.2. General statistics 

To determine the assigned target values and the comparative standard deviations, the results of all 

participants with a |𝑧𝑟𝑜𝑏,𝑖| < 5.0 were used. 

As robust statistical methods, the Hampel estimator was used to determine the assigned value, and the 

Q-method was used to estimate the repeatability and comparative standard deviations. The evaluation 

was carried out in accordance with the relevant procedures set out in DIN 38402-45:2024 and DIN ISO 

13528:2025. 

The performance of EQAT interlaboratory test participants is assessed on the basis of the deviation of 

the respective laboratory mean value from the assigned value. For this purpose, z-scores are calculated 
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as standardised performance indicators. The z-score describes the deviation of a laboratory result from 

the assigned value relative to the standard deviation used for the proficiency assessment. The calculation 

is carried out using the following equation: 

𝑧 =
y−μ̂

𝑠𝑡𝑎𝑟𝑔𝑒𝑡
, 

where y is the laboratory mean, μ̂ is the assigned target value (Hampel estimator) and starget is the target 

standard deviation. The zu-score is calculated from the z-score, whereby the underlying tolerance 

intervals are scaled asymmetrically (Uhlig & Henschel 1997). 

The z-scores are transformed into zu-scores, taking into account any possible asymmetry in the 

tolerance interval. The zu-scores serve as standardised performance indicators for evaluating 

participants’ results. Results with zu-values between − 2 and + 2 fall within the specified acceptance 

range and are assessed as successful (‘participated successfully’). Results outside this range |zu| > 2 are 

assessed as unsuccessful and reported with the designation ‘participated’. The threshold of |zu| = 2 

represents a defined criterion for performance assessment and should not be interpreted as a probability 

of the accuracy of an individual laboratory result.  

The following are also considered unsuccessful: 

- unprocessed interlaboratory test components, 

- results obtained by an external laboratory as part of a subcontract. 

The statistical parameters – comprising the robust mean (target value) calculated using the Hampel 

estimator, the standard deviations in accordance with the Q-method, and the resulting tolerance limits 

and zu-scores – were determined using the Excel-based analysis tool (A45) provided by AQS Baden-

Württemberg. 

The assessments for the taxonomy component (Component 3) were carried out as part of a qualitative 

analysis based on the LAWA-AQS Information Sheet A-3 (LAWA-AQS Information Sheet A-3, 2013) 

in accordance with Table 2. Participants were considered to have passed this component if they achieved 

a score of 80 per cent (i.e. 8 out of a possible 10 marks). 

Table 2. Qualitative scores used for the taxonomy component (3). 

Points Qualification 

1 Species or genus correct  

0.7 Species required, genus correct. Species not specified („sp.“) 

0.67 Species required, genus correct. Species wrong 

0.5 Genus required, but wrong. Next taxonomic level correct 

0.33 Species required, species and genus wrong. Next taxonomic level correct 

0 Next taxonomic level wrong (or not provided) 

 

The figures were created using R (R Core Team, 2025, version 4.4.3) with the tidyr (version 1.2.0) and 

ggplot2 (version 3.5.2) packages. The participants’ results are predominantly presented as box plots. 

The mean of each set of participants’ results is indicated by a small orange square. Contrary to the usual 

box plot convention, the whiskers extend to the respective minimum and maximum of the values shown. 

Values identified as outliers (|𝑧𝑟𝑜𝑏,𝑖| > 5.0) are excluded from both the analyses and the figure. All these 

values are listed in the figure caption. 
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2.3. The reference counting chamber 

The numbers, size and distribution of the particles on bottom coverslip of the reference counting 

chamber were determined by the EQAT laboratory. The reference counting chambers were 

manufactured by TSO Thalheim Spezialoptik GmbH, Pulsnitz on the basis of subcontracting. The 

reference counting chamber consists of a counting chamber embedded in a base plate. The counting 

chamber consists of a bottom coverslip mounted to the base plate by a threaded metal ring (Fig. 2). A 

defined number of microparticles of varying sizes, as specified by the EQAT laboratory, are engraved 

onto the bottom coverslip. The number and size of the particles in the reference counting chamber can 

serve as a basis for future internal quality controls in the participants’ laboratories.  

Figure 2: Reference counting chamber for the enumeration and the calculation of volume concentration of the 

micro particles, which are engraved on the bottom coverslip. 

The EQAT team set the number, size and distribution of three different size-classes of micro 

particles (Table 3).  

Table 3. Diameter, particle and volume concentration (assuming 50 mL sedimentation volume) set to be engraved 

in the bottom coverslip of the reference counting chamber. 

  Particles large Particles medium Particles small 

Diameter (µm) 55 30 15 

Number (Particles /L) 1,600 20,000 76,000 

Volume concentration (mm3 /L) 0.139 0.283 0.134 

 

The spatial distribution of the particles on the glass slide was generated for each particle size class 

using the R package spatstat (Baddeley, 2008). A homogeneous spatial Poisson point process was used 

for this purpose, which corresponds to complete spatial randomness (CSR). The particle positions were 

generated on a unit circle representing the diameter of the bottom coverslip of the plankton counting 

chamber. The generated distributions were then checked for particle overlaps and possible edge effects. 

Following manufacture, ten randomly selected reference counting chambers underwent a quality check 

by the EQAT laboratory (Table 4). 

Table 4. Diameter and particle concentration (assuming 50 mL sedimentation volume) measured in the reference 

counting chamber by the EQAT laboratory on October 16st 2025. Mean of 10 different chambers for number and 

volume concentration ± SD, 3 chambers with 20 measurements of diameter. 

  Particles large Particles medium Particles small 

Diameter (µm) 52.4 ± 0.16 28.9 ± 0.14 13.2 ± 0.13 

Number (Particles /L) 1,604 ± 22 20,125 ± 1,184 78,918 ± 7,325 

Volume concentration (mm3 /L) 0.121 ± 0.002 0.254 ± 0.015 0.094 ± 0.009 
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Our measurements were mostly close to the set values, but most importantly, the deviations between 

the reference counting chambers were very small. The reference counting chambers were therefore 

dispatched on 10 November 2025. 

2.4. Phytoplankton sample 

The aim was to prepare a practical phytoplankton composite sample consisting of five different algal 

monocultures (Table 5). Before combining the cultures, approximate target concentrations were set for 

the individual taxa. The cultures were then mixed and fixed with basic Lugol’s solution in accordance 

with DIN EN 15204:2006.  

To improve sedimentation behaviour, Planktothrix rubescens was treated with mild ultrasonication 

(70% power, 1 min) prior to mixing. In addition, a higher quantity of Lugol’s solution than is usually 

employed was used to further aid the sedimentation of the taxa present.  

Before combining the cultures, several control counts were carried out for each algal culture. The 

cultures were then mixed together in a larger mixing vessel so as to achieve the target cell densities. 

From this homogenised mixture, the 100-ml sample bottles were filled with 85 ml each of the Lugol’s 

solution-fixed suspension. Filling was carried out in five shifted fills (with 5 or 20 mL per fill) whilst 

continuously or repeatedly mixing the solution. Once filling was complete, ten sample vials were 

selected at random for the homogeneity test and a further three sample vials for the stability test. 

Table 5. Taxonomic composition of the phytoplankton sample, with a photo and the origin of the culture. 

No.  Photo  Name Strain No. Origin 

1 

 

Desmodesmus 

communis 
SCCAP1149 

Scandinavian Culture Collection of 

Algae 

2 

 

Closterium acutum CCAC 0757 B CCAC University of Cologne 

3 

 

Cosmarium 

regnellii 
CCAC 6066 B CCAC University of Cologne 

4 

 

Dolichospermum 

sp. 
CCAC 2862 B CCAC University of Cologne 

5 

 

Planktothrix 

rubescens 

No number, in 

house isolate 
TS Pöhl 

 
 



 
Final report proficiency test phytoplankton 2025 / 2026 

Seite 8 von 74 
 

2.4.1. Homogeneity test 

The homogeneity of the phytoplankton sample was assessed on the basis of the cell concentration of 

Closterium acutum (species no. 2) in ten randomly selected sample bottles (Fig. 3). Closterium acutum 

was selected for this purpose as it was the largest single-celled species in the mixed algal sample and, 

due to its comparatively low cell density, had to be counted across a large area of the counting chamber.  

On 3 November 2025, two independent subsamples were examined from each of the ten sample 

bottles. To this end, 10 ml from each was allowed to settle, and subsequently all Closterium acutum 

cells detected in four transects were counted at 100× magnification. This resulted in a total of 20 

individual counts. The mean value was 249 cells, with a minimum of 187 and a maximum of 339 cells 

(Fig. 3). 

 
Figure 3: Cell counts of Closterium acutum for the homogeneity test. Counts from 10 randomly selected sample 

bottles (n=2). Please note that the y-axis does not start at zero. 

Homogeneity was tested in accordance with DIN ISO 13528:2025. A standard deviation of 62.% (σpt) 

was used as the basis for the fitness assessment. The estimated standard deviation between the sample 

bottles was 15.4%, which was below the homogeneity criterion of 0.3 σpt = 18.7%. The requirements 

for the homogeneity of the test material under investigation were therefore met. The standard deviation 

under repeatability conditions within the samples was 35.2%. We subsequently sent the natural sample 

to the participants on 10 November 2025. 

2.4.2. Stability test 

Three sample bottles were randomly selected after filling all sample bottles, and these were used to 

ascertain stability of the cell concentration and biovolume of the phytoplankton sample over the course 

of the test-period. The three sample bottles were analysed in triplicate on 18.11.2025, 22.12.2025, and 

9.2.2026, covering the whole analysis period. On every occasion, and within every species, the same 

counting strategy was used. The stability of the cell concentration in the sample was confirmed by 

showing that no clear trends were apparent over time (Fig. 4). The feasibility of determining the cell 

concentration in the sample was confirmed by the fact that the minimum and maximum values from the 

EQAT laboratory (n = 9) did not exceed the tolerance limits of zu = |2| for each species, in the analysis 

of the preliminary results (Fig. 4). 

From every stability sample, 20 cells per species were measured and based on these measurements, 

the cell volume for each species was calculated using the relevant geometric formula (in accordance 

with DIN EN 16695:2015, and the HTL, 2020). The stability of the calculated biovolume concentration 

in the samples was confirmed by the fact that no clear trends emerged over time (Fig. 5). The feasibility 
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of determining the cell concentration in the sample was confirmed by the fact that the minimum and 

maximum values from the EQAT laboratory (n = 9) did not exceed the tolerance limits of zu = |2| in the 

analysis on the preliminary results (Fig. 5). 

 
Figure 4: Cell concentrations of the five species in the phytoplankton stability samples. Data points are the mean 

values and the whiskers reach up to the minimum and maximum value. The robust mean, lower and upper tolerance 

limits (zu = |2|) of the analysis on the preliminary data are given as horizontal lines (black, blue and red, 

respectively). The date of counting is provided under the x-axis (2025 and 2026). Dates cover the whole analysis 

period (i.e. November 15th 2025 until February 16st 2026). A, species 1; B, species 2; C, species 3; D, species 4; 

E, species 5. 

 
Figure 5: Biovolume concentration of the five species in the phytoplankton stability samples. Data points are the 

mean values and the whiskers reach up to the minimum and maximum value. The robust mean, lower and upper 

tolerance limits (zu = |2|) of the analysis on the preliminary data are given as horizontal lines (black, blue and red, 

respectively). The date of the measurement is provided under the x-axis (2025 and 2026). Dates cover the whole 

analysis period (i.e. November 15th 2025 until February 16st 2026). A, species 1; B, species 2; C, species 3; D, 

species 4; E, species 5. 

An additional stability test was performed by using a returned parcel that had been in the post and was 

stored incorrectly for four weeks (referred to as the “post sample”). Whilst the parcels containing the 

natural sample reached the participants within 10 days, the post sample was in transit for 30 days. The 

post sample therefore represents a genuine “worst-case-scenario”. The post sample had been sent to a 

participant in Portugal, but was returned to EQAT due to delivery problems. It arrived on 10 December 

and was stored in the fridge until analysis. The “post sample” was analysed on 23 December 2025, 
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shortly after the 2nd stability sample (analysed on 22.12.2025) so that the two could be compared. The 

stability of the cell concentration in the post sample was confirmed demonstrating that the two mean 

values were very close to one another (Fig. 6). In addition, no clear trends were visible between the 2 

bottles. 

  
Figure 6: Cell concentrations of the five species in the phytoplankton stability samples. Data points are the mean 

values and the whiskers reach up to the minimum and maximum value. The robust mean, lower and upper tolerance 

limits (zu = |2|) of the analysis on the preliminary data are given as horizontal lines (black, blue and red, 

respectively). The “lab”-label refers to the stability sample counted on 22.12.2025. The “post”-label refers to the 

returned postal package counted on 23.12.2025. A, species 1; B, species 2; C, species 3; D, species 4; E, species 

5.  

Similar to the procedure for the stability sample, 20 cells per species were also measured in the “post 

sample” and calculated into a biovolume concentration for every species (Fig. 7). The stability of the 

calculated biovolume concentration in the post sample was confirmed by the fact that the two mean 

values were very close to one another (Fig. 7). In addition, no clear trends were visible between the 2 

bottles. 

 
Figure 7: Biovolume concentration of the five species in the phytoplankton stability samples. Data points are the 

mean values and the whiskers reach up to the minimum and maximum value. The robust mean, lower and upper 

tolerance limits (zu = |2|) of the analysis on the preliminary data are given as horizontal lines (black, blue and red, 

respectively). The “lab”label refers to the stability sample counted on 22.12.2025. The “post”-label refers to the 

returned postal package counted on 23.12.2025. A, species 1; B, species 2; C, species 3; D, species 4; E, species 

5. 
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2.5. Video clips 

For the proficiency test, twelve video clips of selected phytoplankton taxa, produced by the EQAT 

laboratory, were initially compiled and provisionally identified taxonomically by the EQAT laboratory. 

The video clips were then submitted for independent taxonomic review as part of the collaborative 

project with Wolf-Henning Kusber (Freie Universität Berlin, Berlin Botanical Garden and Botanical 

Museum). Following joint expert consultation, ten taxa were selected for the interlaboratory test. For 

eight taxa, identification down to species level was planned; for two taxa, identification down to genus 

level was planned. 
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3. Results & Discussion 

When determining particle or phytoplankton cell concentrations, the finite number of objects counted 

contributes significantly to the statistical uncertainty of the result. Under the simplifying assumption of 

a Poisson distribution, the relative standard uncertainty of the count is approximately 1/√N, where N 

denotes the number of particles, cells or colonies. To estimate a coverage level of approximately 95%, 

this value is multiplied by a corresponding Student’s t-factor. According to TI7 (ATT 1998), a minimum 

of 60 counted objects is recommended; a number of around 100 objects is regarded as the target value. 

When N = 100, the relative standard uncertainty of the count alone is approximately 10%, corresponding 

to an approximate 95% confidence interval half-width of around 20% (statistical counting error). 

When counting a natural sample, further sources of uncertainty arise, for example due to deviations 

from a random spatial distribution, the selection of counting fields or transects, subsampling, 

homogenisation and sedimentation. The counting uncertainty derived from the Poisson distribution 

therefore describes only part of the total measurement uncertainty of the phytoplankton count. 

For each parameter, the expanded measurement uncertainty (U) was calculated using a top-down 

approach. Here, SL denotes the estimated inter-laboratory standard deviation (variance between 

participants), Sr the estimated standard deviation for random error under repeatability conditions 

(variance within a participant) and m the number of replicate determinations. 

𝑈 = 2 ∗ √(𝑆L
2 + (

𝑆r
2

𝑚
))    (ISO 21748:2017). 

The expanded measurement uncertainty was calculated using an expansion factor of k=2, which 

corresponds to a coverage probability of approximately 95% for approximately normally distributed 

measurements. Prior to the calculation, statistically extreme results were excluded in accordance with 

the procedure described in Section 2.2. 

3.1. Component 1: Reference counting chamber 

The reference counting chamber contained spherical microparticles in 3 different size classes. The 

participants had to calculate the particle concentration, measure the diameter of 20 particles and 

calculate the particle volume concentration per litre. To calculate the concentration a sedimentation 

volume of 50 mL had to be assumed. For every parameter description, we will first focus on the large 

particles, then the medium, and finally on the small particles. In every figure we show the mean values 

for every laboratory as small, orange boxes, the robust mean value (bold black line), and the lower and 

upper tolerance limits, which were set at zu=|2| (blue and red dashed lines). The whiskers extend to the 

minimum and maximum values. Mean values from laboratories that were excluded from the analysis 

because of major errors (i.e. values with a |𝑧𝑟𝑜𝑏,𝑖| > 5.0) are mentioned in the legend.  

3.1.1. Particle concentration 

To ensure an accurate count of the large particles, the entire chamber had to be counted, which was 

applied by most of the participants (Table 5). Most of the participants reported a value close to the pre-

assigned value (1,600) as the robust mean was 1,602 particles/L, although there were some exceptions 

(Fig. 8). Fifteen results (23%) were excluded from the analysis because the values had a |𝑧𝑟𝑜𝑏,𝑖| > 5.0. 

The percentage was highest here, which resulted from the rather large number of participants with a low 

deviation from the robust mean. Participants 6, 13, 27, 32, 55, 70 and 73 counted the large particles in 

transects or fields, which may explain their deviating result. The other participants indicated that they 

did count the whole chamber or a certain part of it. With regard to the latter option, the methodological 

details provided by participant 51 cannot be interpreted unambiguously. The documentation stating that 
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the entire chamber was counted 71.66 times at 200x magnification cannot be verified beyond doubt from 

a technical perspective.  

Participants 6, 13, 27, probably also 32, 55, 70 and 73 applied the same counting strategy for all 3 size-

classes of micro-particles, which does not comply with DIN EN 15204 (2006). Not adapting the 

counting strategy according to the number and distribution of the particles increases the chances of a 

wrong result. Especially for large particles this results in a too low number of counted particles to 

properly calculate a reliable counts/L (see the statistical counting error on the previous page). The 

applied strategies are summarized in Table 6. In addition, participants 16, 28, 63, 71 and 75 reported a 

too low, and participants 21, 54 and 84 a too high particle concentration. 

 
Figure 8: Large particle concentration in the reference counting chamber. The right panel is the result of the EQAT 

laboratory, whereas the left panel shows the results of the participants. Laboratories with a values of |𝑧𝑟𝑜𝑏,𝑖| > 5.0 
were nr. 6 (1958 particles/L), 13 (1778 particles/L), 27 (1790 particles/L), 29 (1080 particles/L), 32 (266,667 

particles/L), 37 (1327 particles/L), 51 (1433 particles/L), 52 (8000 particles/L), 55 (2 particles/L), 57 (777,333 

particles/L), 59 (3107 particles/L), 70 (3000 particles/L), 73 (3694 particles/L), 77 (1433 particles/L) and 80 (1000 

particles/L). The robust mean, lower and upper tolerance limits were 1602, 1548 and 1657 Particles/L, 

respectively. The between-laboratory variance was 1.71% and the repeatability variance 1.35%. The expanded 

measurement uncertainty (U) was 3.8%.  

Table 6. Summary of counting strategies used for the large particles. 
counting 

area 

number of counting areas used magnification counted particles number 

of labs 

 min mean max min mean max min mean max  

chamber 0 2 72 40 98 400 37 77 89 57 

transect 2 2.8 3 100 325 400 3 36 124 4 

fields 50 85.5 142 200 350 400 1 6 10 4 

 

To ensure accurate counting, four transects were counted at 100× magnification. Normally, two 

transects might suffice; however, as significant discrepancies were observed between the two transects 

in some cases (>30% variation) and because the particle count was towards the lower end of the 

reliability threshold, four transects were required. Many participants used transects for counting (Table 

7). An average of 194 particles were recorded across the four transects, resulting in a statistical counting 

error of 14%. Most of the participants reported a count close to the pre-assigned value (20,000) as the 

robust mean was 20,758 particles/L. (Fig. 9). Four results (6.2%) were excluded from the analysis 

because the values had a |𝑧𝑟𝑜𝑏,𝑖| > 5.0. These exclusions may be due to too few particles being counted 

(participants 32 and 55), too many particles (participant 59) or a single transect (participant 52). For a 

correct counting strategy using transects, at least two transects are required that intersect at right angles 

⟂. In addition, participants 37 and 80 reported a too low, and participants 44 and 73 a too high particle 

concentration. 
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Figure 9: Medium particle concentration in the reference counting chamber. The right panel is the result of the 

EQAT laboratory, whereas the left panel shows the results of the participants. Laboratories with a values of 

|𝑧𝑟𝑜𝑏,𝑖| > 5.0 were nr. 32 (1,733,333 particles/L), 52 (106,333 particles/L), 55 (31 particles/L) and 59 (40,360 

particles/L). The robust mean, lower and upper tolerance limits were 20,758; 15,789, and 26,397 Particles/L, 

respectively. The between-laboratory variance was 12.67% and the repeatability variance 5.10%. The expanded 

measurement uncertainty (U) 26.0%. 

Table 7. Summary of counting strategies used for the medium particles. 
counting 

area 

number of counting areas used magnification counted particles number 

of labs 

 min mean max min mean max min mean max  

chamber 0.5 1.0 1.0 100 150 200 471 826 1038 6 

transect 1.0 3.2 10 40 227 600 18 143 1027 43 

fields 20 143 600 50 275 600 21 79 238 16 

 

To ensure accurate counting of the small particles, four transects were counted at 400× magnification 

for reasons similar to those for the medium-sized particles. Many participants used transects for counting 

(Table 8). An average of 190 particles were recorded in four transects, resulting in a statistical counting 

error of 14%. The robust mean was 77,114 particles/L, which was close to the pre-assigned value of 

76,000 particles/L (Fig. 10). Five results (7.7%) were excluded from the analysis because the values had 

a |𝑧𝑟𝑜𝑏,𝑖| > 5.0. Participants 37 and 4 reported a too low, and participant 44 a too high particle 

concentration. 

 
Figure 10: Small particle concentration in the reference counting chamber. The right panel is the result of the 

EQAT laboratory, whereas the left panel shows the results of the participants. Laboratories with a values of 

|𝑧𝑟𝑜𝑏,𝑖| > 5.0 were nr. 32 (4,533,333 particles/L), 52 (383,333 particles/L), 55 (84 particles/L), 59 (146,385 

particles/L) and 80 (40,559 particles/L). The robust mean, lower and upper tolerance limits were 77,114; 65,858 

and 89,253 Particles/L, respectively. The between-laboratory variance was 7.56% and the repeatability variance 

3.91%. The expanded measurement uncertainty (U) was 15.8%. 
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Table 8. Summary of counting strategies used for the small particles. 
counting 

area 

number of counting areas used magnification counted particles number 

of labs 

 min mean max min mean max min mean max  

chamber - - - - - - - - - 0 

transect 1 2.5 6 100 279 600 64 322 3836 44 

fields 15 115.7 600 40 247 600 56 252 892 21 

 

One participant wrote that the counting of the counting chamber was performed digitally. Fully 

automatically, long panoramic images of the counting chamber were taken and analysed using the open-

source software “FiJi”. The corresponding projections from this data were then extrapolated. For 

counting the medium and small particles this resulted in a satisfactory result, but not for the large 

particles. Likely, the counting of the large particles required an analysis of a larger surface area of the 

reference counting chamber then provided by the images. 

In conclusion: Deviations from the robust mean were predominantly caused by choosing an improper 

counting strategy or by counting too few particles within the selected counting strategy to arrive at a 

correct particle concentration. In addition, do not forget to adapt your counting strategy according to the 

number and distribution of the particles, otherwise the probability of an incorrect result will increase. 

3.1.2. Diameter 

We provided a reference counting chamber with 3 sizes of round particles. Although we calculated for 

and consequently deleted particles that overlap with each other or are too close to the border, there was 

one too close to the border. We also found one particle that had a malformation (see photos below). 

These minor exceptions were no problem to count and determine the diameter of the three particle sizes 

properly.  

       

Only one participant (1.6%) was excluded from the analysis of the large particles because the value 

had a |𝑧𝑟𝑜𝑏,𝑖| > 5.0. Participants 36 and 29 measured a too small diameter for the large particles (Fig. 11). 

Also the measurements of the EQAT laboratory were close to the lower tolerance limit. The pre-assigned 

value (55 µm) was close to the robust mean of 54.03 µm.  
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Figure 11: Diameter of the large particles in the reference counting chamber. The right panel is the result of the 

EQAT laboratory, whereas the left panel shows the results of the participants. The laboratory with a value of 

|𝑧𝑟𝑜𝑏,𝑖| > 5.0 was nr. 10 (33.56 µm). The robust mean, lower and upper tolerance limits were 54.03, 52.40, and 

55.69 µm, respectively. The between-laboratory variance was 1.52% and the repeatability variance 0.50%. The 

expanded measurement uncertainty (U) was 3.1%. 

Only one participant (1.6%) was excluded from the analysis of the medium-sized particles because the 

value had a |𝑧𝑟𝑜𝑏,𝑖| > 5.0. For the medium particles participant no. 71 measured a too small diameter and 

participants 73 and 75 a diameter that was too large (Fig. 12). The pre-assigned value (30) was close to 

the robust mean of 29.89 µm. 

 
Figure 12: Diameter of the medium particles in the reference counting chamber. The right panel is the result of 

the EQAT laboratory, whereas the left panel shows the results of the participants. The laboratory with a value of 

|𝑧𝑟𝑜𝑏,𝑖| > 5.0 was nr. 10 (18.7 µm). The robust mean, lower and upper tolerance limits were 29.89, 28.81, and 31.00 

µm, respectively. The between-laboratory variance was 1.83% and the repeatability variance 0.65%. The expanded 

measurement uncertainty (U) was 3.7%. 

Also in the analysis of the small-sized particles one participant (1.6%) was excluded because the value 

had a |𝑧𝑟𝑜𝑏,𝑖| > 5.0. For the small particles participants 28, 55 and 73 a diameter that was too large (Fig. 

13). The pre-assigned value (15) was close to the robust mean of 13.88 µm. 
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Figure 13: Diameter of the small particles in the reference counting chamber. The right panel is the result of the 

EQAT laboratory, whereas the left panel shows the results of the participants. The laboratory with a value of 

|𝑧𝑟𝑜𝑏,𝑖| > 5.0 was nr. 10 (8.8 µm). The robust mean, lower and upper tolerance limits were 13.88, 12.92, and 14.88 

µm, respectively. The between-laboratory variance was 3.52% and the repeatability variance 1.26%. The expanded 

measurement uncertainty (U) was 7.2%. 

In conclusion: Participant 10 should check the microscope calibration or measuring method as the 

values consistently largely deviated from the mean diameter of both large, medium and small particles. 

3.1.3. Volume concentration 

The pre-assigned value for volume concentration (0.139 mm3/L) of the large particles was very close 

to the robust mean of 0.132 mm3/L (Fig. 14). The participants calculated the volume concentration in 

mm³ per litre from their particle concentration and particle volume measurement. Six results (9.5%) 

were excluded from the analysis because the values had a |𝑧𝑟𝑜𝑏,𝑖| > 5.0. Participants 37, 71 and 80 

calculated a too low value biovolume concentration and participants 6 and 27 provided a too high 

average. Deviations from the robust mean for participants 6, 27, 29, 32, 37, 52, 57, 73 and 80 resulted 

from deviations in their particle concentrations. For participant 10 the deviation resulted from the 

particle diameter.  

 
Figure 14: Volume concentration of large particles in the reference counting chamber. The right panel is the result 

of the EQAT laboratory, whereas the left panel shows the results of the participants. The laboratories with a value 

of |𝑧𝑟𝑜𝑏,𝑖| > 5.0 were nr. 10 (0.032 mm3/L), nr. 29 (0.079 mm3/L), nr. 32 (27.55 mm3/L), nr. 52 (0.692 mm3/L), nr. 

57 (62.3 mm3/L) and nr. 73 (0.355 mm3/L). The robust mean, lower and upper tolerance limits were 0.132, 0.116, 

and 0.148 mm3/L, respectively. The between-laboratory variance was 6.01% and the repeatability variance 1.48%. 

The expanded measurement uncertainty (U) was 12.1%. 

For the medium particles (Fig. 15), the robust mean being 0.288 mm3/L, and the pre-assigned value 

for volume concentration 0.283 mm3/L were very similar. Six results (9.5%) were excluded from the 

analysis because the values had a |𝑧𝑟𝑜𝑏,𝑖| > 5.0. Two participants calculated a lower value (Nos. 37 and 

80) then necessary to reach a zu-score of -2.0. The too high volume concentrations from participants 32, 
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52 and 55 likely resulted from the overestimation of the particle concentration, whereas for participant 

10 it resulted from the too low particle diameter.  

 
Figure 15: Volume concentration of medium particles in the reference counting chamber. The right panel is the 

result of the EQAT laboratory, whereas the left panel shows the results of the participants. The laboratories with 

a value of |𝑧𝑟𝑜𝑏,𝑖| > 5.0 were nr. 10 (0.074 mm3/L), nr. 32 (26.34 mm3/L), nr. 44 (0.42 mm3/L), nr. 52 (1.61 mm3/L), 

nr. 55 (0.432 mm3/L) and nr. 73 (0.511 mm3/L). The robust mean, lower and upper tolerance limits were 0.288, 

0.213, and 0.374 mm3/L, respectively. The between-laboratory variance was 13.85% and the repeatability variance 

5.18%. The expanded measurement uncertainty (U) was 28.3%. 

The pre-assigned value for the volume concentration of small particles was (0.134 mm3/L), whereas 

the robust mean was 0.106 mm3/L (Fig. 16). Three results (4.8%) were excluded from the analysis 

because the values had a |𝑧𝑟𝑜𝑏,𝑖| > 5.0. Participant no. 80 reported a volume concentration that was too 

low, and participants 28, 55 and 73 calculated too high volume concentrations. The too high volume 

concentrations from participants 32, 52 and 55 likely resulted from the overestimation of the particle 

concentration, whereas for participant 80 the too low particle concentration resulted in the 

underestimation of the volume concentration. 

 
Figure 16: Volume concentration of small particles in the reference counting chamber. The right panel is the result 

of the EQAT laboratory, whereas the left panel shows the results of the participants. The laboratories with a value 

of |𝑧𝑟𝑜𝑏,𝑖| > 5.0 were nr. 10 (0.028 mm3/L), nr. 32 (7.38 mm3/L) and nr. 52 (0.613 mm3/L). The robust mean, lower 

and upper tolerance limits were 0.106, 0.080, and 0.136 mm3/L, respectively. The between-laboratory variance 

was 13.05% and the repeatability variance 4.264%. The expanded measurement uncertainty (U) was 26.6%. 

In conclusion: Most deviations in the volume concentrations originated from a deviation in the particle 

concentration, and some from the particle diameter.  

Participants 6, 10, 13, 27, 28, 29, 32, 37, 44, 52, 55, 57, 70, 71, 73, 75 and 80 should critically evaluate 

their method, especially with regard to the capturing of the large particles.  
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The majority of participants achieved successful results in component 1. Nevertheless, 15 out of 

63 participants (24%) did not achieve the minimum total score of 80% required to pass. Especially 

the enumeration of the large particles was difficult (37% deviations outside zu-score < |2|). The 

main causes of deviating results have already been discussed in the preceding sections and related 

in particular to the choice of counting strategy, the number of particles counted and the 

measurement of the particle diameter. Participants with results outside the acceptance range 

(zu < -2 or zu > +2) should critically examine their phytoplankton analysis routines and adjust 

them where necessary. 

3.2. Component 2: Phytoplankton sample  

In the mixed algal sample (Table 5), the cell concentration and the biovolume concentration from five 

phytoplankton species is evaluated. The participants also reported the number of cell counts, geometric 

shape, cell volume and counting strategy for every species in the sample. We advised to sediment 10 

mL sample volume. The long filamentous cyanobacteria probably caused a heterogeneously 

sedimentation behaviour. Consequently, a larger number of cells, coenobia, or filaments had to be 

captured to reach a reasonable counting error (see paragraph 3.). An impression of the sample is provided 

in photos below. In every figure we show the results as small orange box plots for the mean of every 

laboratory, the robust mean value (bold black line), the lower and upper tolerance limits set at zu=|2| 

(blue and red dashed lines). Whiskers reach to the minimum and maximum value. Mean laboratory 

results that were excluded from the analysis because of major errors (i.e. values with a |𝑧𝑟𝑜𝑏,𝑖| > 5.0) are 

mentioned in the legend. Results were analysed according to DIN 38402-45:2014 (see paragraph 2.2. 

for details). 

 

3.2.1. Cell concentration 

The species No. 1 was Desmodesmus communis and the robust mean was 2.29 106 cells/L (Fig. 17). 

This species grows in coenobia and therefore these coenobia had to be enumerated. A standard of 4 cells 

per coenobium was adopted, and this species was counted in 4 transects at 400× magnification. Using 

this strategy, approximately 290 coenobia (i.e. ~1,160 cells) were recorded. Many participants also 

counted coenobia (as objects). Four results (6.3%) were excluded from the analysis because the values 

had a |𝑧𝑟𝑜𝑏,𝑖| > 5.0. Participant 32 delivered correct values after seeing the pre-liminary results.  

Participants 1, 6, 27, 57 and 59 reported a too low cell concentration for reaching the lower tolerance 

limit. The result of participant 44 exhibited zu-scores greater than +2. The deviation from the robust 

mean for participant 27 may be due to an insufficient number of cells counted. Participant 59 only 

counted 1 transect which may have led to the deviation from the mean (see above). The photos here 

show the species in coenobia containing 4 or 2 cells, although some with 1 or 3 were also found. 
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Figure 17: Cell concentration of species 1: Desmodesmus communis. The right panel is the result of the EQAT 

laboratory, whereas the left panel shows the results of the participants. The laboratories with a value of |𝑧𝑟𝑜𝑏,𝑖| > 5.0 
were nr. 32 (5.5 105 cells/L), nr. 42 (2.7 105 cells/L), nr. 55 (2.0 103 cells/L) and nr. 76 (4.0 106 cells/L). The robust 

mean, lower and upper tolerance limits were 2.29 106, 1.43 106 and 3.34 106 cells/L, respectively. The between-

laboratory variance was 20.41% and the repeatability variance 10.05%. The expanded measurement uncertainty 

(U) was 42.4%. 

 

To investigate whether these discrepancies were related to the choice of a particular counting strategy, 

we have summarised the counting strategies in Table 9. Most participants counted species 1 in transects, 

which is the preferred strategy. Some participants (e.g. no. 59) counted only 1 transect, which is 

insufficient. Although the number of particles counted may be adequate, the distribution of the cells 

across the chamber may not be random enough to ensure an accurate estimate. A minimum of two 

transects is always required. Once two transects have been counted and a relatively large discrepancy in 

the count values has been identified, it is necessary to count two further transects. When counting 

relatively large taxa such as Desmodesmus communis, at 400x or 600x magnification, a very large 

number of fields must be counted in order to achieve a reliable number of objects (coenobia). 

Table 9. Summary of counting strategies used for species 1: Desmodesmus communis. 
counting 

area 

number of counting areas used magnification counted objects/cells number 

of labs min mean max min mean max min mean max 

chamber - - - - - - - - - 0 

transect 1 2.1 8 160 337 600 46 724 2555 42 

fields 5 109.1 365 100 425 630 37 307 2192 22 

 

Species No. 2 was Closterium acutum and the robust mean was 1.09 105 cells/L (Fig. 18). The single 

cells were counted in the EQAT laboratory across four transects at a 100-fold magnification. Using this 

strategy, approximately 270 cells were captured.  

Participant 55 reported a cell concentration that was too low to meet the lower tolerance limit, whilst 

participants 24, 27, 44, 73 and 76 reported cell concentrations that were too high. The deviation from 

the robust mean of participants 24, 27, 44, 55, 73 and 76 could have resulted from counting an 
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insufficient number of cells. Most of these participants counted this species in 20-30 fields in a 400-

600-fold magnification. This species is too large for such a strategy! The following photos show typical 

cells from the culture, the shape of which differs from that of the wild-type cells normally found in the 

phytoplankton. 

 

 
Figure 18: Cell concentration of species 2: Closterium acutum. The right panel is the result of the EQAT 

laboratory, whereas the left panel shows the results of the participants. The robust mean, lower and upper tolerance 

limits were 1.09 105, 4.09 104 and 2.08 105 cells/L, respectively. The between-laboratory variance was 36.21% 

and the repeatability variance 10.77%. The expanded measurement uncertainty (U) was 73.5%. 

 

To check if these deviations were related to the choice for a counting strategy, we summarized the 

counting strategies in Table 10. Most of the participants counted species 2 in transects at a moderate 

magnification, which was the preferred strategy.  

Table 10. Summary of counting strategies used for species 2: Closterium acutum. 
counting 

area 

number of counting areas used magnification counted cells number 

of labs min mean max min mean max min mean max 

chamber 0.3 0.8 1 100 150 200 46 529 975 10 

transect 1 3 10 100 227 400 10 107 586 35 

fields 5 124.4 345 100 414 630 4 41 363 19 

 

Species No. 3 was Cosmarium regnellii and the robust mean was 4.84 105 cells/L (Fig. 19). One 

Cosmarium cell consists of 2 semi-cells. The EQAT laboratory counted this species in 4 transects at a 

400-fold magnification. Using this strategy, approximately 240 cells were captured. Four results (6.3%) 

were excluded from the analysis because the values had a |𝑧𝑟𝑜𝑏,𝑖| > 5.0.  

Participants 1, 37 and 57 reported a cell concentration that was too low to meet the lower tolerance 

limit. Participants 33, 44, 73, 76 and 86 reported values that were too high. The photos below show 

various cells from the mono-culture as well as one cell with an apical view (right).  
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Figure 19 Cell concentration of species 3: Cosmarium regnellii. The right panel is the result of the EQAT 

laboratory, whereas the left panel shows the results of the participants. The laboratories with a value of |𝑧𝑟𝑜𝑏,𝑖| > 5.0 
were nr.  42 (5.79 104 cells/L), 54 (9.14 105 cells/L), 55 (1.06 103 cells/L) and 70 (9.57 105 cells/L). The robust 

mean, lower and upper tolerance limits were 4.84 105, 2.82 105 and 7.37 105 cells/L, respectively. The between-

laboratory variance was 22.9% and the repeatability variance 10.33%. The expanded measurement uncertainty (U) 

was 47.3%. 

 

The applied counting strategies are summarised in Table 11. Most participants counted species 3 in 

transects using a higher magnification, which was the preferred strategy. Participants 33 and 44 used a 

smaller sedimentation volume. Although their strategy was sound, the number of captured cells was 

multiplied by a higher factor to obtain cells/L, which can lead to deviating results. Participant 73 counted 

too few cells, using a counting strategy similar to that employed for species 2. Differently sized taxa 

cannot be enumerated with the same counting strategy. 

Table 11. Summary of counting strategies used for species 3: Cosmarium regnellii. 
counting 

area 

number of counting areas used magnification counted cells number 

of labs min mean max min mean max min mean max 

chamber - - - - - - - - - 0 

transect 1 2.3 8 160 335 600 38 187 656 44 

fields 5 109.1 337 100 460 630 14 108 569 20 

 

Species No. 4 was Dolichospermum sp. and the robust mean was 1.35 107 cells/L (Fig. 20). For species 

4 and 5 the EQAT laboratory measured the filament length and divided this by measured cell width to 

calculate the cell counts. The filaments of the species 4 were captured in 4 video transects at a 400-fold 

magnification. Using this strategy, approximately 390 filaments (this being ~6000 cells) were counted. 

See the photos below showing the green measuring line indicating the length measurement. Although 

curved filaments were slightly underestimated, this hardly influenced to cell enumeration because of the 

high number of measurements. Two results (3.1%) were excluded from the analysis because the values 

exhibited a |𝑧𝑟𝑜𝑏,𝑖| > 5.0.  
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Participants 27, 32, 42, 55 and 76 reported cell density that was too low to meet the lower tolerance 

limit. Participant 24 reported a value that was too high. The following photographs show some filaments. 

 

 
Figure 20: Cell concentration of species 4: Dolichospermum sp. The right panel is the result of the EQAT 

laboratory, whereas the left panel shows the results of the participants. The laboratories with a value of |𝑧𝑟𝑜𝑏,𝑖| > 5.0 
were nr. 28 (8.38 107 cells/L) and 70 (4.31 107 cells/L). The robust mean, lower and upper tolerance limits were 

1.35 107, 4.77 106 and 2.63 107 cells/L, respectively. The between-laboratory variance was 37.76% and the 

repeatability variance 8.55%. The expanded measurement uncertainty (U) was 76.2%. 

 

The counting strategies used are summarised in Table 12. Most participants counted this species in 

transects, which was the preferred strategy. In addition, many participants, similar as the EQAT 

laboratory, measured filament length and divided by cell width. Counting in fields resulted in a greater 

variation in the zu-score (ranging from -3.1 to +4.0). Counting this species proved very difficult, as many 

cells were in the process of division. Interpretation if one counts this as 1 or 2 cells will be different 

among participants. Our laboratory has an “unspoken rule” that if the cell could survive alone, it is 

counted as 1 cell. If the cells have not yet completed division, they are counted together as 1 cell. A 

French participant pointed out that, in France, any cell undergoing division that can be recognised as 

developing into a new cell is counted as 2 cells. Without any doubt, the cell number of filamentous 

species, such as Dolichospermum and Planktothrix (species 5) will have little relevance for water quality 

reports. The biovolume concentration will be more reliable, as the 20 measured cells will include the 

interpretation of cell division. 
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Table 12. Summary of counting strategies used for species 4: Dolichospermum sp. 
counting 

area 

number of counting areas used magnification counted objects/cells number 

of labs min mean max min mean max min mean max 

chamber 0.3 0.3 0.3 200 200 200 1100 1100 1178 1 

transect 1 2.1 10 160 330 400 24 2254 11735 35 

fields 5 76.8 337 200 409 630 26 1144 4320 28 

 

Species No. 5 was Planktothrix rubescens and the robust mean was 6.16 106 cells/L (Fig. 21). Again, 

we measured filament length and divided this by measured cell height to calculate the cell counts. 

Filaments of this species were captured in 4 video transects at 100-fold magnification. Using this 

method, approximately 177 filaments (corresponding to ~12,400 cells) were counted. Five results 

(7.9%) were excluded from the analysis because the values had a |𝑧𝑟𝑜𝑏,𝑖| > 5.0. 

Participants 26, 27, 32, 42 and 55 reported cell concentration that was too low, whilst participant 76 

reported a cell concentration exceeding the higher tolerance limit. The cell enumeration of species 5 had 

the highest expanded measurement uncertainty. This is likely a result of the small cell size and the often 

long filaments. Although the height of the cell (a cylinder) could have been measured, we decided to 

provide this value in order to minimise the counting error. The following photos show the many long 

filaments and some shorter filaments present in the sample. 

 

 
Figure 21: Cell concentration of species 5: Planktothrix rubescens. The right panel is the result of the EQAT 

laboratory, whereas the left panel shows the results of the participants. The laboratories with a value of |𝑧𝑟𝑜𝑏,𝑖| > 5.0 
were nr. 13 (2.09 107 cells/L), 22 (1.89 107 cells/L), 24 (3.92 107 cells/L), 70 (2.19 107 cells/L) and 73 (2.57 107 

cells/L). The robust mean, lower and upper tolerance limits were 6.16 106, 1.89 106 and 1.27 107 cells/L, 

respectively. The between-laboratory variance was 41.65% and the repeatability variance 14.85%. The expanded 

measurement uncertainty (U) was 85.0%. 

 

The counting strategies for species 5 are summarised in Table 13. Most participants counted species 5 

in transects, which was the preferred strategy. Compared to species 4 a lower magnification should be 

used, because the filaments of Planktothrix are longer and less abundant. This was, in fact, the approach 

taken by most participants. For both Dolichospermum and Planktothrix, we observed a greater 

variability in the zu-score when counting in fields than when counting in transects. This suggests that 

fields are less suitable for counting filamentous species, which is likely due to the fact that a single 

filament counts as one object and at least five objects should be captured in 1 field.  



 
Final report proficiency test phytoplankton 2025 / 2026 

Seite 25 von 74 
 

Table 13. Summary of counting strategies used for species 5: Planktothrix rubescens. 
counting 

area 

number of counting areas used magnification counted objects/cells number 

of labs min mean max min mean max min mean max 

chamber 0.3 0.8 1 200 200 200 27 157 227 3 

transect 0 2.5 10 100 273 400 12 2593 10972 40 

fields 5 97.5 337 100 423 630 8 502 2555 20 

 

In summary: An initial overview of the chamber should provide the participant with the information 

needed to choose the correct counting strategy. Once 2 transects have been counted and a relatively 

large difference between the counts has been observed, it is necessary to count two further transects.  

Some participants choose the same counting strategy for all species. This inflexible approach for 

counting can lead to, and in some cases led to, an incorrect estimate of cell concentration. With natural 

phytoplankton samples, one cannot expect to be able to count all differently sized taxa using a single 

strategy at a single magnification.  

In some cases, the incorrect cell concentration was due to an insufficient number of cells counted in 

the method for the species in question. If the taxon is not single-celled but lies before in coenobia or 

filaments, the minimum number to be counted is based on the number of coenobia or filaments.  

The greatest variation between and within participants in cell concentration was observed for species 

5 (Planktothrix rubscens), where the between-laboratory variance was 41.65%, and the repeatability 

variance 14.85%. This is likely due to the long filaments, that enhance the necessity for counting a large 

surface area.  

The highest expanded measurement uncertainty (U, 85.0%) was therefore also found for species 5 

(Planktothrix rubescens). The reliability of cell counts for such filamentous species is questionable.  

For interested participants, we offer an evaluation of the total cell concentration in Appendix 1. 

3.2.2. Cell volume 

On average, 61 participants reported a cell volume for all species, and those values were quite similar 

to those from the EQAT laboratory (Fig. 22). Please note that results from participants that deviated 

significantly from the median (|𝑧𝑟𝑜𝑏,𝑖| > 5.0 ) were excluded (see the table captions for the individual taxa 

for details). In addition to cell volume, all participants specified a geometric shape that was used to 

calculate the cell volume, which will be included in our evaluation below. 

 
Figure 22: Cell volumes (in µm3/cell) of the species present in the phytoplankton sample (component 2. 

Nparticipants=60-62). Summary data from the participants (“Lab”) are shown directly next to those from the EQAT 

laboratory (“EQAT”). The orange box is the median value and the whiskers reach to the minimum and maximum. 

A, species 1; B, species 2; C, species 3; D, species 4; E, species 5. 
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For species 1: Desmodesmus communis, the single cell volume reported by the participants ranged 

from 31.3 to 536.4 µm3. The median value was 321.4 µm3. The median value from the EQAT laboratory 

was 355.6 µm3 (Fig. 22A).  

Most participants calculated the cell volume on the basis of a spheroid (Table 14), in accordance with 

the preferred geometric formula (DIN EN 16695:2015; HTL 2020) also used by the EQAT laboratory. 

The use of a cylinder with 2 half spheres, a double ellipsoid and a cuboid resulted in deviating results. 

There were only 2 participants with a result strongly deviated from the median (|𝑧𝑟𝑜𝑏,𝑖| > 5.0 ), which 

were excluded from the calculated mean in Table 14. 

 

Table 14. Geometric shapes used to calculate cell volume of species 1: Desmodesmus communis. The bold formula 

is the preferred following DIN EN 16695:2015, and the HTL (2020). The laboratories with a value of |𝑧𝑟𝑜𝑏,𝑖| > 5.0 
were nr. 27 (1,591 µm3).and 86 (1,330 µm3). 

Formula Number of participants Mean cell volume (µm3) 

Spheroid 53 330 

Ellipsoid (unknown factor) 5 322 

Cylinder with 2 half spheres 1 44 

Double-ellipsoid (unknown factor) 1 1591 

Quader (with factor 10) 1 31 

 

For species 2: Closterium acutum, the cell volume reported by the participants varied between 435.4 

and 9,515 µm3. The median value was 5,848 µm3. The median value of the EQAT laboratory was 5,813 

µm3 (Fig. 22B). 

Some participants commented that the cells of Closterium acutum were ‘too thick’ one participant 

even provided an alternative determination. The deviation in cell width from that of a natural Closterium 

acutum results from cultivation. To prepare a natural sample for component 2, we either provide a 

natural sample containing the full species diversity and turbidity, or we mix cultured algae. The latter 

option has the advantage that only phytoplankters that need to be counted are present, and that the 

turbidity is low. The disadvantage is that the cells may look different from those observed in nature. 

This was the case with Closterium acutum. Nevertheless, it remains the same species.  

Most participants choose the shape of a spindle to calculate the cell volume. This shape is 

recommended by both DIN EN 16695:2015 and HTL (2020). There was 1 participant who also used a 

spindle shape, but with a result strongly deviated from the median (|𝑧𝑟𝑜𝑏,𝑖| > 5.0 ), which was therefore 

excluded from the calculated mean in Table 15. The use of a double cone or of a cylinder with 2 cones 

led to an overestimation of the cell volume, whereas an ellipsoid underestimated the cell volume.  

 

Table 15. Geometric shapes used to calculate cell volume of species 2: Closterium acutum. The bold formula is 

the preferred following DIN EN 16695:2015, and the HTL (2020). The laboratory with a value of |𝑧𝑟𝑜𝑏,𝑖| > 5.0 was 

nr. 36 (58,131 µm3). 
Formula Number of participants Mean cell volume (µm3) 

Spindle 48 5838 

Double cone 11 40890 

Cylinder with 2 cones 1 9515 

Cone 1 3608 

Ellipsoid (with factor 10) 1 435 
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For species 3, Cosmarium regnellii, the cell volume reported by the participants varied most widely 

between 62.8 and 1078.4 µm3. The median value was 375.4 µm3. The median value of the EQAT 

laboratory was 461.4 µm3 (Fig. 22C). 

The DIN EN 16695:2015 recommends only one general shape for Cosmarium sp. namely a double 

ellipsoid with a flattening factor of 0.6. The HTL (2020) also recommends only one shape for 

Cosmarium sp., but points out that the flattening factor of 0.6 flattens the semi-cell too much and that a 

double spheroid is preferable. To assist the participants in their choice, a photo was included in the on-

line forms showing an apical view directly alongside a front view of the cell. These views illustrate that 

the double spheroid shape is preferable. This formula was used by most participants and was also 

employed by the LTV (Table 16). The use of the double cone and cylinder resulted in significantly lower 

cell volumes. 

Table 16. Geometric shapes used to calculate cell volume of species 3: Cosmarium regnellii. The bold formula is 

the preferred following DIN EN 16695:2015. The bold+underlined shape is the preferred one in the HTL (2020).  
Formula Number of participants Mean cell volume (µm3) 

Double ellipsoid (with factor 0.6) 11 308 

Double spheroid  14 415 

Double ellipsoid (unknown factor) 6 333 

Ellipsoid (with factor 0.6) 3 270 

Ellipsoid (with factor 0.5) 3 354 

Ellipsoid (with factor 0.52) 1 477 

Ellipsoid (unknown factor) 12 469 

Spheroid 9 484 

Double cone 1 109.6 

Cylinder 1 63 

 

For species 4: Dolichospermum sp., the cell volume reported by the participants ranged from 25.4 to 

212 µm3. The median value was 93.4 µm3. The median value of the EQAT laboratory was 94.2 µm3 

(Fig. 22D). 

For the calculation of the cell volume of Dolichospermum sp. the DIN EN 16695:2015 recommends a 

sphere, but it also lists 3 species for which the recommended shape is a spheroid. The HTL generally 

recommends a spheroid, and we used this shape as most cells were more spheroid than sphere-like 

shaped. Most participants arrived at the same result and used a spheroid (Table 17). In our calculation 

the difference between the 2 shapes was not very freat (112.5 and 94.2 µm3 for a sphere and spheroid 

calculation, respectively). The same can be observed for the participants in Table 17. There was only 1 

participant with a result strongly deviated from the median (|𝑧𝑟𝑜𝑏,𝑖| > 5.0 ), which was excluded from the 

calculated mean in Table 17. The use of the cylinder shape resulted in an overestimation of the cell 

volume. 

 

Table 17. Geometric shapes used to calculate cell volume of species 4: Dolichospermum sp. The bold shape is the 

preferred following DIN EN 16695:2015. The bold+underlined shape is the preferred one in the HTL (2020). The 

laboratory with a value of |𝑧𝑟𝑜𝑏,𝑖| > 5.0 was nr. 86 (2,212 µm3). 
Formula Number of participants Mean cell volume (µm3) 

Sphere 19 109 

Spheroid 40 86 

Ellipsoid (unknown factor) 2 79 

Cylinder 1 212 
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For species 5: Planktothrix rubescens, the cell volume reported by the participants varied between 30.9 

and 87.2 µm3. The median value was 63.7 µm3. The median value of the EQAT laboratory was 78.8 

µm3 (Fig. 22E). 

To calculate the cell volume, we specified the height of the cell as 3.3 µm. We did not mention the 

shape of the cell, which, according to DIN EN 16695:2015 and HTL (2020), should be a cylinder. 

Nevertheless, all participants used a cylinder to calculate the cell volume (Table 18). Although everyone 

used the same shape, four results strongly deviated from the median (|𝑧𝑟𝑜𝑏,𝑖| > 5.0 ), which is why they 

were excluded from the calculated mean in Table 18. 

 

Table 18. Geometric shape used to calculate cell volume of species 5: Planktothrix rubescens. The bold formula 

is the preferred following DIN EN 16695:2015, and the HTL (2020). The laboratories with a value of |𝑧𝑟𝑜𝑏,𝑖| > 5.0 

were nr. 10 (4.9 µm3), 27 (4,957 µm3), 32 (205.7 µm3) and 86 (4,615 µm3). 

Formula Number of participants Mean cell volume (µm3) 

Cylinder 60 64 

 

In conclusion: The majority of participants achieved successful results in this part of the proficiency 

test. The cell volume of two or three species in the results of participants 27 and 86 fell outside the 

specified acceptance range. These participants should therefore review their cell measurements and the 

calculation of cell volume. In addition, participant 27 measured only 5 cells for their cell volume 

calculation, whereas at least 20 cells is required. Many participants measured more than 20 cells per 

taxon in their calculation. This is particularly useful for taxa with greater variability in cell size, as a 

larger number of measured cells provides a better representation of the size distribution within the 

population under investigation. 

3.2.3. Biovolume concentration of the phytoplankton 

The participants calculated the biovolume concentration (in mm3/L) for every species from the 

reported cell concentration (in cells/L) and the cell volume (in µm3).  

For species No. 1 (Desmodesmus communis) the robust mean was 0.766 mm3/L (Fig. 23). One result 

(1.6%) was excluded from the analysis because the value had a |𝑧𝑟𝑜𝑏,𝑖| > 5.0. Participants 10 and 42 

reported a biovolume concentration that was too low, whilst participants 27 and 76reported one that was 

too high, exceeding the tolerance limit.  

For species No. 1 (Desmodesmus communis), the robust mean was 0.667 mm³/L (Fig. 23). One result 

(1.6 per cent) was excluded from the analysis as the value exhibited a |𝑧𝑟𝑜𝑏,𝑖| value of > 5.0. Participants 

10 and 42 reported a biovolume concentration that was too low, whilst participants 27 and 76 reported 

one that was too high, exceeding the tolerance limit. 
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Figure 23: Biovolume concentration of species 1: Desmodesmus communis. The right panel is the result of the 

EQAT laboratory, whereas the left panel shows the results of the participants. The robust mean, lower and upper 

tolerance limits were 0.766, 0.250, and 1.548 mm3/L, respectively. The between-laboratory variance was 40.03% 

and the repeatability variance 10.33%. The expanded measurement uncertainty (U) was 80.9%. 

The higher biovolume concentrations provided by participants 27 and 86 can be explained by their 

reported overestimation of cell volume. Alternatively, participant 10 underestimated the cell volume 

which resulted in an underestimated biovolume concentration. The lower biovolume concentration of 

participant 42 could have resulted from the underestimated cell concentration (Fig. 17). In contrast, 

participant 76 overestimated the cell concentration and, consequently, the biovolume concentration.  

For species No. 2 (Closterium acutum) the robust mean was 0.606 mm3/L (Fig. 24). One result (1.6%) 

was excluded from the analysis because the value exceeded a |𝑧𝑟𝑜𝑏,𝑖| > 5.0. Participant 28 reported a 

biovolume concentration that was too low, whereas participant 73 reported a biovolume concentration 

exceeding the upper tolerance limit. 

 
Figure 24: Biovolume concentration of species 2: Closterium acutum. The right panel is the result of the EQAT 

laboratory, whereas the left panel shows the results of the participants. The laboratory with a value of |𝑧𝑟𝑜𝑏,𝑖| > 5.0 
was nr. 27 (1.863 mm3/L). The robust mean, lower and upper tolerance limits were 0.606, 0.210, and 1.193 mm3/L, 

respectively. The between-laboratory variance was 38.36% and the repeatability variance 10.94%. The expanded 

measurement uncertainty (U) was 77.8%. 

The lower biovolume concentration reported by participant 28 likely resulted from their lower cell 

volume measurement. The higher biovolume concentrations of participants 27 and 73 likely resulted 

from overestimating the cell concentration (Fig. 18).  

For species No. 3 (Cosmarium regnellii) the robust mean was 0.187 mm3/L (Fig. 25). Participant 42 

reported a biovolume concentration that was too low to reach the lower tolerance limit, whilst 

participants 27, 32 and 86 provided a biovolume concentration that was too high, exceeding the upper 

tolerance limit. 
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Figure 25: Biovolume concentration of species 3: Cosmarium regnellii. The right panel is the result of the EQAT 

laboratory, whereas the left panel shows the results of the participants. The robust mean, lower and upper tolerance 

limits were 0.187, 0.043, and 0.438 mm3/L, respectively. The between-laboratory variance was 51.1% and the 

repeatability variance 10.40%. The specific measurement uncertainty (U) was 102.9%. 

The lower biovolume concentration reported by participant 42 can be explained by their approximately 

10-fold lower cell concentration (Fig. 19). The higher biovolume concentration of participant 86 likely 

resulted from overestimating the cell concentration (Fig. 19). The overestimation of biovolume 

concentrations by participant 27 could be attributed to the higher cell volume, and for participant 86 it 

is likely due to the overestimated cell concentration (Fig. 19). For participant 32 it is not clear why the 

biovolume concentration was overestimated. 

For species No. 4 (Dolichospermum sp.) the robust mean was 1.298 mm3/L (Fig. 26). Three results 

(3.8%) were excluded from the analysis as the values had a |𝑧𝑟𝑜𝑏,𝑖| > 5.0. Participants 10 and 42 reported 

a biovolume concentration that was too low to reach the lower tolerance limit. Participants 27 and 76 

provided a biovolume concentration exceeding the upper tolerance limit. 

 
Figure 26: Biovolume concentration of species 4: Dolichospermum sp. The right panel is the result of the EQAT 

laboratory, whereas the left panel shows the results of the participants. The laboratories with values of |𝑧𝑟𝑜𝑏,𝑖| > 5.0 
were nr. 24 (5.587 mm3/L), 28 (5.482 mm3/L) and 86 (36.394 mm3/L). The robust mean, lower and upper tolerance 

limits were 1.298, 0.344, and 2.853 mm3/L, respectively. The between-laboratory variance was 46% and the 

repeatability variance 8.64%. The expanded measurement uncertainty (U) was 92.5%. 

The lower biovolume concentration reported by participant 42 can be explained by their lower cell 

concentration (Fig. 20). The higher biovolume concentrations reported by participants 24 and 28 are 

likely due to an overestimated cell concentration (Fig. 20). The high cell volume calculated by 

participant 86 resulted in the overestimation of the biovolume concentration. Conversely, the low cell 

volume provided by participant 10 is likely caused by the underestimation of the biovolume 

concentration. For participants 27 and 76, it is unclear why the biovolume concentration was 

overestimated. 
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For species No. 5 (Planktothrix rubscens) the robust mean was 0.389 mm3/L (Fig. 27). Five results 

(8.3%) were excluded from the analysis because the values had a |𝑧𝑟𝑜𝑏,𝑖| > 5.0. Participants 10 and 42 

reported biovolume concentrations that were too low to reach the lower tolerance limit. Participants 27 

and 76 reported biovolume concentrations exceeding the upper tolerance limit. 

 
Figure 27: Biovolume concentration of species 5: Planktothrix rubescens. The right panel is the result of the 

EQAT laboratory, whereas the left panel shows the results of the participants. The laboratories with values of 

|𝑧𝑟𝑜𝑏,𝑖| > 5.0 were nr. 13 (1.392 mm3/L), 22 (1.324 mm3/L), 24 (3.253 mm3/L), 73 (1.989 mm3/L) and 86 (31.1 

mm3/L). The robust mean, lower and upper tolerance limits were 0.389, 0.117, and 0.812 mm3/L, respectively. 

The between-laboratory variance was 42.36% and the repeatability variance 15.84%. The expanded measurement 

uncertainty (U) was 86.7%. 

The lower biovolume concentration reported by participant 42 can be explained by their lower cell 

concentration (Fig. 21). The higher biovolume concentrations of participants 13, 22, 24, 73 and 76 likely 

resulted from a higher cell concentration (Fig. 21). The high cell volume calculated by participants 27 

and 86 led to the overestimation of their biovolume concentration. Alternatively, the low cell volume 

provided by participant 10 likely caused the underestimation of the biovolume concentration.  

In conclusion: Some deviations in the biovolume concentration were attributable to differing results 

for cell concentration (participants 13, 22, 24, 27, 28, 42, 73, 76 and 86), some resulted from deviations 

in the cell volume (participants 10, 27, 28 and 86). These participants, as well as no. 32 should review 

the underlying measurements and calculations in each case. 

The variation in the participants’ results and the expanded measurement uncertainty derived from them 

were, overall, higher for the biovolume concentration than for the cell concentration. This is plausible, 

as the biovolume concentration is calculated from the cell concentration and cell volume, and thus the 

variability of both input variables is reflected in the result. The greatest variation between the 

participants in the biovolume concentration was found for species 3 (Cosmarium regnellii). The 

between-laboratory variance (SL) here was 51.1%. Accordingly, the highest expanded measurement 

uncertainty (U, 102.9%) was also determined for this species.  

For interested participants, we provide an evaluation of the total biovolume concentration of the 

phytoplankton sample in appendix 1. 

The majority of participants performed very well in component 2. Only 11 out of 64 participants 

failed the cell concentration section of this component (17.2%) and 9 out of 62 participants failed 

the biovolume concentration part (14.5%). A maximum of 5 points could be awarded for each 

part, and we set the success level at 80%. This means that one deviation from the zu-score of |2| 

from the robust mean was tolerated to pass one part of this component. The major problems for 

not passing this component have been discussed above (choice of counting strategy, choice of 

geometric formula, calculation mistakes). 
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3.3. Component 3: Video clips / Taxonomy 

This component requests the taxonomic identification of 10 limnetic algal taxa on the basis of video 

clips to the pre-assigned determination level. Sixtyfour laboratories participated in this component. Most 

videos were recorded on Lugol-fixed material and comprehensive information (e.g. about size) was 

provided. In component 3 we asked for the following species or genus names (Table 19). 

The overall success rate in component 3 demonstrated excellent phytoplankton identification skills by 

most participants (76.6% of the participants had a score >9 points). Only 5 participants failed to achieve 

the required 80% of the maximum score (10 points), as shown in Fig. 26. 

The specification of the identification literature used is important for the technical evaluation of the 

taxonomic results. Depending on the literature consulted, different identification results may arise for 

individual taxa. Knowledge of the identification basis used therefore enables better traceability and 

classification of the submitted answer. 
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Table 19. List of the pre-assigned taxonomic determination levels, the preferred name and a screenshot of the 

video.  

No.  Determination level, name & preview No.  Determination level, name & preview 

1 Species: Monactinus simplex 

 

6 Genus: Scourfieldia 

 

2 Genus: Anathece 

 

7 Species: Staurastrum lapponicum 

 

3 Species: Desmodesmus armatus 

 

8 Species: Microcystis flos-aquae 

 

4 Species: Centronella reicheltii 

 

9 Species: Gyrosigma acuminatum 

 

5 Species: Dinobryon sociale 

 

10 Species: Chrysochromulina parva 
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3.3.1. Accepted synonyms and other species names 

Additional to the preferred taxonomic names listed in Table 19, there were some synonymous names 

and similar looking species or taxa which we therefore also considered to be correct. These are 

exclusively species or taxa that cannot be distinguished, or can only be distinguished with great 

difficulty, from the taxon to be identified in the video or in the light-microscope image. 

Video 1. We accepted the objective synonym Pediastrum simplex. This is the outdated name (HTL, 

2020; Komárek & Jankovská, 2001).  

Video 2. We searched for the subgenus Anathece, but also accepted Aphanothece. Because the size of 

the cells is very small, Anathece was our preferred determination (Komárek & Anagnostidis, 1999). 

Video 3. We aimed to hear the new name for the species Scenedesmus helveticus (Komárek & Fott, 

1983), being Desmodesmus armatus (Hegewald, 2000). We also accepted the synonym Scenedesmus 

pseudohelveticus, because it is described under the species Scenedesmus helveticus (nr 81: p. 898) and 

the plate (p. 899, Fig. 4) shows a rather similar coenobium as that shown in the video. We did not accept 

Desmodesmus pseudohelveticus, because only the species Scenedesmus helveticus can be reached via 

the determination key. Scenedesmus pseudohelveticus is listed merely as a synomym under Scenedesmus 

helveticus, without having an art description and is not molecular characterised as belonging to the genus 

Desmodesmus.   

Video 4. We aimed to hear the currently accepted name for the species Fragilaria reicheltii, being 

Centronella reicheltii (Voigt, 1901).  

Video 5. We also accepted Dinobryon sociale var. stipitatum and Dinobryon stipitatum. The latter 2 

species were originally not described in detail. In modern taxonomic literature, Dinobryon stipitatum is 

often considered a variety of Dinobryon sociale and at present it remains unclear if we talk about 1 or 2 

species. In theory, one could summarize them as the Dinobryon sociale / stipitatum-complex.  

3.3.2. Description of the taxonomy’s species 

The species in video No. 1 could be identified as Monactinus simplex (Meyen) Corda, 1839 using 

Komárek & Fott (1983: p. 288, plate 84: 1). Alternatively, the identification was also possible with John 

et al. (2011: p. 465, plate 119: fig. M). The plate-like arranged cells of the Chlorophyta /Pediastrum 

structure are clearly visible. The morphological feature of the Pediastum simplex group, with one cell 

wall extension per cell is clearly visible. 

 

Although correct, one cannot determine this phytoplankton species with the following literature: Color 

Atlas of Freshwater Algae, Das Leben im Wassertropfen, Euastrées et les Cosmariées, or algaebase.org. 

 

The genus level was required in video No. 2. We identified this species as Aphanothece minutissima 

(West) Komárková-Legnerová & Cronberg, 1994 using Komárek & Anagnostidis (1999: p. 74, plate 

54). However, with other taxonomic literature, one reaches another species. Therefore, only the genus 

Aphanothece Nägeli, 1849, Anathece (Komárek & Anagnostidis) Komárek, Kaštovský & Jezberová, 

2011 was required.  

An identification as Aphanothece pseudoglebulenta Joosten was possible with Joosten (2006: p. 488, 

plate 121, fig. A). The genus could be determined as a colony of small elongated (non-reticulate) cells. 

Cyanodictyon can be ruled out because the following characteristics in the key do not apply: 10a 
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“reticulate” (exclusion criterion), and 6b (net-like colonies, at least partly in rows) can be partially ruled 

out. Two cells after division do not form a row. 

Although correct, one cannot determine this phytoplankton species with the following literature: 

Colour Atlas of Cyanophytes or, Das Leben im Wassertropfen. 

The species in video No. 3 could be determined as Scenedesmus helveticus Chodat, 1926 with 

Komárek & Fott (1983: p. 898, plate 242, fig. 3) and as Desmodesmus armatus with John et al. (2011: 

p. 441, plate 110: fig. I [not F!]). The name that we searched for was the new name of this species: 

Desmodesmus armatus (Chodat) Hegewald, 2000 (see HTL, 2020). Especially characteristic for this 

species is that the cells bear longitudinal and crested ridges. 

The video did not show Desmodesmus lefevrei, because the description in Komárek & Fott (1983) on 

p. 876 states: “There are rows of small teeth on the sides of the cells.” However, ribs can seen there in 

the video. Nor did the video show Desmodesmus flavescens, as John et al. (2011) state on p. 443: 

“species has 2 shorter equatorial spines on outer side of each marginal cell” (see Plate 110L) which are 

not visible in the video. The video did not show Desmodesmus costato-granulatus, because that species 

has a granulation, which is not shown in the video.  

Although sometimes correct, one cannot determine this phytoplankton species with the following 

literature: Süßwasserflora von Mitteleuropa Band 15 Chlorophyta VII (Bryopsidophyceae: 

Cladophorales, Sphaeropleales) or, Das Leben im Wassertropfen. 

The species in video No. 4 is described as Fragilaria reicheltii (Voigt) Lange-Bertalot, 1986 in 

Krammer & Lange-Bertalot. (1991/ 2000: p. 132, fig. 117: 1, 2). The preferred name is Centronella 

reicheltii Max Voigt 1901. John et al. (2011) does not contain any Bacillariophyceae. The tripolar, star-

shaped shells are a very distinctive feature of this species. 

Although sometimes correct, one cannot determine this phytoplankton species with the following 

literature: cfb.unh.edu/phycokey, algaebase.org or, Das Leben im Wassertropfen  

The species in video No. 5 could be determined as Dinobryon sociale Ehrenberg 1834 with Starmach 

(1985: p. S.234, Fig. 274, 275, 276) or with John et al. (2011: p. 292, plate 76: fig. F, G). The slightly 

pointed lorica within a colonial structure provides a first clue. The lorica shape and size allow for several 

possibilities. But, although the lorica is quite narrow, the (lower) conical shape narrows the options 

down. In addition, the lack of undulation in the lorica is an important observation  

There may be a small problem with the identification of Dinobryon sociale in the identification book 

of John et al. (2011), because only 2 varieties are shown, without any adjustments in the lorica size. For 

both varieties the drawings, however, show a generally narrower width of the lorica as written in the 

text under Dinobryon sociale, and this information can only be deduced from the illustration.  

Dinobryon bavaricum can be excluded from the determination, because for this species the ratio of the 

hollow stalk and the lorica is approximately 1:1, and the lorica is slightly undulating, neither of which 

is clearly visible in the video. 

The algae in the video was also not Dinobryon divergens because its lorica has very characteristical 

undulations that were not visible in the video. Generally speaking , Bourrelly’s book “Les Algues d’eau 

douce” does not enable a determination of Dinobryon to the species level. It contains limited examples 

that offer determination only to the genus level.  
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It is unlikely that our video shows the Korean species Dinobryon cylindricollarium, but to exclude this 

investigations using integrative taxonomy would be required. 

Although sometimes correct, one cannot determine this phytoplankton species with the following 

literature: Bourrelly „Les Algues d’eau douce“, Süßwasserflora von Mitteleuropa Band 12 Chlorophyta 

IV (Chlorophyceae p.p.: Stichococcales,Microsporales, Codiolophyceae, Ulotrichales, 

Monostromatales), Süßwasserflora von Mitteleuropa Band 5 Cryptophyceae und Raphidophyceae or, 

Das Leben im Wassertropfen  

The genus in video No. 6 could be identified as Scourfieldia West 1912. Possibly the species is 

Scourfieldia cordiformis Takeda 1916, as described by Ettl (1983). In the order Polyblepharidales (p. 

98) Pedinomonadaceae was selected on the basis of the slighltly unequally sized flagella. As these 

flagella are apically oriented, the genus Scoufieldia (p.108) is selected, and as a result of the crescent-

shaped starch granules and the heart-shaped form, the species is identified as Scourfieldia cordiformis. 

In John et al (2011: p 360), the determination concludes with Scourfieldia caeca (Korschikov) Belcher 

& Swale 1963. Therefore, only the genus level was required. 

Nephroselmis in Ettl (1983) appears morphologically identical to Scourfieldia. However, its starch 

granules are watchglass-shaped, differing from those in Scourfieldia. Although the taxonomic 

organisation of both genera is (probably) different, their similarity warrants a score of 0.5 points. 

The taxon in the video was not Chlamydomonas, because this taxon always has 2 equally sized 

(isokont) flagella. The taxon in the video also wasn´t Ochromonas, as members of the Chrysophyceae 

never contain starch as a storage product and therefore do not stain with Lugol’s solution. 

Although sometimes correct, one cannot determine this phytoplankton species with the following 

literature: Bourrelly „Les Algues d’eau douce“, Kaštovský et al. 2018 or, Das Leben im Wassertropfen. 

The species in video No. 7 was Staurastrum lapponicum (Schmidle) Grönblad 1926. The species can 

be determined using different flora (Coesel & Meesters 2007: p. 188, plate 92, fig. 6-8, Lenzenweger 

1997: p. 100, plate 25, fig.7, Coesel & Meesters 2013; 2023, or with John et al. 2011: p. 709, plate 171: 

fig. D). The genus can be determined as Staurastrum (and not Cosmarium) because the semi-cells are 

slightly twisted (as in many Staurastrum species), whereas in Cosmarium they lie in a single plane. In 

addition, Cosmarium species do not have such a wide isthmus as the cell in the video. 

The species is not Staurastrum punctulatum, because the length-to-width ratio differs between both 

species, which is a more important characteristic than the absolute size. In addition, the semi-cells of 

Staurastrum lapponicum are small ellipsoid and not broad, like in Staurastrum punctulatum, resulting 

in a less widely opened isthmus with a maximum angle of 45° (rather than 80° or more in Staurastrum 

punctulatum). Also visible is the smooth cell wall on the isthmus side of the semi-cell in Staurastrum 

lapponicum (visible after 0:17 min), whereas the cell wall in Staurastrum punctulatum has granules. For 

the identification of this species, no side view is necessary.  

The video does not show Staurastrum bieneanum, as the cell wall is covered with granules and is not 

smooth. It can be distinguished from Staurastrum turgescens on the basis of its outline, that is elliptic-

subrhomboid (Staurastrum lapponicum, see Video) as opposed to elliptic-oblong=oval (S. turgescens) 

according to Coesel & Meesters (2023). A problem with the determination of the cell in the video as 

Cosmarium depressum, is the granulate cell wall and the relatively closed isthmus (compare John et al. 

2011 p.659, Plate 160Q). Cosmarium neodepressum was determined with the book of “Les Algues d’eau 

douce”, which in this case even does not offer a determination to the genus level. 
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Although sometimes correct, one cannot determine this phytoplankton species with the following 

literature: Bourrelly „Les Algues d’eau douce“, Desmidiaceenflora von Österreich Teil 3 (treats the 

genus Cosmarium), algaebase.org or, Das Leben im Wassertropfen. 

The species in video No. 8 was identified as Microcystis flos-aquae (Wittrock) Kirchner 1898 as 

described in Komárek & Anagnostidis (1999: p. 228, Fig. 300-301). With John et al. (2011: p. 69, plate 

11: fig. J) and Joosten (2006: p. 180, Fig.84). The video shows a typical Chroococcal colony of oval 

shape, with a rather sharp outline in transparent slime. The colony does not lie in a single plane (Pannus 

leloupii therefore excluded, in addition its cells are smaller). Apart from the dividing cells, the cells are 

spherical or nearly spherical, but never ellipsoidal with a length: width quotient of 2:1 (excluding 

Woronichinia naegeliana). Although the colony has a hollow appearance at the start of the video, the 

cells do not form one single layer at the periphery and contain aerotopes (therefore excluding all species 

in the genus Coelosphaerium).   

We ruled out Microcystis microcystiformis because it forms sponge-like colonies, disintegrating into 

small clusters of cells, which is not visible in the video. We also excluded Microcystis smithii, because 

the colony consists of sparsely arranged cells (distance between cells usually > than the cell diameter), 

whereas in the video we see a colony where cells are more densely packed and more irregular distributed. 

We also rejected Microcystis natans, because it is determined by its small cells size (cells < 3.2 µm) and 

not very densely packed cells in the colony. 

Although sometimes correct, one cannot determine this phytoplankton species with the following 

literature: Les Algues d'eau douce, or Phylogeny of the Hydrodictyaceae (Chlorophyceae): inferences 

from rDNA data. 

The species in video No. 9 could be determined as Gyrosigma acuminatum (Kützing) Rabenhorst 

1853 with Krammer & Lange-Bertalot (Teil 2/1, 1997: p.296, Fig. 114:4, 8) or with other diatom pennate 

literature, e.g. Lange-Bertalot et al. (2017: p. 327, Fig. 63:1-4). The video shows a cell belonging to the 

Naviculaceae (based on the central raphe). The cell has a sigmoid shape and more distinct transverse 

striations than longitudinal striations. The cell in the video is too short to be Gyrosigma attenuatum.  

 

Although sometimes correct, one cannot determine this phytoplankton species with the following 

literature: Krammer & Lange-Bertalot (Teil 2/2, 1997), Krammer & Lange-Bertalot (Teil2/4, 2004), 

diatoms.org, algaebase.org, or Das Leben im Wassertropfen. 

The species in video No. 10 could be determined as the Haptophyceae Chrysochromulina parva 

Lackey 1939 with Starmach (1985: p. 468, Fig.1016), and John et al. (2011: p.279, Pl 71C). The small 

bilateral symmetrical cell with 2 parietal chloroplasts possesses 2 equally long flagella and an even 

longer haptonema. The species in the video is not Chromulina minima, because this species only has 1 

flagellum. In addition, the determination could not have been done with Kristiansen & Preisig (2007) as 

the species is not listed in this book. The species Nephroselmis olivacea was suggested by Prompted 

Gemini 3 Pro Model after entering “round alga, approx. 4 µm in diameter, 2 flagella of equal length 

pointing backward. freshwater alga”. Although image recognition software or AI-based analyses may 

be a useful tool for identifying phytoplankton, the result should always be verified against relevant 

specialist literature.  

Although sometimes correct, one cannot determine this phytoplankton species with the following 

literature: Süßwasserflora von Mitteleuropa Band 5 Cryptophyceae und Raphidophyceae, AI, or 

Planktonforum.eu. 
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3.3.3. Scores 

The scores assigned for the taxonomic identification of the taxa shown in the 10 videos were based on 

those for a qualitative analysis (LAWA-AQS Merkblatt A-3 (2013)) (Table 2). In the current rating 

scheme, naming the correct genus is rated higher (0.7) than misidentification of the species within the 

correct genus (0.67). The reason for this choice of rating is that the correct evaluation of lakes is thought 

to be more accurate if only the correct genus is provided rather than if an incorrect species had been 

identified.  

In Table 20 below, we show the results of the taxonomic determinations and their assigned scores 

(following the qualitative assessment given in Table 2). 

Table 20. Results of the taxonomic identification of component (3) and their assigned scores. 

Video number Determination of the participant Number of participants Score 

1 Monactinus simplex 58 1 

1 Pediastrum simplex 5 1 

1 Monactinus simplex var. echinulatum 1 1 

2 Anathece 25 1 

2 Aphanothece 35 1 

2 Cyanodictyon 4 0.5 

3 Desmodesmus armatus 43 1 

3 Scenedesmus helveticus 11 1 

3 Scenedesmus pseudohelveticus 5 1 

3 Desmodesmus pseudohelveticus 1 0.67 

3 Desmodesmus flavescens 1 0.67 

3 Desmodesmus lefevrei 1 0.67 

3 Desmodesmus costato-granulatus 1 0.67 

3 Desmodesmus sp. 1 0.7 

4 Centronella reicheltii 9 1 

4 Fragilaria reicheltii 55 1 

5 Dinobryon sociale 39 1 

5 Dinobryon sociale var. stipitatum 3 1 

5 Dinobryon stipitatum 6 1 

5 Dinobryon bavaricum 15 0.67 

5 Dinobryon divergens 1 0.67 

6 Scourfieldia 52 1 

6 Nephroselmis 3 0.5 

6 Ochromonas 5 0 

6 Chlamydomonas 4 0 

7 Staurastrum lapponicum 51 1 

7 Staurastrum sp. 1 0.7 

7 Staurastrum punctulatum 5 0.67 

7 Staurastrum bieneanum 1 0.67 

7 Cosmarium sp. 1 0.33 

7 Cosmarium depressum 4 0.33 

7 Cosmarium neodepressum 1 0.33 
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Video number Determination of the participant Number of participants Score 

8 Microcystis flos-aquae 54 1 

8 Microcystis microcystiformis 1 0.67 

8 Microcystis smithii 1 0.67 

8 Microcystis natans 1 0.67 

8 Woronichinia naegeliana. 3 0.33 

8 Pannus leloupii 1 0.33 

8 Coelosphaerium sp. 1 0.33 

8 Coelosphaerium kuetzingianum 1 0.33 

8 Coelosphaerium aerugineum 1 0.33 

9 Gyrosigma acuminatum 62 1 

9 Gyrosigma attenuatum 2 0.67 

10 Chrysochromulina parva 62 1 

10 Chromulina minima 1 0 

10 Nephroselmis olivacea 1 0 

 

In Fig. 28, we show the identification success rate per video, revealing that the genus shown in video 

6 was the most difficult species to identify (84%). The average success rate for all videos was above 

80%.  

All participants recognised the species in video 1 and 4 (100%) and almost all (99%) recognised the 

species in video 9. The score for the species or genus in video 2, 3 and video 10 was also very high 

(97%). 

 
Figure 28: The success rate of taxa identification for each video in component 3. The 80% success rate is indicated 

by the dashed red line.  

The total score for component 3 for each participant is shown in Fig. 29. The 80% success rate is 

indicated by a red dashed line and the 100% score is indicated by a black dashed line. The scores are 

ordered by ascending score and laboratory code and show that only 5 of the 64 participants who took 

part in this component of the test failed to achieve the 80% quality target.  

There were 33 participants who achieved the maximum score of 100%. In total, there were fourty-nine 

participants who achieved a score of > 90% (only minor errors). 
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Figure 29: The total score for the taxonomy component (3) for every participant. In the figure also the maximum 

score (100%, dashed black line) and the quality target (80%, dashed red line) is depicted. 

 

The majority of participants performed very well in component 3. Only 5 out of 64 participants 

failed this component (7.8%). A total of 10 points could be achieved, whereby we set the success 

level at 80%. This means that a minimum of 8 points was required to pass this component. 
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5. Appendix 1: Total cell and biovolume concentrations of the phytoplankton sample 

(C 2) 

 
Figure 30: Total cell concentration of the phytoplankton sample. The laboratories with a value of 

|𝑧𝑟𝑜𝑏,𝑖| > 5.0 were nr. 24 (8.23 107 cells/L), 28 (9.3 107 cells/L) and 70 (6.89 107 cells/L). The robust 

mean, lower and upper tolerance limits were 2.24 107; 1.01 107 and 3.92 107 cells/L, respectively. The 

between-laboratory variance was 30.93% and the repeatability variance 5.39%. The expanded 

measurement uncertainty (U) was 62.2%. 

 
Figure 31: Total biovolume concentration of the phytoplankton sample. The laboratories with a value 

of |𝑧𝑟𝑜𝑏,𝑖| > 5.0 were nr. 24 (11.48 mm3/L), 27 (9.41 mm3/L), and 86 (71.17 mm3/L). The robust mean, 

lower and upper tolerance limits were 3.296; 1.230 and 6.286 mm3/L, respectively. The between-

laboratory variance was 36.3% and the repeatability variance 4.058%. The expanded measurement 

uncertainty (U) was 72.8%.  
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6. Appendix 2: Results of component 1 

Table 21. Results of the particle concentration (PC, in particles/L) of the large particles (LP), medium particles 

(MP) and small particles (SP) in the reference counting chamber for every participant (LC). e.e. (excluded from 

evaluation). 

LC 
PC_1   

LP 

PC_2   

LP 

PC_3   

LP 

Zu-

score 

LP 

PC_1     

MP 

PC_2     

MP 

PC_3     

MP 

Zu-

score 

MP 

1 1600 1600 1600 -0.07 20742 19722 21422 -0.05 

2 1580 1600 1700 0.9 21234 23216 22083 0.5 

3 1600 1600 1600 -0.07 19033 19241 19553 -0.6 

4 1600 1600 1600 -0.07 17495 18056 17954 -1.18 

5 1600 1600 1600 -0.07 19493 20050 19772 -0.4 

6 2475 1800 1600 e.e. 20543 19800 19620 -0.31 

9 1620 1600 1600 0.18 21853 19783 18863 -0.24 

10 1382 1633 1885 1.14 19094 21408 24591 0.33 

13 1556 2000 1778 e.e. 21778 23000 23111 0.66 

14 1600 1600 1620 0.18 21021 22099 21560 0.28 

15 1600 1620 1620 0.42 18007 18007 17821 -1.13 

16 1480 1500 1500 -4 21497 20014 19458 -0.17 

19 1580 1600 1620 -0.07 20319 19278 20652 -0.27 

21 1680 1680 1760 3.8 18840 19320 20160 -0.53 

22 1580 1580 1600 -0.56 22984 22818 22151 0.67 

23 1600 1600 1600 -0.07 21300 21400 21000 0.17 

24 1600 1560 1540 -1.3 22083 22525 22525 0.57 

25 1600 1600 1600 -0.07 21867 21682 20941 0.26 

26 1580 1600 1600 -0.31 24300 19692 17597 -0.09 

27 1450 2290 1630 e.e. 22900 17480 16450 -0.73 

28 1560 1560 1520 -2.03 23844 23844 23844 1.09 

29 1120 1080 1040 e.e. 21514 16044 18597 -0.82 

30 1600 1600 1600 -0.07 21003 20801 21407 0.11 

32 350000 200000 250000 e.e. 1750000 1950000 1500000 e.e. 

33 1620 1600 1600 0.18 22729 21710 22525 0.55 

34 1620 1620 1620 0.66 20801 23201 18400 0.02 

36 1620 1640 1620 0.9 26294 20717 14342 -0.12 

37 1360 1280 1340 e.e. 12658 14657 14157 -2.79 

38 1580 1620 1580 -0.31 22246 21631 21836 0.41 

40 1640 1620 1600 0.66 19656 20536 18580 -0.47 

42 1600 1600 1600 -0.07 20480 19680 20040 -0.28 

43 1580 1600 1620 -0.07 18841 21298 28261 0.72 

44 1580 1580 1580 -0.8 30740 31270 27560 3.23 

46 1597 1597 1597 -0.18 19709 19729 19689 -0.42 

47 1620 1580 1620 0.18 24120 22780 21440 0.72 

48 1580 1580 1580 -0.8 17938 17938 17938 -1.14 

49 1600 1600 1600 -0.07 19950 19740 19950 -0.35 

51 1440 1420 1440 e.e. 18404 16173 24539 -0.42 

52 9000 7000 8000 e.e. 116000 104000 99000 e.e. 

53 1540 1540 1600 -1.54 16970 19830 19670 -0.78 

54 1700 1660 1780 4.04 24408 22577 26035 1.27 
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LC 
PC_1   

LP 

PC_2   

LP 

PC_3   

LP 

Zu-

score 

LP 

PC_1     

MP 

PC_2     

MP 

PC_3     

MP 

Zu-

score 

MP 

55 3 1 1 e.e. 29 36 27 e.e. 

56 1600 1600 1600 -0.07 19705 20385 20203 -0.27 

57 795000 773800 763200 e.e. 24490 19295 19640 0.14 

59 3200 3360 2760 e.e. 40520 39040 41520 e.e. 

60 1600 1600 1600 -0.07 22504 23338 24449 0.95 

61 1640 1640 1640 1.38 22423 22627 21608 0.52 

63 1580 1560 1500 -2.03 19200 18280 19040 -0.77 

64 1620 1620 1600 0.42 25277 23238 19569 0.69 

65 1660 1600 1600 0.66 18546 18082 19473 -0.83 

66 1620 1620 1620 0.66 20791 19135 18399 -0.53 

70 2000 4000 3000 e.e. 21000 25000 24000 0.91 

71 1560 1440 1500 -3.75 20403 25073 21386 0.54 

73 3562 3562 3958 e.e. 30081 33643 30081 3.73 

75 1484 1484 1484 -4.34 20374 16442 18944 -0.87 

76 1620 1600 1500 -1.05 23258 24447 24005 1.12 

77 1420 1420 1460 e.e. 23676 22062 17539 0.12 

78 1600 1600 1600 -0.07 18660 20180 18490 -0.66 

80 1000 1000 1000 e.e. 14000 11000 12000 -3.39 

82 1600 1600 1600 -0.07 20300 20200 20280 -0.2 

83 1617 1597 1597 0.07 26068 18134 22101 0.48 

84 1640 1700 1660 2.35 23487 23116 22127 0.76 

86 1700 1580 1620 1.14 22472 18656 19928 -0.16 

87 1580 1600 1560 -0.8 19505 18668 22897 -0.16 

88 1620 1620 1620 0.66 19178 20402 20811 -0.25 

 

LC 
PC_1   

SP 

PC_2   

SP 

PC_3   

SP 

Zu-score 

SP 

1 79569 72088 78209 -0.09 

2 74867 80783 80406 0.26 

3 74703 75521 72451 -0.51 

4 60632 57134 58618 -3.26 

5 75468 77417 75746 -0.16 

6 76725 68860 64400 -1.26 

9 72461 70621 73611 -0.87 

10 74350 87079 79847 0.55 

13 81778 90000 76222 0.91 

14 72732 77140 70528 -0.65 

15 76112 75741 74256 -0.31 

16 70420 71161 73755 -0.95 

19 78761 77171 75494 0 

21 80429 77656 70260 -0.18 

22 85608 82777 83609 1.13 

23 73863 76410 73014 -0.48 

24 68900 84358 73758 -0.26 
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LC 
PC_1   

SP 

PC_2   

SP 

PC_3   

SP 

Zu-score 

SP 

25 70790 73755 69308 -1.04 

26 84374 67172 78640 -0.07 

27 74180 70490 60830 -1.53 

28 87703 87289 86459 1.65 

29 76576 82046 80223 0.41 

30 75876 79955 75876 0.02 

32 5100000 4450000 4050000 e.e. 

33 83781 82965 82965 1.01 

34 80002 79202 76002 0.21 

36 72509 70915 76493 -0.68 

37 53464 55295 52297 -4.16 

38 74938 77604 75861 -0.17 

40 71280 72243 76481 -0.67 

42 84048 77112 75480 0.29 

43 88511 70382 71449 -0.06 

44 92750 91160 89040 2.29 

46 77637 75654 81887 0.21 

47 79060 75040 77720 0.03 

48 69308 69308 69308 -1.39 

49 83580 82950 78330 0.74 

51 73058 74174 86333 0.12 

52 430000 340000 380000 e.e. 

53 76260 70520 76080 -0.5 

54 80074 73050 75157 -0.18 

55 88 82 82 e.e. 

56 77523 80145 78998 0.29 

57 73098 76067 65677 -0.98 

59 145949 148567 144640 e.e. 

60 84182 85849 79181 0.98 

61 69715 77462 87246 0.17 

63 74940 77820 77370 -0.07 

64 85208 83985 85615 1.29 

65 81601 76038 75574 0.1 

66 74442 75931 73449 -0.45 

70 73000 75000 74000 -0.55 

71 79153 83332 82841 0.77 

73 76785 83118 77577 0.34 

75 74525 72202 75240 -0.56 

76 74377 84479 79761 0.4 

77 79002 76006 88251 0.65 

78 73270 75300 72590 -0.6 

80 43678 38000 40000 e.e. 

82 84214 88478 86346 1.52 

83 76220 77637 76787 -0.04 

84 85077 90023 81120 1.37 
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LC 
PC_1   

SP 

PC_2   

SP 

PC_3   

SP 

Zu-score 

SP 

86 73776 76320 75048 -0.37 

87 71519 70718 70980 -1.07 

88 77529 80794 84874 0.65 
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Table 22. Results of the volume concentration (VC, in mm3/L) of the large particles (LP), medium particles (MP) 

and small particles (SP) in the reference counting chamber for every participant (LC). e.e. (excluded from 

evaluation).  

LC 
VC_1   

LP 

VC_2   

LP 

VC_3   

LP 

Zu-score 

LP 
VC_1     

MP 

VC_2     

MP 

VC_3     

MP 

Zu-score 

MP 

1 0.13 0.13 0.13 -0.24 0.273 0.259 0.282 -0.45 

2 0.127 0.128 0.136 -0.2 0.284 0.31 0.295 0.19 

3 0.128 0.128 0.128 -0.5 0.251 0.254 0.258 -0.9 

4 0.137 0.137 0.137 0.63 0.25 0.258 0.256 -0.89 

5 0.13 0.13 0.13 -0.24 0.27 0.278 0.274 -0.38 

6 0.202 0.147 0.13 3.41 0.288 0.277 0.275 -0.22 

9 0.135 0.133 0.133 0.22 0.31 0.281 0.268 -0.05 

10 0.027 0.032 0.037 e.e. 0.065 0.073 0.084 e.e. 

13 0.124 0.16 0.142 1.24 0.292 0.308 0.31 0.35 

14 0.139 0.139 0.14 0.92 0.319 0.335 0.327 0.9 

15 0.132 0.134 0.134 0.18 0.255 0.255 0.252 -0.91 

16 0.126 0.128 0.128 -0.58 0.317 0.295 0.287 0.27 

19 0.131 0.133 0.134 0.1 0.291 0.276 0.296 -0.01 

21 0.138 0.138 0.144 1 0.266 0.273 0.285 -0.36 

22 0.134 0.134 0.136 0.35 0.328 0.326 0.316 0.82 

23 0.129 0.129 0.129 -0.37 0.291 0.293 0.287 0.05 

24 0.136 0.133 0.131 0.18 0.282 0.287 0.287 -0.08 

25 0.135 0.135 0.135 0.39 0.297 0.295 0.285 0.1 

26 0.121 0.123 0.123 -1.23 0.325 0.263 0.235 -0.37 

27 0.125 0.198 0.14 2.75 0.332 0.253 0.238 -0.37 

28 0.136 0.136 0.132 0.35 0.337 0.337 0.337 1.13 

29 0.082 0.079 0.076 e.e. 0.282 0.21 0.244 -1.14 

30 0.129 0.129 0.129 -0.37 0.291 0.288 0.297 0.09 

32 32.039 23.104 27.521 e.e. 26.526 29.85 22.642 e.e. 

33 0.129 0.128 0.128 -0.46 0.299 0.285 0.296 0.12 

34 0.133 0.133 0.133 0.14 0.286 0.32 0.253 -0.05 

36 0.12 0.121 0.12 -1.49 0.333 0.262 0.181 -0.79 

37 0.114 0.107 0.113 -2.66 0.194 0.224 0.216 -2.05 

38 0.129 0.132 0.129 -0.24 0.311 0.303 0.306 0.43 

40 0.136 0.134 0.133 0.31 0.277 0.29 0.262 -0.32 

42 0.134 0.134 0.134 0.27 0.286 0.275 0.28 -0.21 

43 0.126 0.128 0.129 -0.54 0.261 0.295 0.392 0.65 

44 0.132 0.132 0.132 0.02 0.432 0.44 0.388 3.06 

46 0.143 0.143 0.143 1.37 0.304 0.305 0.304 0.38 

47 0.145 0.142 0.145 1.49 0.369 0.349 0.328 1.4 

48 0.128 0.128 0.128 -0.5 0.254 0.254 0.254 -0.91 

49 0.121 0.121 0.121 -1.41 0.266 0.263 0.266 -0.62 

51 0.117 0.116 0.117 -1.97 0.256 0.225 0.348 -0.32 

52 0.732 0.63 0.715 e.e. 1.755 1.574 1.497 e.e. 

53 0.128 0.128 0.133 -0.28 0.245 0.287 0.284 -0.43 

54 0.141 0.14 0.146 1.29 0.345 0.332 0.368 1.4 

55 0.221 0.11 0.11 1.86 0.414 0.504 0.378 3.34 
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LC 
VC_1   

LP 

VC_2   

LP 

VC_3   

LP 

Zu-score 

LP 
VC_1     

MP 

VC_2     

MP 

VC_3     

MP 

Zu-score 

MP 

56 0.136 0.136 0.136 0.51 0.274 0.284 0.281 -0.23 

57 63.719 62.02 61.17 e.e. 0.327 0.258 0.262 -0.16 

59 Not participated Not participated 

60 0.136 0.136 0.136 0.51 0.318 0.33 0.346 1 

61 0.137 0.137 0.137 0.63 0.323 0.326 0.311 0.74 

63 0.127 0.126 0.121 -0.93 0.266 0.253 0.264 -0.72 

64 0.138 0.138 0.137 0.71 0.353 0.325 0.273 0.67 

65 0.131 0.127 0.127 -0.46 0.247 0.241 0.259 -1.04 

66 0.123 0.123 0.123 -1.15 0.272 0.251 0.241 -0.89 

70 No value provided No value provided 

71 0.118 0.109 0.114 -2.36 0.235 0.288 0.246 -0.85 

73 0.355 0.355 0.355 e.e. 0.489 0.554 0.489 5.17 

75 0.132 0.132 0.132 0.02 0.325 0.263 0.303 0.21 

76 0.134 0.132 0.124 -0.24 0.32 0.336 0.33 0.94 

77 0.118 0.118 0.122 -1.62 0.34 0.316 0.252 0.34 

78 0.135 0.135 0.135 0.39 0.274 0.297 0.272 -0.19 

80 0.111 0.117 0.119 -2.1 0.2 0.156 0.172 -2.99 

82 0.13 0.13 0.13 -0.24 0.284 0.283 0.284 -0.12 

83 0.125 0.123 0.123 -1.06 0.332 0.231 0.281 -0.18 

84 0.141 0.146 0.143 1.41 0.341 0.336 0.321 1.03 

86 0.144 0.134 0.137 0.8 0.325 0.27 0.288 0.14 

87 0.131 0.132 0.129 -0.15 0.275 0.263 0.322 -0.04 

88 0.133 0.133 0.133 0.14 0.269 0.286 0.292 -0.16 

 

LC 
VC_1   

SP 

VC_2   

SP 

VC_3   

SP 

Zu-score 

SP 

1 0.131 0.118 0.128 1.29 

2 0.095 0.103 0.102 -0.5 

3 0.095 0.096 0.092 -0.93 

4 0.087 0.082 0.084 -1.69 

5 0.104 0.106 0.104 -0.14 

6 0.1 0.09 0.084 -1.16 

9 0.103 0.1 0.105 -0.29 

10 0.026 0.031 0.028 e.e. 

13 0.106 0.117 0.099 0.06 

14 0.101 0.107 0.098 -0.34 

15 0.109 0.109 0.107 0.12 

16 0.103 0.105 0.108 -0.09 

19 0.113 0.11 0.108 0.26 

21 0.116 0.112 0.101 0.21 

22 0.117 0.113 0.114 0.55 

23 0.1 0.103 0.098 -0.47 

24 0.082 0.1 0.087 -1.28 

25 0.096 0.1 0.094 -0.75 

26 0.093 0.074 0.087 -1.67 
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LC 
VC_1   

SP 

VC_2   

SP 

VC_3   

SP 

Zu-score 

SP 

27 0.098 0.093 0.08 -1.23 

28 0.155 0.154 0.153 3.18 

29 0.099 0.107 0.105 -0.22 

30 0.108 0.114 0.108 0.24 

32 7.933 7.609 6.605 e.e. 

33 0.103 0.102 0.102 -0.32 

34 0.111 0.109 0.105 0.12 

36 0.093 0.091 0.098 -0.95 

37 0.082 0.089 0.09 -1.49 

38 0.113 0.117 0.114 0.55 

40 0.097 0.098 0.104 -0.52 

42 0.115 0.106 0.103 0.1 

43 0.122 0.097 0.098 -0.06 

44 0.12 0.118 0.115 0.75 

46 0.116 0.113 0.123 0.73 

47 0.107 0.101 0.105 -0.16 

48 0.098 0.098 0.098 -0.65 

49 0.109 0.108 0.102 -0.01 

51 0.102 0.104 0.121 0.17 

52 0.684 0.543 0.613 e.e. 

53 0.113 0.104 0.112 0.21 

54 0.115 0.114 0.109 0.41 

55 0.155 0.144 0.144 2.76 

56 0.125 0.13 0.128 1.42 

57 0.096 0.1 0.087 -0.93 

59 Not participated 

60 0.096 0.098 0.09 -0.9 

61 0.108 0.119 0.135 0.95 

63 0.105 0.109 0.109 0.08 

64 0.126 0.124 0.126 1.26 

65 0.109 0.102 0.101 -0.19 

66 0.093 0.095 0.092 -1 

70 No value provided 

71 0.091 0.096 0.095 -0.95 

73 0.141 0.152 0.143 2.6 

75 0.121 0.117 0.122 0.91 

76 0.097 0.11 0.104 -0.22 

77 0.115 0.11 0.128 0.75 

78 0.115 0.118 0.113 0.59 

80 0.054 0.047 0.049 -4.31 

82 0.121 0.127 0.124 1.17 

83 0.09 0.092 0.091 -1.18 

84 0.117 0.124 0.112 0.75 

86 0.105 0.109 0.107 0.03 

87 0.103 0.102 0.103 -0.29 
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LC 
VC_1   

SP 

VC_2   

SP 

VC_3   

SP 

Zu-score 

SP 

88 0.114 0.119 0.125 0.86 
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Table 23. Results of the diameter (in µm) of the large particles (LP), medium particles (MP) and small particles 

(SP) in the reference counting chamber for every participant (LC). 

LC LP_1 LP_2 LP_3 LP_4 LP_5 LP_6 LP_7 LP_8 LP_9 LP_10 

1 53.68 53.68 53.68 53.68 53.68 53.68 53.68 53.68 53.68 53.68 

2 54.5 53.4 54.1 53.7 54 54 53.1 53.9 53.1 53.5 

3 53.45 53.51 53.7 53.71 53.38 53.17 54.04 53.85 53.89 53.79 

4 54.38 54.79 53.98 54.73 54.97 55.08 54.56 54.62 54.95 54.45 

5 54.06 53.76 53.75 53.67 53.61 53.81 53.88 53.9 53.73 53.85 

6 53.87 53.63 53.99 53.38 54.35 53.38 53.75 53.55 54.03 53.69 

9 54.37 54.36 54.06 54.36 54.27 54.16 54.27 54.18 54.3 54.21 

10 33.77 33.58 33.73 33.65 33.64 33.7 33.56 33.58 33.75 33.5 

13 53.41 53.32 53.41 53.12 53.32 53.22 53.42 53.22 53.61 53.32 

14 54.72 54.72 55.1 54.91 54.91 54.72 55.1 54.72 54.72 54.53 

15 54 54 54 53.9 53.8 54 54 53.8 54 53.8 

16 54.62 54.38 54.41 54.71 54.63 54.56 54.42 54.53 54.61 54.7 

19 53.94 54.27 53.78 54.11 54.27 54.11 53.94 54.11 54.27 54.11 

21 54 53.8 53.9 53.8 53.8 53.5 54 54.2 54 53.6 

22 54.5 54.7 54.8 55.4 54.8 54.8 54.3 53.8 54.6 53.9 

23 53.21 53.12 53.67 53.39 53.94 53.11 53.29 53.35 53.84 53.76 

24 54.15 54.22 54.17 53.94 54.3 53.73 54.25 54.32 54.14 53.91 

25 54.41 54.31 54.39 54.28 54.16 54.58 54.38 54.66 54.78 54.77 

26 52 52 52.25 52.74 52.74 53.97 51.51 52.74 52.74 51.51 

27 54.52 54.61 54.76 54.83 54.81 54.63 54.83 54.93 55.24 54.6 

28 54.8 54 55.3 55.3 55 55.3 55 55 55 55 

29 52.54 52.22 52.43 52.51 52.56 52.07 51.89 51.97 52 51.78 

30 53.5 53.3 53.6 53.8 53.4 53.3 53.6 53.9 53.7 53.4 

32 53.55 52.28 53.04 57.38 53.55 55.59 56.01 no value provided 

33 52.95 52.08 53.04 53.24 53.46 53.24 53.05 53.34 53.33 53.24 

34 54.05 53.98 54.11 53.82 53.92 53.83 53.89 53.87 53.78 54 

36 51.78 51.93 51.83 51.94 52.32 52.13 52.22 52.16 52.28 52.03 

37 54.6 54.34 54.53 54.53 53.58 54.25 54.56 53.81 55.1 53.9 

38 53.32 53.07 53.57 53.82 54.06 53.82 54.07 53.57 54.06 54.06 

40 54.64 54.73 53.85 53.6 54.77 54.15 54.15 53.67 54.47 53.96 

42 54.28 54.05 54.41 53.98 54.33 54.4 54.24 54.38 54.45 54.17 

43 53.7 53.4 53.5 53.9 53.4 53.5 54.5 54.5 52.8 53 

44 54.68 53.91 53.75 53.86 54.41 54.61 53.92 54.72 54.2 54.42 

46 55.11 55.11 55.11 55.11 55.95 55.95 55.95 55.95 55.11 55.11 

47 55.8 55.66 55.7 55.56 55.48 55.86 55.31 55.83 55.77 55.52 

48 53.7 53.7 53.7 53.73 53.7 53.87 53.77 53.73 53.7 53.67 

49 52 53.07 52.29 52.2 52.27 52.1 52.39 53.15 52.95 52.61 

51 53.84 53.76 53.67 53.9 53.73 53.67 53.78 53.73 53.67 53.67 

52 56.02 55.03 55.18 55.48 54.79 54.6 54.86 54.25 56.41 54.48 

53 54.17 54.12 54.2 54.46 54.03 54.6 54.1 54.58 54.02 53.92 

54 54.25 54.11 54.43 54.5 54.2 54.25 54.39 54.21 54.09 54.15 

55 54.7 54.3 55.1 54.5 54.7 55.3 55.6 55.1 no value provided 

56 55.18 54.33 54.08 54.37 54.28 54.41 55.3 54.86 54.8 55.15 
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LC LP_1 LP_2 LP_3 LP_4 LP_5 LP_6 LP_7 LP_8 LP_9 LP_10 

57 53.18 53.17 53.53 53.38 53.27 53.18 53.87 53.58 54.05 53.26 

59 51.37 53.5 54.25 55.24 54.61 54.24 56.67 56.5 55.29 53.04 

60 54.52 54.19 55.04 55.17 55.35 55.07 55.06 54.33 54.82 54.62 

61 54.41 54.01 54.03 54.42 54.01 54.42 54.4 54.5 54.1 54.4 

63 54 54.2 54 53.6 53.6 53.6 53.7 53.6 53.4 53.6 

64 53.85 55.51 53.88 54.14 54.85 55.19 55.43 54.29 54.57 56.24 

65 53.24 53.24 53.84 53.36 53.36 53.48 52.64 53.24 53.6 53.36 

66 53 53 53 53 53 53 53 53 53 53 

70 no value provided 

71 53 52 52.5 52 52.5 52.5 52.5 52.5 52.5 52.5 

73 55.86 55.17 54.84 54.97 55.33 55.04 55.04 55.08 55.17 54.59 

75 55.41 55.3 55.89 55.02 55.83 55.4 55.35 55.15 55.25 55.63 

76 54.37 53.99 53.55 53.74 54.21 54.13 54.12 54.25 54.2 53.9 

77 54.74 54.54 55.08 54.6 54.08 54.24 54.07 54.6 54.79 53.96 

78 52.8 54.4 52.8 54.4 54.4 54.4 54.4 52.8 54.4 54.4 

80 53.44 53.44 53.44 51.77 53.44 53.44 53.44 53.44 53.44 53.44 

82 53.84 53.81 53.9 53.91 53.94 53.92 53.84 53.69 53.87 53.85 

83 51.2 52.8 52.48 52 52.8 52.8 53.12 52.8 52.8 54.4 

84 53.23 55.19 55.87 54.01 56.63 55.12 57.39 53.98 53.99 53.98 

86 55.27 54.5 54.05 54.66 54.66 54.35 54.96 54.5 54.5 53.74 

87 54.17 54.16 54.01 53.84 53.98 54.15 54.03 53.98 54.19 54.07 

88 53.82 54.21 54.37 54.06 53.93 53.6 54.01 54.26 54.17 53.89 

 

LC 
LP_ 

11 

LP_ 

12 

LP_ 

13 

LP_ 

14 

LP_ 

15 

LP_ 

16 

LP_ 

17 

LP_ 

18 

LP_ 

19 

LP_ 

20 

Zu-

score 

LP 

1 53.68 53.68 53.68 53.68 53.68 53.68 53.68 53.68 53.68 53.68 -0.43 

2 53.5 53 53.4 53.68 53.56 53.57 53.4 53.21 53.4 52.54 -0.62 

3 53.74 53.18 53.61 53.41 53.82 53.29 53.28 53.21 53.34 53.39 -0.61 

4 54.74 54.68 54.64 54.56 54.87 54.54 54.33 54.89 54.46 54.24 0.71 

5 53.68 53.78 53.72 53.84 53.79 53.65 53.89 53.91 53.83 53.78 -0.29 

6 53.55 54.12 53.44 53.8 53.62 54.05 54.09 53.76 54 53.48 -0.31 

9 54.26 54.18 54.28 54.27 54.25 54.16 54.26 54.27 54.12 54.3 0.25 

10 33.41 33.4 33.6 33.7 33.39 33.35 33.49 33.43 33.58 33.45 e.e. 

13 53.22 53.22 53.51 53.51 53.41 53.41 53.61 53.61 53.51 53.61 -0.78 

14 55.1 55.1 55.1 55.1 54.91 54.72 54.72 54.91 55.1 55.1 1.05 

15 54 54 54 54 54.2 54.1 54 54 54 53.9 -0.07 

16 54.66 54.75 54.58 54.7 54.77 54.57 54.75 54.51 54.56 54.51 0.68 

19 53.94 54.27 54.27 53.94 53.94 54.11 53.94 54.11 54.11 53.94 0.05 

21 53.9 53.8 53.8 54 53.9 54 53.6 54.1 54 54.1 -0.18 

22 54.1 54.5 54.5 54.7 54.1 53.9 53.9 54 54.5 54.2 0.44 

23 53.88 53.31 53.46 53.76 53.2 53.92 53.91 53.35 53.53 53.94 -0.6 

24 54.54 54.37 54.58 55.55 54.94 55.05 55.73 55.39 55.92 55.2 0.71 

25 54.36 54.29 54.45 54.27 54.03 54.23 54.52 54.27 54.08 54.24 0.41 

26 52.74 51.51 53.97 53.97 52.74 51.51 52.74 52.74 51.51 51.51 -1.93 
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LC 
LP_ 

11 

LP_ 

12 

LP_ 

13 

LP_ 

14 

LP_ 

15 

LP_ 

16 

LP_ 

17 

LP_ 

18 

LP_ 

19 

LP_ 

20 

Zu-

score 

LP 

27 54.64 54.9 54.84 54.52 54.78 54.44 54.84 55.22 55.1 56.01 0.99 

28 55 55 55 55 55 55 55 55.3 55 55 1.17 

29 52.69 51.99 51.82 51.92 51.97 51.95 51.73 51.77 52.11 51.75 -2.39 

30 53.9 53.8 53.7 53.8 53.8 53.5 53.1 53.5 54 53.8 -0.51 

32 no value provided 0.55 

33 53.43 53.54 53.62 53.43 53.53 53.44 53.53 53.62 53.44 53.53 -0.89 

34 53.71 54.02 53.92 53.9 53.77 53.87 54.05 53.97 53.95 53.73 -0.15 

36 52.05 52.24 51.81 51.81 52.03 52.27 51.82 51.75 52.13 52.09 -2.45 

37 54.1 54.5 54.5 54.7 54.1 53.9 53.9 54 54.5 54.2 0.3 

38 54.06 53.32 53.57 54.06 54.06 53.32 53.82 54.06 54.31 53.57 -0.31 

40 53.83 53.83 53.99 54.15 54.15 54.15 53.83 53.99 53.88 54.15 0.08 

42 54.58 54.32 54.75 54.05 54.45 54.38 54.01 54.58 54.42 54.24 0.35 

43 52.8 53.5 53.3 52.8 52.8 53.8 53.5 53 53 52.5 -0.82 

44 54.24 54.05 53.96 54.76 54.59 54.55 54.26 54.13 53.75 54.24 0.26 

46 55.95 55.11 55.95 55.95 55.95 55.95 55.95 55.11 55.11 55.11 1.8 

47 55.82 55.8 55.22 55.5 55.31 55.32 55.56 55.8 55.51 55.46 1.88 

48 53.73 53.7 53.87 53.7 53.7 53.83 53.73 53.77 53.73 53.8 -0.36 

49 52.69 52.16 52.69 53.02 53.32 52.22 52.4 52.44 52.17 52.52 -1.84 

51 53.81 53.73 53.69 53.73 53.81 53.72 53.78 53.9 54.01 53.9 -0.32 

52 53.29 54.4 55.24 55.39 53.99 54.2 53.72 53.56 53.36 54.64 0.74 

53 54.38 53.64 53.75 54.09 54.2 54.21 53.71 53.75 53.82 53.78 0.05 

54 54.16 54.06 54.69 54.4 54.04 54.34 54.31 54.26 53.98 54.1 0.26 

55 no value provided 1.06 

56 54.49 54.34 54.22 54.87 55.03 53.81 54.66 54.65 54.41 54.54 0.67 

57 53.18 53.89 53.44 53.95 53.73 53.29 53.55 53.43 53.76 53.15 -0.66 

59 54.93 53.75 54.3 54.3 55.1 55.1 54.6 54.3 54.6 55.2 0.62 

60 54.72 53.94 53.74 54.59 55.37 55.07 54.17 53.81 55.51 54.52 0.78 

61 54.14 54.02 54.02 54.49 54.38 54.42 54.41 54.31 54.41 54.03 0.28 

63 53.8 53.4 53.6 52.5 52.9 52.9 52.9 52.6 52.8 52.9 -0.8 

64 55.26 53.57 53.63 54.86 53.7 54.17 55.15 54.72 53.52 54.91 0.65 

65 53.24 53 53.36 53 53.36 53.6 53.13 52.76 53.6 53.36 -0.91 

66 53 53 53 53 53 53 53 53 53 53 -1.27 

70 no value provided   

71 53 52.5 52 52.5 52.5 52.5 52.5 53 52.5 52.5 -1.88 

73 55.62 55.33 55.17 55.99 55.52 56.03 55.17 55.66 55.33 56.15 1.59 

75 55.05 55.63 55.02 55.46 56.01 55.16 56.08 55.61 55.17 55.03 1.67 

76 54.08 54.1 54.37 54.19 54.03 53.88 54.06 54.04 54.12 54.01 0.04 

77 54.11 54.28 54.31 54.18 54.1 54.72 54.21 54.18 54.65 54.21 0.42 

78 54.4 53.6 52.8 52.8 54.4 54.4 54.4 54.4 54.4 54.4 -0.09 

80 53.44 53.44 53.44 53.44 51.77 51.77 53.44 53.44 53.44 53.44 -1.03 

82 53.95 54 53.84 53.69 53.85 53.92 53.86 54.08 53.95 53.79 -0.19 

83 53.6 52 52.48 53.12 52.8 52.8 54.4 53.6 52 52.48 -1.48 

84 54.24 55.53 56.25 55.33 54.31 56.05 54.37 55.21 54.03 54.08 1.09 

86 54.35 54.2 54.96 53.89 53.89 no value provided 0.48 
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LC 
LP_ 

11 

LP_ 

12 

LP_ 

13 

LP_ 

14 

LP_ 

15 

LP_ 

16 

LP_ 

17 

LP_ 

18 

LP_ 

19 

LP_ 

20 

Zu-

score 

LP 

87 54.4 53.81 54.04 53.98 54.03 53.67 54.08 54.17 53.91 54.12 0.01 

88 53.72 53.88 53.45 53.77 53.47 53.57 54.18 54.01 53.88 53.97 -0.15 

 

LC MP_1 MP_2 MP_3 MP_4 MP_5 MP_6 MP_7 MP_8 MP_9 MP_10 

1 29.28 29.28 29.28 29.28 29.28 29.28 29.28 29.28 29.28 29.28 

2 29.7 29.7 29.2 30 29.8 29.6 29.7 29 29.1 29.6 

3 28.87 29.5 29.32 29.34 29.67 29.1 29.49 29.33 29.23 29.05 

4 30.4 30.61 30.49 30.2 30.09 30.15 30.19 29.95 29.91 30.09 

5 29.49 29.76 29.83 29.84 29.76 29.78 29.89 29.75 29.75 29.73 

6 29.69 30.18 29.69 30.19 30.18 30.67 29.83 30.08 29.62 29.83 

9 30.11 29.95 29.95 29.93 29.9 29.92 30.11 30.12 30.11 30.01 

10 18.75 18.63 18.63 18.8 18.52 18.79 18.91 18.75 18.9 18.67 

13 29.16 29.96 29.69 29.85 29.41 29.49 29.64 29.46 29.43 29.47 

14 30.72 30.34 30.72 30.53 30.53 30.72 30.72 30.91 30.72 30.72 

15 30.1 29.9 30.1 29.8 30.3 29.8 30.2 29.8 30 30.1 

16 30.36 30.3 30.29 30.44 30.33 30.46 30.35 30.49 30.39 30.59 

19 30.21 30.21 29.96 29.96 29.96 29.96 30.12 29.96 29.96 30.04 

21 29.5 29.7 29.5 30.1 30 30.1 29.9 30 29.9 30 

22 30.4 30.3 30.7 30 30 30 30.3 29.8 30.1 30.2 

23 29.81 29.84 29.69 29.55 29.37 29.78 29.75 29.54 29.45 29.78 

24 29.05 29.04 29.19 28.97 28.89 28.89 29.11 29 28.99 28.97 

25 29.73 29.68 29.61 29.39 29.63 29.63 29.83 29.76 29.74 29.77 

26 29.44 29.44 29.44 29.44 29.44 29.44 29.44 28.21 28.21 28.21 

27 30.44 30.56 29.88 30.25 30.36 30.49 30.13 29.87 30.1 30.32 

28 31.6 30 31.6 30 30 30 30 30 30 30 

29 28.95 29.27 29.1 29.33 29.44 29.03 29.01 28.93 29.32 29.25 

30 30 29.9 29.9 29.8 29.8 29.8 29.7 29.5 29.6 29.6 

32 30.6 31.11 31.11 30.6 30.6 30.09 30.6 30.6 30 31.11 

33 29.72 29.43 29.23 29.43 29.33 29.04 29.23 29.43 29.33 29.24 

34 29.97 29.95 29.95 29.85 29.75 29.72 29.82 29.69 29.73 29.72 

36 29 28.96 28.95 28.94 29.07 28.99 29.02 29.2 28.88 28.86 

37 30.9 30.4 30 31.3 30.6 30.79 31.08 30.78 30.85 29.86 

38 30.01 30.01 30.01 29.76 30.26 30.01 30.01 30.01 30.01 29.76 

40 29.96 29.9 30.18 29.99 30.28 29.89 29.99 29.7 29.89 29.9 

42 29.96 29.88 30.15 30.1 29.87 30.2 29.96 29.86 29.9 29.71 

43 29.8 29.9 29.7 29.7 29.9 34.7 29.3 29.3 30 30 

44 29.53 29.82 29.96 30.18 30.15 29.64 29.94 29.92 30.05 30.1 

46 30.9 30.89 30.9 30.89 30.89 30.9 30.9 30.89 30.9 30.9 

47 30.49 31.29 31.13 30.96 30.99 30.53 30.5 30.33 30.95 30.83 

48 30.03 30.1 30 30 29.9 29.93 29.97 30 30 29.93 

49 29.21 29.08 29.33 29.4 29.34 29.31 29.54 29.28 29.37 29.41 

51 29.98 29.78 29.67 29.9 29.73 29.73 29.67 29.88 29.89 29.72 

52 30.91 33.26 31.06 30.44 30.72 31.35 30.98 31.36 29.48 29.52 
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LC MP_1 MP_2 MP_3 MP_4 MP_5 MP_6 MP_7 MP_8 MP_9 MP_10 

53 29.87 30.53 30.47 30.69 30.05 30.4 29.83 29.73 30.16 30.12 

54 30.22 30.14 30.06 30.07 30.07 30.38 30.19 30.34 30.06 30.3 

55 30.5 30.3 30.4 29.9 30.5 29.6 29.7 29.9 29.8 30.1 

56 30.18 29.54 30.01 30.1 29.75 29.76 29.72 29.86 29.74 29.81 

57 30.44 29.62 28.95 29.08 29.47 29.17 28.98 29.56 29.78 29.09 

59 30.27 31.33 30.02 30.29 30.24 30.5 29.93 28.8 28.7 28.7 

60 28.97 28.97 29.08 29.28 29.33 29.51 29.61 29.69 29.83 29.98 

61 29.8 29.8 30 29.9 30.2 29.5 30.6 30.3 30.4 30.2 

63 30.2 29.9 30.5 29.9 30 29.9 29.9 30 29.9 29.8 

64 30.17 29.71 29.38 29.8 29.57 30.02 29.81 29.98 29.91 29.85 

65 29.91 29.45 29.43 29.36 29.57 29.36 29.64 29.45 29.51 29.42 

66 29.6 29.4 29.4 29.6 30.1 29.8 29.1 29.6 29.4 29.4 

70 no values provided 

71 29 29 29 29 29 29 28 28 28 28 

73 31.32 31.16 31.26 30.99 32.32 32.1 31.85 31.21 31.9 30.52 

75 31.38 31.42 31.9 31.94 31.37 30.86 31.03 31.18 31.41 31.33 

76 29.53 29.77 29.57 29.82 29.66 29.72 29.83 29.94 29.7 29.62 

77 30.25 30.32 30.32 30.01 29.89 30.08 30.08 30.15 30.01 30.32 

78 30.4 30.4 30.4 30.4 30.4 32 30.4 28.8 29.6 30.4 

80 30.06 30.06 30.06 28.39 30.06 30.06 30.06 28.39 28.39 28.39 

82 29.9 29.84 30.14 30.21 29.89 29.94 29.8 29.8 29.71 30.13 

83 28.8 28.96 28.8 28.88 28.8 28.8 29.12 28.96 28.96 29.6 

84 30.64 29.87 30.43 29.94 30.46 30.07 29.31 29.73 30.28 30.44 

86 29.92 29.92 29.92 30.38 30.69 29.62 30.69 30.08 30.23 29.77 

87 29.88 29.86 30.09 29.98 29.94 29.89 29.94 29.94 29.89 30.08 

88 29.83 29.71 29.65 30.17 29.87 30.12 30 29.9 29.99 29.98 

 

LC 
MP_ 

11 

MP_ 

12 

MP_ 

13 

MP_ 

14 

MP_ 

15 

MP_ 

16 

MP_ 

17 

MP_ 

18 

MP_ 

19 

MP_ 

20 

Zu-

score 

MP 

1 29.28 29.28 29.28 29.28 29.28 29.28 29.28 29.28 29.28 29.28 -1.13 

2 29.9 29.3 28.9 29.23 29.78 29.4 29.15 29.41 29.44 29.44 -0.78 

3 29.21 29.3 29.06 29.58 29.33 29.37 29.48 29.46 29.11 29.54 -1.06 

4 29.87 29.62 29.71 29.8 29.85 30.15 29.81 30.12 29.9 30.15 0.29 

5 29.91 29.7 29.99 29.66 29.92 29.9 29.9 29.84 29.94 29.69 -0.17 

6 30.4 30.3 30.01 30.19 29.59 29.72 29.9 30.22 30.06 29.86 0.21 

9 30.02 30.01 30.11 30.03 30.18 30.02 30.11 30.04 30.05 30.11 0.26 

10 18.42 18.43 18.7 18.69 18.75 18.87 18.75 18.85 18.7 18.58 e.e. 

13 29.44 29.55 29.58 29.58 29.39 29.39 29.47 29.39 29.66 29.47 -0.68 

14 30.72 30.72 30.72 30.72 30.72 30.72 30.91 30.72 30.72 30.72 1.46 

15 29.8 29.9 30 29.9 29.9 30 30 30.1 30 30 0.17 

16 30.46 30.46 30.36 30.42 30.44 30.44 30.54 30.35 30.44 30.46 0.95 

19 30.12 30.12 30.21 30.12 30.12 30.21 29.96 30.21 30.12 30.12 0.34 

21 30 30 30.1 30 29.8 30.2 30.1 30 30.1 29.9 0.09 

22 29.8 29.6 30.8 30.5 30.3 30 29.9 30.3 29.8 30.1 0.45 
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LC 
MP_ 

11 

MP_ 

12 

MP_ 

13 

MP_ 

14 

MP_ 

15 

MP_ 

16 

MP_ 

17 

MP_ 

18 

MP_ 

19 

MP_ 

20 

Zu-

score 

MP 

24 28.95 29.04 28.9 28.89 29.11 29.04 29.04 28.79 28.89 29.05 -1.66 

25 29.41 29.51 29.68 29.67 29.24 29.75 29.79 29.47 29.44 29.56 -0.51 

26 29.44 29.44 29.44 29.44 29.44 29.44 28.21 28.21 28.21 29.44 -1.51 

27 30.09 30.29 30.04 30.16 30.22 30.34 30.19 30.45 29.93 30.4 0.6 

28 30 30 30 30 30 30 30 30 30 30 0.48 

29 29.3 29.01 29.44 29.27 29.41 29.02 29.09 29.21 29.39 29.3 -1.27 

30 29.8 29.7 29.7 29.9 29.9 29.6 30.1 29.8 29.8 29.9 -0.19 

32 31.11 31.11 30.35 30.6 30.86 30.6 30.6 30.6 31.11 30.6 1.45 

33 29.62 29.81 29.33 29.14 29.43 29.05 29.23 23.04 29.23 29.14 -1.6 

34 29.78 29.69 29.8 29.85 29.63 29.72 29.71 29.68 30.17 29.65 -0.19 

36 28.61 28.69 28.95 28.62 28.86 28.77 28.67 28.86 28.61 28.96 -1.88 

37 29.8 29.6 30.8 30.41 31.39 30.79 30.85 31.27 30.85 30.41 1.34 

38 29.76 30.01 30.01 29.76 29.76 29.76 29.76 30.01 30.01 29.76 0.05 

40 29.85 29.89 29.89 29.87 29.99 30.22 29.87 30.11 30.22 29.99 0.15 

42 29.76 29.77 30.07 29.66 29.98 29.74 29.89 30.19 29.62 29.63 0 

43 30 30 29.5 30 30 30 29.5 29.4 29.8 29.7 0.21 

44 29.64 30.09 29.87 29.84 30.24 30.22 30.05 30.02 29.55 30.15 0.1 

46 30.89 30.89 30.89 30.89 30.9 30.89 30.9 30.9 30.9 30.89 1.81 

47 30.48 30.96 31.13 30.65 30.67 30.49 31.14 30.8 30.28 30.25 1.53 

48 29.97 30 30 30.07 30 30 30.03 30 30.07 30 0.19 

49 29.88 29.42 29.28 29.44 29.56 29.59 29.58 29.56 29.59 29.56 -0.84 

51 29.72 29.89 29.84 29.89 29.85 29.84 29.78 29.78 29.84 29.78 -0.16 

52 30.4 29.68 28.71 30.76 29.48 29.36 29.35 30.48 30.93 31.35 1.06 

53 29.76 30.36 30.22 30.01 30.41 30.26 30.22 30.24 30.07 30.25 0.52 

54 30.16 29.97 29.95 29.99 30.55 30.42 30.33 30.51 30.23 30.02 0.55 

55 29.8 30 30.2 29.5 29.9 30.1 30 29.8 29.9 30 0.18 

56 29.62 29.97 30.35 30.21 29.67 30.09 29.8 29.82 30.31 30.11 0.05 

57 29.27 29.55 29.46 30.03 29.55 29.35 29.19 29.55 29.41 29.25 -0.84 

59 28.7 28.4 28.8 28.8 29.7 30 29.7 29.9 29.9 29.7 -0.51 

60 30.05 30.19 30.31 30.32 30.37 30.37 30.48 30.58 30.63 30.68 0.03 

61 30.2 30.14 30.3 30.4 30.4 30.1 30.3 30.4 30.2 30.4 0.51 

63 29.5 29.6 29.7 29.8 29.4 29.5 29.5 29.4 29.4 29.4 -0.25 

64 29.91 29.69 29.93 30.19 29.75 29.59 29.82 30.42 30.29 30.03 0 

65 29.47 29.23 29.37 29.55 29.22 29.43 29.15 29.36 29.15 29.22 -0.88 

66 29.6 29.6 29.1 29.4 29.4 29.4 29.6 29.1 29.4 29.3 -0.79 

70 no value provided   

71 28 29 28 29 28 28 28 27.5 28 28 -2.79 

73 31.37 31.31 31.07 31.23 31.85 31.13 32.29 31.74 31.13 31.34 2.82 

75 30.98 30.16 30.82 30.66 31.26 31.58 31.23 30.97 30.8 31.34 2.33 

76 30.03 29.86 29.53 29.63 29.98 29.73 29.82 29.88 29.6 29.66 -0.28 

77 30.61 30.27 30.2 30.1 30.05 30.23 30.14 30.09 30.02 30.01 0.48 

78 30.4 30.4 30.4 30.4 31.2 30.4 28.8 30.4 30.4 30.4 0.77 

80 30.06 30.06 30.06 28.39 30.06 28.39 28.39 28.39 30.06 30.06 -0.92 

82 29.76 29.79 30 29.98 29.83 29.83 29.94 30.12 29.85 29.9 0.04 
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LC 
MP_ 

11 

MP_ 

12 

MP_ 

13 

MP_ 

14 

MP_ 

15 

MP_ 

16 

MP_ 

17 

MP_ 

18 

MP_ 

19 

MP_ 

20 

Zu-

score 

MP 

83 29.12 29.28 29.6 28.8 29.12 28.96 28.96 29.6 29.12 29.28 -1.5 

84 31.21 30.27 31.01 31.03 30.82 30.06 30.62 29.87 30.06 29.83 0.73 

86 30.23 29.92 30.69 30.08 30.38 30.23 30.23 30.69 30.08 31.15 0.63 

87 29.87 29.91 30.09 30.11 30.1 30.08 30.16 30.07 30.13 29.92 0.19 

88 29.69 30.31 29.87 29.78 30.11 30.09 29.95 29.52 30.08 29.71 0.04 

 

LC SP_1 SP_2 SP_3 SP_4 SP_5 SP_6 SP_7 SP_8 SP_9 SP_10 

1 14.64 14.64 14.64 14.64 14.64 14.64 14.64 14.64 14.64 14.64 

2 13.7 14.2 13.8 14.1 13.9 13.5 13.5 13 13.2 13.3 

3 13.51 13.48 13.54 13.26 13.35 13.42 13.29 13.38 13.35 13.57 

4 13.86 14.49 14.32 14.01 13.92 13.89 14.06 14.03 14.23 13.96 

5 13.8 14.16 13.68 13.89 13.58 13.5 14.09 13.99 13.78 13.89 

6 13.65 13.53 13.65 14.01 13.53 13.77 13.41 13.65 13.04 13.67 

9 13.97 13.84 13.86 13.96 13.73 13.83 13.74 13.73 14.04 14.06 

10 8.97 8.57 8.83 9.09 8.7 8.63 8.76 8.51 8.75 8.98 

13 13.68 13.59 13.56 13.72 13.58 13.48 13.55 13.44 13.5 13.41 

14 14.02 13.63 13.44 14.02 14.02 14.02 13.82 14.02 13.63 13.82 

15 14.1 14.1 13.9 14.1 13.9 14 13.8 13.9 14 14 

16 14.04 14.14 14.18 14.06 14.14 14.04 14.09 14.02 14.14 14.07 

19 13.94 14.11 13.94 13.86 13.44 13.36 13.86 13.86 13.86 13.86 

21 14.3 13.6 13.8 14 14.1 14.2 13.9 13.9 14 14.1 

22 14.4 14.2 13.7 14.1 13.7 14 13.9 14.2 13.5 14.3 

23 13.9 13.74 13.8 13.96 13.62 13.93 13.8 13.56 13.9 13.44 

24 13.21 13.22 13.06 13.13 13.21 13.5 13.13 12.84 13.21 13.28 

25 13.76 13.98 13.38 14.06 13.64 13.53 13.58 13.66 13.79 13.65 

26 13.55 13.79 14.78 13.3 13.3 13.3 13.55 12.32 12.32 12.56 

27 13.47 13.85 13.44 13.66 13.59 13.5 13.74 13.43 13.6 13.46 

28 15 15 15 15 15 15 15 15 15 15 

29 13.85 13.82 13.73 13.8 13.63 13.33 13.3 13.16 13.63 13.43 

30 14.1 14.1 13.7 14 13.8 14 13.8 14.2 14 14 

32 14.03 14.03 15.3 14.03 14.03 15.3 14.03 14.03 14.03 14.79 

33 13.45 13.36 13.26 13.26 12.97 13.07 13.26 13.36 13.36 13.26 

34 13.72 13.82 13.88 13.88 13.88 13.97 13.88 13.8 13.8 13.8 

36 13.5 13.56 13.56 13.41 13.82 13.68 13.45 13.52 13.35 13.47 

37 13.84 13.78 14.66 14.27 13.83 13.51 14.39 13.28 14.75 14.77 

38 14.14 14.14 14.38 14.38 14.14 14.14 13.89 14.38 14.38 14.14 

40 13.65 13.07 13.68 13.35 13.8 13.68 13.57 13.8 13.91 13.91 

42 13.62 13.52 13.97 13.98 13.43 13.78 13.78 13.99 13.96 13.74 

43 13.8 14 14 14 14 14 14 13.2 13.2 13.2 

44 13.39 13.5 13.5 13.57 13.36 13.64 13.57 13.6 13.55 13.45 

46 14.2 14.19 14.2 14.19 14.2 14.2 14.2 14.19 14.19 14.19 

47 14.35 14.09 14.03 13.71 13.87 13.55 13.63 13.27 13.18 13.29 

48 13.97 13.93 14 13.9 13.83 13.97 13.93 13.9 13.9 13.9 
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LC SP_1 SP_2 SP_3 SP_4 SP_5 SP_6 SP_7 SP_8 SP_9 SP_10 

49 13.42 13.63 13.55 13.55 13.53 13.57 13.64 13.59 13.5 13.59 

51 13.79 13.95 13.97 13.95 13.9 13.89 13.87 13.95 13.84 13.84 

52 14.5 14.26 14.39 14.46 14.27 13.93 14.39 14.39 15.41 15.32 

53 14.12 14.21 14.24 14.23 14.7 14.1 13.98 14.32 14.32 14.07 

54 14.05 14.06 14.11 14.09 14.13 14.02 14.2 14.22 14.3 14.18 

55 14.5 14.5 14.7 14.3 14.6 14.7 15 15.2 15.3 15.2 

56 14.55 15.04 15.1 14.59 15.03 14.98 14.89 14.92 14.41 14.57 

57 13.9 13.25 13.88 13.46 13.57 13.54 13.68 13.57 13.62 13.46 

59 13.63 15.62 14.89 14.55 14.29 16.82 14.38 13.97 14.05 14.25 

60 12.31 12.41 12.6 12.67 12.67 12.75 12.82 12.84 12.84 12.97 

61 14.2 14.3 14.7 14.1 14.05 14.6 14.7 14.4 14.56 14.36 

63 13.9 14.3 14.2 14.1 14.2 14.1 13.9 14 14.1 13.9 

64 14.21 14.57 14.51 14.5 14.2 14.67 14.49 13.55 13.45 14.04 

65 14 13.88 14.12 13.62 13.79 13.56 13.58 13.5 13.71 13.93 

66 13.7 13.4 13.7 13.5 13.5 13.5 13.7 13.5 13.5 13.7 

70 no value provided 

71 13 13 13 13 13 13 14 13 13 13 

73 15.17 15.16 15.19 15.25 14.93 14.95 15.51 14.97 15.03 15.02 

75 14.58 14.48 14.73 14.88 14.44 14.46 14.26 14.89 14.9 14.26 

76 13.63 13.62 13.62 13.64 13.49 13.78 13.49 13.38 13.59 13.59 

77 14.03 13.99 14.15 14.28 13.99 14.19 14.1 14.13 14.08 14.16 

78 14.4 14.4 12.8 14.4 12.8 12.8 12.8 14.4 14.4 14.4 

80 15 15 15 13.33 13.33 13.33 13.33 13.33 15 13.33 

82 14.1 14.2 14.13 14.28 14.04 13.84 13.88 13.71 13.71 13.91 

83 13.2 13.6 12.96 13.12 12.8 12.96 13.6 13.28 12.96 12.96 

84 13.34 13.4 13.88 13.4 13.96 13.45 13.97 13.81 13.88 13.7 

86 14.05 13.59 14.05 14.05 13.74 13.74 13.74 14.2 13.59 13.74 

87 14.03 14.04 13.83 14.04 14.04 13.82 13.98 13.98 14.04 13.89 

88 14.36 14.11 14.15 14.44 13.99 14.32 13.97 14.16 14.13 14.09 

 

LC 
SP_ 

11 

SP_ 

12 

SP_ 

13 

SP_ 

14 

SP_ 

15 

SP_ 

16 

SP_ 

17 

SP_ 

18 

SP_ 

19 

SP_ 

20 

Zu-

score 

SP 

1 14.64 14.64 14.64 14.64 14.64 14.64 14.64 14.64 14.64 14.64 1.52 

2 13.4 12.8 13 12.83 13.3 13.27 12.39 13.49 13.66 13.74 -0.99 

3 13.31 13.47 13.43 13.45 13.52 13.44 13.52 13.29 13.47 13.38 -0.96 

4 13.98 14.04 13.95 13.98 14.09 13.85 13.79 13.77 13.92 13.89 0.24 

5 13.94 13.89 13.9 13.66 13.74 13.75 13.76 13.76 13.86 13.75 -0.13 

6 14.01 13.95 13.16 13.77 13.89 13.77 13.65 13.89 13.63 14.12 -0.4 

9 13.84 13.94 14.05 13.97 13.87 14.04 14.05 13.94 14.04 14.04 0.09 

10 8.65 9.08 8.63 8.63 8.77 8.86 8.97 8.93 8.74 8.88 e.e. 

13 13.42 13.49 13.59 13.44 13.47 13.47 13.57 13.47 13.57 13.57 -0.73 

14 13.44 13.63 13.82 14.02 13.63 13.63 14.02 13.44 14.02 13.82 -0.18 

15 14 14.1 13.9 14 14 14 13.9 14 13.9 14 0.2 

16 14.12 14.17 14.12 14.06 14.17 14.1 14 14.17 14.13 14.13 0.45 
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LC 
SP_ 

11 

SP_ 

12 

SP_ 

13 

SP_ 

14 

SP_ 

15 

SP_ 

16 

SP_ 

17 

SP_ 

18 

SP_ 

19 

SP_ 

20 

Zu-

score 

SP 

19 14.19 14.11 14.11 14.02 14.27 14.11 14.19 14.11 14.02 13.94 0.15 

21 14 14.1 13.9 14.1 14 14 13.9 14 14.1 13.9 0.23 

22 13.6 13.5 13.8 13.7 13.5 13.7 13.9 13.8 13.2 13.5 -0.15 

23 13.53 13.96 13.78 13.84 13.65 13.71 13.43 13.53 13.46 13.5 -0.37 

24 13.14 13.02 13.11 13.02 13.12 13.08 13.16 13.01 13.06 13.21 -1.55 

25 13.77 13.74 13.75 13.42 13.86 13.56 13.87 14.05 13.69 13.64 -0.34 

26 12.56 12.32 12.32 13.05 12.56 13.55 13.55 12.32 12.32 12.32 -1.87 

27 13.54 13.79 13.83 13.65 13.8 14.19 13.77 13.58 13.52 13.6 -0.48 

28 15 15 15 15 15 15 15 15 15 15 2.25 

29 13.13 13.37 13.66 13.58 13.45 13.83 13.53 13.61 13.47 13.35 -0.73 

30 14 13.9 13.9 13.9 13.8 13.9 13.9 14 14 14.1 0.15 

32 14.03 13.26 14.03 14.03 14.03 14.79 14.79 14.79 14.79 14.03 0.86 

33 13.07 13.16 13.45 13.48 13.26 13.36 13.36 13.45 13.36 13.07 -1.25 

34 13.82 14.05 13.93 13.8 13.71 13.8 13.82 13.88 13.99 13.8 -0.06 

36 13.36 13.36 13.22 13.96 13.9 13.43 13.69 13.43 13.35 13.3 -0.76 

37 14.8 14.59 15.18 14 15.22 14.97 14.91 13.93 14.02 13.97 0.91 

38 14.38 13.64 14.14 14.38 14.38 14.38 13.89 14.14 14.14 14.63 0.66 

40 13.68 13.8 13.8 13.8 13.91 13.8 13.8 13.91 13.68 13.91 -0.32 

42 13.46 13.37 13.59 13.87 13.47 13.77 13.87 13.94 13.82 13.81 -0.3 

43 13.5 13.2 13.5 13.8 13.8 13.8 13.8 13.2 13.4 13.4 -0.5 

44 13.56 13.63 13.17 13.7 13.54 13.64 13.35 13.55 13.42 13.38 -0.79 

46 14.19 14.2 14.2 14.19 14.2 14.19 14.19 14.2 14.19 14.2 0.63 

47 14.09 13.29 13.24 14.35 13.56 14.03 13.71 13.72 14.36 13.25 -0.32 

48 14 13.9 13.93 13.8 14 14 13.97 13.9 14 14 0.11 

49 13.55 13.68 13.52 13.45 13.73 13.82 13.58 13.48 13.55 13.59 -0.64 

51 13.89 13.89 13.77 14 13.95 13.89 13.83 13.89 13.83 13.83 0.01 

52 14.39 14.28 14.55 14.59 14.32 14.65 14.62 14.84 14.58 14.96 1.35 

53 14.3 14.12 14.07 14.3 14.22 14.07 14.03 14.07 14.14 14.26 0.63 

54 14.2 14.21 14.32 14.2 14.14 14.29 14.22 13.6 14.22 14.18 0.53 

55 14.9 14.8 15.3 15 15.1 15.2 15.4 14.9 15.1 15 2.12 

56 14.51 14.32 14.16 14.58 14.37 14.42 14.48 14.47 14.53 14.57 1.49 

57 13.57 13.79 13.35 13.72 13.63 13.43 13.91 13.69 13.45 13.6 -0.58 

59 14.51 14.02 13.94 13.9 13.8 13.8 13.9 13.6 13.8 13.5 0.76 

60 12.98 13.04 13.14 13.19 13.36 13.56 13.59 13.6 13.7 13.71 -1.76 

61 14.37 14.2 14.4 14.25 14.3 14.25 14.3 14.2 14.2 14.2 0.91 

63 14 14.1 13.7 13.8 13.7 13.8 13.7 13.8 13.6 13.7 0.1 

64 13.99 14.04 14.3 14.01 14.02 12.94 13.97 14.29 13.58 14.39 0.41 

65 13.43 13.49 13.68 13.43 13.78 13.71 13.76 13.62 13.38 13.61 -0.42 

66 13.2 13.9 13.4 13.4 13.4 13.2 13.2 13.7 13.4 13.4 -0.8 

70 no value provided   

71 13 13 12.5 12.5 13 13 13 12.5 12.5 12.5 -1.99 

73 15.35 15.41 14.68 15.17 14.75 15.22 15.63 15.63 15.06 15.35 2.59 

75 14.97 14.49 14.3 14.43 14.54 15.04 14.77 14.6 14.88 14.64 1.5 

76 13.64 13.49 13.51 13.59 13.45 13.55 13.67 13.44 13.41 13.66 -0.66 
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LC 
SP_ 

11 

SP_ 

12 

SP_ 

13 

SP_ 

14 

SP_ 

15 

SP_ 

16 

SP_ 

17 

SP_ 

18 

SP_ 

19 

SP_ 

20 

Zu-

score 

SP 

77 14.05 14.2 14.01 13.99 14.05 13.89 13.99 14.2 13.94 13.85 0.37 

78 13.6 14.4 14.4 14.4 14.4 14.4 14.4 12.8 12.8 14.4 0 

80 15 15 13.33 13.33 13.33 13.33 15 15 13.33 15 0.4 

82 14.11 14.18 14.15 13.95 13.87 13.95 13.87 13.87 13.95 13.95 0.2 

83 13.12 13.12 12.8 12.96 13.6 13.28 12.96 12.96 13.12 13.12 -1.58 

84 13.58 13.88 13.59 13.88 13.78 14.25 13.59 14.46 13.87 13.61 -0.24 

86 13.59 13.89 13.89 14.35 14.05 14.2 14.05 13.89 14.05 14.05 0.09 

87 13.94 13.96 14.04 14.04 14.02 13.98 14.06 14.03 13.98 14.11 0.22 

88 14.09 14.23 14.06 14.12 14.27 14.2 14.14 14.07 13.98 14.02 0.53 
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7. Appendix 3: Results of component 2 

Table 24. Results of cell densities (CC, in cells/L) of every phytoplankton species (sp) for every participant (LC). 

e.e. (excluded from evaluation). 

LC 
CC_1    

Sp. 1 

CC_2    

Sp. 1 

CC_3    

Sp. 1 

Zu-

score 

Sp. 1 

CC_1    

Sp. 2 

CC_2    

Sp. 2 

CC_3    

Sp. 2 

Zu-

score 

Sp. 2 

1 1436910 1358595 1280280 -2.17 58300 59000 63400 -1.43 

2 2363105 2429167 2263070 0.12 43086 66713 72273 -1.42 

3 2815658 3145940 3170711 1.44 151717 167094 144542 0.92 

4 2327608 2414893 2186289 0.04 96289 104369 101002 -0.25 

5 2376796 2895674 2761770 0.74 88900 94200 90400 -0.53 

6 1440451 1299376 1239976 -2.24 89100 76106 52903 -1.07 

9 2162983 2469891 2185752 -0.03 122949 118482 86519 0.00 

10 2352624 1997799 2196429 -0.25 105100 79050 77612 -0.64 

13 3400000 3038462 2969231 1.62 162222 104444 145529 0.57 

14 2460804 1985912 2374460 -0.03 79230 95076 87153 -0.64 

15 1869393 1598359 1910234 -1.16 86632 85394 76731 -0.77 

16 1934364 2131142 1926939 -0.68 90963 100245 90035 -0.45 

19 1845271 1964321 2058740 -0.77 83075 76762 84590 -0.81 

21 2009622 2836160 2363853 0.22 100800 85600 81600 -0.58 

22 2610174 2539794 3056933 0.85 156060 97920 159120 0.58 

23 2395300 2205400 2464700 0.13 122520 111290 178680 0.57 

24 3020402 3445146 3539533 1.99 165178 182876 277263 2.01 

25 2086589 2368761 2034610 -0.29 111384 117881 108599 0.07 

26 2964300 3234900 2455900 1.14 132048 176064 123782 0.71 

27 1308450 701805 1570140 -2.55 273585 47580 452010 3.01 

28 2554970 2100753 2600392 0.25 63800 64900 62100 -1.33 

29 1808657 2027446 2173309 -0.66 98455 109395 134920 0.1 

30 2172965 2043718 2156809 -0.38 113091 119150 121169 0.18 

32 445000 625000 570000 e.e. 130000 150000 160000 0.76 

33 2099582 2042836 2110931 -0.47 111419 113991 109705 0.05 

34 1952049 2065385 2121386 -0.56 97500 95200 92400 -0.41 

36 1951770 1959780 2178720 -0.6 71712 84992 90304 -0.79 

37 1394403 1291727 1629563 -1.98 49682 56306 72867 -1.45 

38 1934006 2263199 2131522 -0.42 136344 111741 141470 0.42 

40 2244355 2280959 2084457 -0.2 117348 117837 122237 0.2 

42 265270 250715 292740 e.e. 98200 84200 96200 -0.48 

43 2189671 2075922 2132797 -0.36 91797 84869 100458 -0.49 

44 3529663 3381760 3805856 2.45 216987 223030 187173 2.02 

46 1538514 1336944 1859380 -1.66 79188 79188 82273 -0.85 

47 2210000 2733600 2366400 0.28 108800 95200 129200 0.04 

48 2804923 3314538 3204462 1.56 145750 142692 191615 1.03 

49 1999160 2323520 2236600 -0.24 98580 111300 100700 -0.16 

51 Not participated 

52 1700000 2400000 3000000 0.15 82000 75000 95000 -0.74 

53 1826370 2762030 2034020 -0.19 45340 57150 87280 -1.34 

54 2360592 2040168 2007720 -0.35 83200 113000 85200 -0.45 
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LC 
CC_1    

Sp. 1 

CC_2    

Sp. 1 

CC_3    

Sp. 1 

Zu-

score 

Sp. 1 

CC_1    

Sp. 2 

CC_2    

Sp. 2 

CC_3    

Sp. 2 

Zu-

score 

Sp. 2 

55 2038 1932 2059 e.e. 138 148 159 -3.19 

56 2540928 2279482 2314886 0.17 107019 119454 118027 0.12 

57 506939 847873 834439 -3.64 44625 55335 44766 -1.78 

59 719927 647936 887002 -3.59 176709 142349 143985 0.92 

60 1979523 2396265 1967021 -0.41 53135 64595 75014 -1.31 

61 2870000 2652700 2496900 0.73 130800 128800 152000 0.57 

63 2372660 2200350 1883620 -0.32 86150 100350 85810 -0.54 

64 2515050 2276100 2506950 0.28 109620 115710 148190 0.31 

65 2428940 2669950 2546950 0.5 86230 94680 88630 -0.57 

66 2226117 2506573 2524102 0.25 92000 104000 96000 -0.35 

70 3540000 1906000 2954000 0.98 191000 123000 265000 1.7 

71 2263526 2539001 2043887 -0.01 110356 114954 137945 0.24 

73 3715947 3490738 2083182 1.54 225209 281511 225209 2.73 

75 2162194 2020232 2220435 -0.36 65521 69161 94641 -0.96 

76 4059766 4162889 3748028 e.e. 230668 256742 241808 2.71 

77 2892144 2792715 3085226 1.21 101904 148549 132808 0.38 

78 2350400 2685200 2363600 0.34 135900 124300 132600 0.44 

80 2321700 2156570 2218670 -0.13 160896 121378 159485 0.77 

82 2533000 2278000 2555000 0.32 183609 167643 172965 1.33 

83 2560268 2460922 2361577 0.33 66812 74613 65212 -1.18 

84 2189903 2151442 2545673 0.02 111778 113581 93750 -0.08 

86 1978667 1639467 1922133 -1.03 98930 120130 106000 -0.02 

87 2286766 2390294 2437211 0.16 159042 118527 159579 0.74 

88 1790000 2080000 2440000 -0.43 104000 91800 108000 -0.23 

 

LC 
CC_1    

Sp. 3 

CC_2    

Sp. 3 

CC_3    

Sp. 3 

Zu-

score 

Sp. 3 

CC_1    

Sp. 4 

CC_2    

Sp. 4 

CC_3    

Sp. 4 

Zu-

score 

Sp. 4 

1 290700 266900 282200 -2.02 8757660 8498880 8594220 -1.12 

2 398427 403986 374336 -0.91 9520370 10422578 9812927 -0.82 

3 590380 755521 495424 1.03 16968906 17281217 17801735 0.6 

4 450470 444410 476730 -0.26 11013280 11384968 11926340 -0.47 

5 577461 527247 560723 0.56 15424067 19893113 20529157 0.8 

6 341550 285863 308138 -1.71 6849569 7118726 6571132 -1.52 

9 459919 583295 391614 -0.05 13478801 16705940 13856754 0.18 

10 428485 459925 411345 -0.5 11124436 10865728 10120649 -0.64 

13 891667 630769 646154 1.89 24026667 17982222 22893333 1.27 

14 464099 410134 453306 -0.41 11979756 14974695 10430468 -0.24 

15 361998 376849 332295 -1.26 12558537 13722498 12190970 -0.15 

16 482663 545780 449248 0.07 18794892 17940579 18225350 0.75 

19 389991 374596 415648 -0.9 13863015 11674876 12735355 -0.17 

21 442209 530188 516297 0.1 13728000 13815360 14701440 0.09 

22 452879 471239 572219 0.12 12537239 35371221 22118931 1.53 

23 410440 477830 525820 -0.12 20275100 22934900 21283800 1.25 

24 731504 548628 643015 1.24 39371410 41312254 36044250 3.96 
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LC 
CC_1    

Sp. 3 

CC_2    

Sp. 3 

CC_3    

Sp. 3 

Zu-

score 

Sp. 3 

CC_1    

Sp. 4 

CC_2    

Sp. 4 

CC_3    

Sp. 4 

Zu-

score 

Sp. 4 

25 456673 516078 490088 0.03 18092432 16763253 16629592 0.57 

26 586300 639600 479700 0.67 17252800 17392200 12810870 0.36 

27 523380 273585 868335 0.56 1700985 523380 1415505 -2.82 

28 533705 513833 539383 0.36 87997677 81676949 81594861 e.e. 

29 419346 474043 444871 -0.37 10392486 13218514 12689773 -0.32 

30 412015 379380 375301 -0.94 10905215 11511060 10748144 -0.56 

32 480000 490000 430000 -0.17 313395 208845 326910 -3.03 

33 637662 829646 761080 2.05 18158546 21200102 17114429 0.83 

34 390676 382676 414677 -0.87 12314648 13906428 12194765 -0.16 

36 400500 376470 418523 -0.85 10733400 11574450 10132650 -0.62 

37 245097 218600 288155 -2.31 13906217 5221812 8181770 -1.01 

38 502019 411491 495846 -0.14 12745924 15554347 15482337 0.17 

40 421900 366995 396856 -0.88 13470949 12979695 12526971 -0.12 

42 54735 56170 62730 e.e. 1673620 1792520 1763410 -2.69 

43 419450 476325 319920 -0.78 15228169 13777867 15469886 0.21 

44 776333 757265 739094 2.16 17648313 17940962 19230852 0.74 

46 333208 341435 419595 -1.18 12226866 13122618 11395904 -0.29 

47 469200 530400 435200 -0.05 12940400 14885200 14368400 0.09 

48 477000 546308 513692 0.23 21246237 19297677 22485960 1.17 

49 465340 603140 482300 0.26 10871360 13788480 11770240 -0.31 

51 Not participated 

52 500000 540000 560000 0.39 16100000 17500000 19900000 0.68 

53 320590 538120 470560 -0.4 8432400 10095710 6322170 -1.2 

54 1046448 851760 843648 e.e. 9174216 8404608 9520336 -1.02 

55 1157 976 1040 e.e. 19745 20010 20031 -3.09 

56 496606 537580 522010 0.28 13469155 12569784 11327795 -0.24 

57 166005 271319 205924 -2.67 6847244 9467618 7144660 -1.3 

59 628300 651207 661024 1.29 24461159 18439951 13256476 0.81 

60 414658 468834 462583 -0.35 14585962 14677645 16736349 0.29 

61 549400 451000 459200 0.02 16459200 16264800 19869300 0.63 

63 402710 489620 483150 -0.25 10761440 10958900 12272750 -0.5 

64 469800 453600 611550 0.22 15296850 15827400 16341750 0.36 

65 469500 383450 405833 -0.64 18056590 20280260 19731867 0.91 

66 473269 560911 543383 0.33 7484663 14127958 9868536 -0.69 

70 1252000 722000 898000 e.e. 42828000 43393000 43046000 e.e. 

71 510397 537986 492004 0.23 9058395 8848719 10258518 -0.94 

73 1013440 788231 788231 3 21169637 22971309 19762082 1.22 

75 433167 484128 393126 -0.47 11688223 11430715 11822905 -0.42 

76 710459 788565 987383 2.72 26360 22199 28956 -3.09 

77 572606 485259 587419 0.51 11355063 11883896 11687083 -0.43 

78 444200 444200 424300 -0.46 10177300 11204900 11138600 -0.61 

80 421999 438935 410708 -0.59 15798114 16572531 18637644 0.55 

82 572115 476319 526878 0.33 17243280 16085745 17083620 0.52 

83 542141 471180 403057 -0.12 14453309 15553203 16654515 0.32 
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LC 
CC_1    

Sp. 3 

CC_2    

Sp. 3 

CC_3    

Sp. 3 

Zu-

score 

Sp. 3 

CC_1    

Sp. 4 

CC_2    

Sp. 4 

CC_3    

Sp. 4 

Zu-

score 

Sp. 4 

84 507211 492788 557692 0.28 14923076 16620192 11836538 0.15 

86 774000 1053500 602000 2.57 17023600 15186270 17150800 0.46 

87 404053 612389 478738 0.12 12186057 12040367 14894069 -0.1 

88 417000 458000 458000 -0.39 12000000 11800000 12700000 -0.3 

 

LC 
CC_1    

Sp. 5 

CC_2    

Sp. 5 

CC_3    

Sp. 5 

Zu-

score 

Sp. 5 

1 6289035 7892790 5383305 0.11 

2 5302810 4211276 6108435 -0.45 

3 7686716 9124707 10815435 0.93 

4 5979330 6350794 6723380 0.06 

5 7795724 9235192 8783266 0.74 

6 3137066 4213692 2376002 -1.37 

9 6302250 7332203 5409735 0.06 

10 12443561 9041858 9913139 1.31 

13 21468186 18335556 22795556 e.e. 

14 5395963 5113616 5584194 -0.37 

15 4867013 4867013 4816426 -0.61 

16 7389197 7296832 6188453 0.24 

19 4436569 4829977 5423371 -0.59 

21 5400000 4488000 5448000 -0.49 

22 21642230 9915383 25122148 e.e. 

23 6859800 5690900 4534900 -0.22 

24 38769688 33767150 45022867 e.e. 

25 7667842 6978191 6461185 0.27 

26 1857183 2693360 1069277 -2.01 

27 249795 95160 344955 -2.78 

28 6369015 6254773 6197652 0.03 

29 10647741 9298541 11449968 1.31 

30 6150247 6548024 6425632 0.06 

32 64133 96263 166515 -2.84 

33 4452191 3810048 3895667 -0.99 

34 4486173 4347179 5004570 -0.73 

36 3344175 3304125 3224025 -1.35 

37 5808219 2820337 3909378 -0.93 

38 10912733 8345031 10270808 1.12 

40 6442167 6202320 6646374 0.08 

42 578348 517159 618106 -2.62 

43 6609412 5691438 4773464 -0.22 

44 9373858 9460629 8365205 0.88 

46 7195379 5494709 7195379 0.14 

47 No value provided   

48 8626677 7316038 7814659 0.53 
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LC 
CC_1    

Sp. 5 

CC_2    

Sp. 5 

CC_3    

Sp. 5 

Zu-

score 

Sp. 5 

49 4528638 5877594 5427942 -0.41 

51 Not participated 

52 10900000 9600000 11500000 1.37 

53 3490830 5285960 2663960 -1.1 

54 5554208 5244736 4381472 -0.52 

55 4787 5106 6560 -2.88 

56 6932818 6617317 7158175 0.23 

57 1647551 4048371 977690 -1.84 

59 6256821 6662598 4061043 -0.24 

60 5363466 4909218 4186866 -0.63 

61 7731818 6111818 9106363 0.45 

63 6092750 5666310 4892610 -0.29 

64 6455700 5491800 5921100 -0.1 

65 12240540 11124790 9581385 1.46 

66 6586000 5162000 4806000 -0.3 

70 20441000 16166000 28963000 e.e. 

71 5130118 4568909 2822998 -0.93 

73 29333460 21957869 25730118 e.e. 

75 7352915 5882150 6988909 0.18 

76 16377467 13240557 14417819 2.59 

77 6182201 5228914 5971241 -0.17 

78 8072200 9191000 9000400 0.79 

80 8938488 7711637 8587960 0.68 

82 7684727 8105454 9845818 0.72 

83 11999482 10499370 8062574 1.22 

84 6408653 4661057 5862980 -0.24 

86 6755733 6727467 6734533 0.18 

87 6662571 6667144 8046666 0.29 

88 6140000 7560000 5380000 0.06 
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Table 25. Results of the biovolume concentrations (BVC in in mm3/L) of every phytoplankton species (sp) for 

every participant (LC). e.e. (excluded from evaluation). 

 

LC 
BVC_1 

Sp. 1 

BVC_2 

Sp. 1 

BVC_3 

Sp. 1 

Zu-

score 

Sp. 1 

BVC_1    

Sp. 2 

BVC_2    

Sp. 2 

BVC_3    

Sp. 2 

Zu-

score 

Sp. 2 

1 0.41 0.388 0.365 -1.47 0.377 0.382 0.41 -1.09 

2 0.836 0.86 0.801 0.17 0.208 0.323 0.35 -1.58 

3 0.844 0.943 0.95 0.37 0.919 1.012 0.876 1.12 

4 0.942 0.978 0.885 0.43 0.592 0.642 0.621 0.04 

5 0.737 0.898 0.857 0.16 0.571 0.605 0.581 -0.1 

6 No value provided   0.466 0.398 0.276 -1.14 

9 0.716 0.818 0.724 -0.05 0.476 0.458 0.335 -0.92 

10 0.103 0.087 0.096 -2.6 1 0.752 0.738 0.76 

13 1.043 0.932 0.911 0.5 1.02 0.463 0.644 0.35 

14 0.896 0.723 0.865 0.16 0.524 0.629 0.577 -0.15 

15 0.65 0.556 0.664 -0.55 0.448 0.441 0.396 -0.9 

16 0.792 0.872 0.788 0.13 0.57 0.629 0.565 -0.09 

19 0.707 0.753 0.789 -0.06 0.517 0.478 0.527 -0.5 

21 0.698 0.985 0.821 0.18 0.617 0.524 0.5 -0.3 

22 0.827 0.805 0.968 0.26 1.059 0.664 1.079 1.12 

23 0.986 0.908 1.015 0.52 0.713 0.647 1.039 0.66 

24 1.323 1.509 1.551 1.78 0.635 0.703 1.066 0.67 

25 0.721 0.818 0.703 -0.07 0.749 0.793 0.73 0.52 

26 1.332 1.453 1.103 1.36 0.863 1.121 0.809 1.11 

27 2.08 1.12 2.5 2.9 1.978 0.344 3.268 e.e. 

28 0.567 0.466 0.577 -0.89 0.087 0.088 0.085 -2.62 

29 0.559 0.627 0.672 -0.57 0.386 0.429 0.529 -0.8 

30 0.533 0.502 0.53 -0.95 0.664 0.7 0.712 0.29 

32 0.842 1.224 1.108 0.75 0.949 1.034 0.75 1.04 

33 0.626 0.609 0.629 -0.56 0.73 0.747 0.719 0.43 

34 0.53 0.561 0.576 -0.82 0.538 0.525 0.51 -0.41 

36 0.514 0.516 0.573 -0.9 0.417 0.494 0.525 -0.64 

37 0.377 0.349 0.44 -1.46 0.331 0.375 0.486 -1.05 

38 0.511 0.598 0.563 -0.81 0.728 0.596 0.755 0.3 

40 0.773 0.786 0.718 -0.03 0.643 0.646 0.67 0.16 

42 0.076 0.072 0.084 -2.67 0.562 0.482 0.551 -0.37 

43 0.542 0.513 0.528 -0.92 0.52 0.481 0.569 -0.42 

44 1.111 1.065 1.198 0.92 1.172 1.204 1.011 1.78 

46 0.464 0.403 0.561 -1.12 0.299 0.299 0.31 -1.53 

47 1.185 1.466 1.269 1.38 0.954 0.835 1.133 1.25 

48 1.02 1.205 1.165 0.93 1.015 0.993 1.334 1.73 

49 0.646 0.751 0.723 -0.23 0.575 0.649 0.587 -0.01 

51 Not participated 

52 0.547 0.75 0.95 -0.07 0.663 0.608 0.773 0.26 

53 0.716 1.083 0.797 0.25 0.182 0.23 0.351 -1.77 

54 0.733 0.46 0.611 -0.64 0.426 0.581 0.444 -0.62 

55 0.537 0.51 0.543 -0.91 0.578 0.622 0.667 0.06 
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LC 
BVC_1 

Sp. 1 

BVC_2 

Sp. 1 

BVC_3 

Sp. 1 

Zu-

score 

Sp. 1 

BVC_1    

Sp. 2 

BVC_2    

Sp. 2 

BVC_3    

Sp. 2 

Zu-

score 

Sp. 2 

56 0.776 0.696 0.707 -0.15 0.593 0.661 0.651 0.1 

57 0.218 0.364 0.358 -1.75 0.283 0.351 0.284 -1.51 

59 Not participated 

60 0.916 1.109 0.911 0.54 0.333 0.405 0.471 -1.02 

61 1.116 1.031 0.971 0.7 0.732 0.721 0.85 0.55 

63 0.415 0.385 0.329 -1.51 0.505 0.588 0.503 -0.37 

64 0.804 0.728 0.801 0.03 0.665 0.702 0.9 0.51 

65 1.011 1.112 1.06 0.75 0.573 0.629 0.589 -0.04 

66 0.949 1.069 1.076 0.68 0.723 0.818 0.755 0.54 

70 No value provided   No value provided   

71 0.955 1.072 0.863 0.5 0.402 0.419 0.503 -0.83 

73 1.237 1.162 0.693 0.68 1.539 1.929 1.539 3.62 

75 0.521 0.487 0.535 -0.98 0.224 0.237 0.324 -1.74 

76 1.775 1.82 1.64 2.51 0.874 0.972 0.912 1.07 

77 0.975 0.942 1.04 0.56 0.377 0.549 0.491 -0.67 

78 0.672 0.768 0.676 -0.24 0.672 0.614 0.655 0.14 

80 0.613 0.57 0.586 -0.68 0.542 0.409 0.537 -0.55 

82 0.845 0.76 0.852 0.13 1.156 1.055 1.088 1.68 

83 0.504 0.485 0.465 -1.09 0.241 0.269 0.235 -1.8 

84 0.584 0.574 0.679 -0.6 0.733 0.745 0.615 0.31 

86 2.631 2.18 2.556 e.e. 0.601 0.73 0.644 0.18 

87 0.885 0.925 0.943 0.39 0.564 0.421 0.566 -0.45 

88 0.567 0.659 0.772 -0.39 0.589 0.519 0.611 -0.17 

 

LC 
BVC_1 

Sp. 3 

BVC_2 

Sp. 3 

BVC_3 

Sp. 3 

Zu-

score 

Sp. 3 

BVC_1    

Sp. 4 

BVC_2    

Sp. 4 

BVC_3    

Sp. 4 

Zu-

score 

Sp. 4 

1 0.066 0.061 0.064 -1.71 0.6 0.582 0.588 -1.48 

2 0.089 0.09 0.084 -1.37 0.829 0.907 0.854 -0.91 

3 0.163 0.208 0.137 -0.24 1.211 1.234 1.271 -0.12 

4 0.099 0.098 0.105 -1.19 0.675 0.698 0.731 -1.25 

5 0.22 0.201 0.213 0.2 1.348 1.739 1.794 0.42 

6 No value provided   0.443 0.461 0.425 -1.79 

9 0.179 0.227 0.152 -0.01 1.325 1.642 1.362 0.19 

10 0.047 0.05 0.045 -1.93 0.283 0.276 0.257 -2.15 

13 0.404 0.286 0.293 1.12 2.926 2.19 2.788 1.72 

14 0.174 0.153 0.17 -0.29 1.13 1.413 0.984 -0.26 

15 0.086 0.089 0.079 -1.42 1.139 1.245 1.106 -0.28 

16 0.256 0.289 0.238 0.59 2.369 2.262 2.298 1.3 

19 0.114 0.109 0.121 -1 1.811 1.525 1.663 0.47 

21 0.198 0.238 0.232 0.29 1.033 1.04 1.106 -0.5 

22 0.127 0.132 0.16 -0.65 1.171 3.305 2.066 1.14 

23 0.153 0.178 0.196 -0.15 1.35 1.527 1.417 0.17 

24 0.432 0.324 0.38 1.53 5.654 5.932 5.176 e.e. 

25 0.231 0.261 0.248 0.48 2.716 2.517 2.497 1.64 
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LC 
BVC_1 

Sp. 3 

BVC_2 

Sp. 3 

BVC_3 

Sp. 3 

Zu-

score 

Sp. 3 

BVC_1    

Sp. 4 

BVC_2    

Sp. 4 

BVC_3    

Sp. 4 

Zu-

score 

Sp. 4 

26 0.28 0.305 0.229 0.67 1.577 1.59 1.171 0.19 

27 0.564 0.295 0.936 3.27 5.479 1.686 4.56 3.36 

28 0.089 0.086 0.09 -1.36 5.759 5.346 5.34 e.e. 

29 0.154 0.174 0.163 -0.32 1.064 1.354 1.299 -0.12 

30 0.163 0.15 0.149 -0.45 0.925 0.976 0.912 -0.76 

32 0.482 0.555 0.448 2.45 1.991 0.662 0.625 -0.43 

33 0.182 0.237 0.218 0.2 1.8 2.102 1.697 0.73 

34 0.147 0.144 0.156 -0.52 0.98 1.107 0.97 -0.59 

36 0.278 0.262 0.291 0.72 0.841 0.907 0.794 -0.95 

37 0.094 0.084 0.11 -1.26 1.366 0.513 0.804 -0.85 

38 0.166 0.136 0.164 -0.44 1.08 1.318 1.312 -0.13 

40 0.216 0.188 0.203 0.12 1.386 1.336 1.289 0.05 

42 0.023 0.024 0.027 -2.25 0.121 0.129 0.128 -2.46 

43 0.154 0.175 0.118 -0.52 1.035 0.936 1.051 -0.61 

44 0.203 0.198 0.193 0.09 1.97 2.002 2.146 0.95 

46 0.126 0.129 0.158 -0.68 1.359 1.459 1.267 0.08 

47 0.293 0.328 0.269 0.87 1.271 1.462 1.412 0.11 

48 0.146 0.167 0.157 -0.42 1.45 1.317 1.534 0.17 

49 0.178 0.231 0.184 0.09 1.032 1.309 1.117 -0.3 

51 not participated 

52 0.118 0.128 0.133 -0.84 1.991 2.167 2.459 1.17 

53 0.119 0.2 0.175 -0.31 1.128 1.351 0.846 -0.4 

54 0.175 0.169 0.149 -0.31 0.76 0.876 0.932 -0.93 

55 0.296 0.25 0.266 0.67 1.033 1.047 1.048 -0.54 

56 0.135 0.146 0.142 -0.63 1.226 1.144 1.031 -0.34 

57 0.041 0.067 0.051 -1.85 0.633 0.876 0.661 -1.21 

59 not participated 

60 0.182 0.205 0.203 0.08 1.017 1.023 1.166 -0.48 

61 0.237 0.194 0.198 0.18 1.54 1.522 1.859 0.44 

63 0.073 0.088 0.087 -1.44 0.633 0.644 0.722 -1.32 

64 0.212 0.205 0.276 0.35 1.177 1.218 1.258 -0.17 

65 0.119 0.097 0.103 -1.11 2.017 2.265 2.204 1.11 

66 0.301 0.357 0.346 1.18 0.926 1.739 1.215 -0.01 

70 No value provided   No value provided   

71 0.275 0.29 0.265 0.72 0.455 0.445 0.516 -1.73 

73 0.126 0.098 0.098 -1.1 2.639 2.863 2.463 1.75 

75 0.13 0.145 0.118 -0.77 0.734 0.718 0.743 -1.19 

76 0.268 0.297 0.372 1 3.482 2.932 3.825 2.72 

77 0.302 0.256 0.309 0.81 1.796 1.88 1.849 0.7 

78 0.128 0.128 0.122 -0.84 1.394 1.535 1.526 0.24 

80 0.295 0.306 0.287 0.87 1.298 1.361 1.531 0.13 

82 0.44 0.363 0.404 1.71 1.309 1.221 1.296 -0.05 

83 0.258 0.224 0.191 0.3 1.527 1.644 1.76 0.44 

84 0.138 0.134 0.152 -0.63 0.899 1.001 0.713 -0.9 
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LC 
BVC_1 

Sp. 3 

BVC_2 

Sp. 3 

BVC_3 

Sp. 3 

Zu-

score 

Sp. 3 

BVC_1    

Sp. 4 

BVC_2    

Sp. 4 

BVC_3    

Sp. 4 

Zu-

score 

Sp. 4 

86 0.533 0.726 0.415 2.95 37.655 33.591 37.937 e.e. 

87 0.193 0.292 0.228 0.41 1.581 1.562 1.932 0.51 

88 0.19 0.209 0.209 0.13 1.36 1.33 1.43 0.1 

 

LC 
BVC_1 

Sp. 5 

BVC_2 

Sp. 5 

BVC_3 

Sp. 5 

Zu-score 

Sp. 5 

1 0.388 0.487 0.332 0.06 

2 0.357 0.284 0.412 -0.28 

3 0.469 0.556 0.659 0.81 

4 0.324 0.344 0.364 -0.33 

5 0.534 0.633 0.602 0.95 

6 no value provided 

9 0.451 0.525 0.387 0.31 

10 0.061 0.044 0.048 -2.48 

13 1.432 1.223 1.52 e.e. 

14 0.348 0.33 0.36 -0.31 

15 0.303 0.303 0.3 -0.64 

16 0.474 0.468 0.397 0.27 

19 0.38 0.414 0.465 0.15 

21 0.447 0.371 0.451 0.16 

22 1.517 0.695 1.761 e.e. 

23 0.593 0.492 0.392 0.49 

24 3.218 2.803 3.737 e.e. 

25 0.594 0.541 0.501 0.74 

26 0.125 0.182 0.072 -1.93 

27 1.238 0.471 1.71 3.55 

28 0.264 0.259 0.257 -0.95 

29 0.71 0.62 0.764 1.46 

30 0.399 0.424 0.416 0.11 

32 0.218 0.481 0.768 0.47 

33 0.312 0.267 0.273 -0.77 

34 0.269 0.261 0.3 -0.82 

36 0.203 0.2 0.196 -1.39 

37 0.334 0.162 0.225 -1.09 

38 0.859 0.657 0.808 1.82 

40 0.407 0.392 0.42 0.08 

42 0.028 0.025 0.03 -2.65 

43 0.428 0.369 0.309 -0.15 

44 0.607 0.613 0.542 0.94 

46 0.388 0.296 0.388 -0.23 

47 no value provided 

48 0.752 0.638 0.681 1.42 

49 0.264 0.343 0.317 -0.59 

51 not participated 



 
Final report proficiency test phytoplankton 2025 / 2026 

Seite 71 von 74 
 

LC 
BVC_1 

Sp. 5 

BVC_2 

Sp. 5 

BVC_3 

Sp. 5 

Zu-score 

Sp. 5 

52 0.337 0.296 0.356 -0.43 

53 0.25 0.379 0.191 -0.85 

54 0.328 0.314 0.256 -0.66 

55 0.31 0.33 0.425 -0.25 

56 0.317 0.303 0.327 -0.54 

57 0.099 0.242 0.058 -1.88 

59 not participated 

60 0.315 0.288 0.246 -0.78 

61 0.396 0.313 0.466 0.01 

63 0.334 0.311 0.268 -0.62 

64 0.466 0.397 0.428 0.2 

65 0.749 0.681 0.586 1.34 

66 0.427 0.335 0.311 -0.23 

70 no value provided 

71 0.332 0.296 0.183 -0.87 

73 2.272 1.701 1.993 e.e. 

75 0.252 0.201 0.239 -1.16 

76 1.18 0.954 1.039 3.16 

77 0.47 0.397 0.453 0.24 

78 0.484 0.551 0.54 0.64 

80 0.534 0.461 0.513 0.54 

82 0.386 0.407 0.495 0.19 

83 0.678 0.593 0.456 0.88 

84 0.371 0.27 0.34 -0.45 

86 31.176 31.045 31.078 e.e. 

87 0.504 0.504 0.608 0.71 

88 0.364 0.448 0.319 -0.09 
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8. Appendix 4: Results of component 3 

Table 26. Results of the taxonomic determinations for every video and participant. The final %-score for every 

participant is also provided. 

LC 
Video 

1 

Video 

2 

Video 

3 

Video 

4 

Video 

5 

Video 

6 

Video 

7 

Video 

8 

Video 

9 

Video 

10 

%-

score 

1 1 1 1 1 1 1 1 1 1 1 100 

2 1 1 1 1 1 1 1 1 1 1 100 

3 1 1 1 1 1 1 1 1 1 1 100 

4 1 1 1 1 0.67 1 1 1 1 1 97 

5 1 1 1 1 1 1 1 1 1 1 100 

6 1 0.5 1 1 0.67 1 0.33 0.33 1 1 78 

9 1 1 1 1 1 1 0.67 1 1 1 97 

10 1 1 1 1 1 1 1 0.67 1 1 97 

13 1 1 1 1 1 1 1 1 1 1 100 

14 1 1 1 1 1 1 1 1 1 1 100 

15 1 1 1 1 1 1 1 1 1 1 100 

16 1 1 1 1 1 1 1 1 1 1 100 

19 1 1 1 1 1 1 1 1 1 1 100 

21 1 1 1 1 1 1 0.33 1 1 1 93 

22 1 1 1 1 1 1 1 1 1 1 100 

23 1 1 1 1 1 1 1 1 1 1 100 

24 1 1 1 1 0.67 0.5 1 1 1 1 92 

25 1 1 1 1 1 1 1 1 1 1 100 

26 1 1 1 1 1 1 1 0.33 1 1 93 

27 1 1 0.7 1 1 0 1 1 1 0 77 

28 1 1 1 1 0.67 0 0.67 0.33 1 1 77 

29 1 1 1 1 1 1 1 1 1 1 100 

30 1 1 1 1 1 1 0.33 1 1 1 93 

32 1 1 0.67 1 1 0 1 1 1 1 87 

33 1 1 1 1 0.67 1 0.33 0.33 1 1 83 

34 1 1 1 1 1 1 1 1 1 1 100 

36 1 1 0.67 1 0.67 0 0.67 1 1 1 80 

37 1 1 1 1 1 1 1 1 1 1 100 

38 1 1 0.67 1 1 1 1 1 1 1 97 

40 1 1 1 1 1 0 1 1 1 1 90 

42 1 1 1 1 1 1 1 1 1 1 100 

43 1 1 1 1 1 1 1 1 1 1 100 

44 1 1 1 1 1 1 1 1 1 1 100 

46 1 1 1 1 0.67 0 1 1 1 1 87 

47 Not participated 

48 1 1 1 1 0.67 1 0.33 1 1 1 90 
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LC 
Video 

1 

Video 

2 

Video 

3 

Video 

4 

Video 

5 

Video 

6 

Video 

7 

Video 

8 

Video 

9 

Video 

10 

%-

score 

49 1 1 1 1 1 1 1 1 1 1 100 

51 1 1 1 1 0.67 1 1 1 1 1 97 

52 1 1 1 1 1 1 1 0.67 1 1 97 

53 1 1 1 1 1 1 1 1 1 1 100 

54 1 1 1 1 1 1 1 1 1 1 100 

55 1 1 1 1 1 1 1 1 0.67 1 97 

56 1 1 1 1 1 1 1 1 1 1 100 

57 1 1 1 1 1 0.5 1 1 1 1 95 

59 1 0.5 0.67 1 0.67 0 0.67 0.67 0.67 0 59 

60 1 1 1 1 1 1 1 1 1 1 100 

61 1 1 1 1 1 1 0.67 1 1 1 97 

63 1 1 1 1 1 1 1 1 1 1 100 

64 1 1 1 1 1 1 1 1 1 1 100 

65 1 1 1 1 1 1 1 0.33 1 1 93 

66 1 1 1 1 1 1 1 1 1 1 100 

70 1 1 1 1 0.67 0.5 0.67 1 1 1 88 

71 1 1 1 1 1 1 1 1 1 1 100 

73 1 0.5 1 1 0.67 1 0.33 0.33 1 1 78 

75 1 1 1 1 1 1 1 1 1 1 100 

76 1 1 1 1 1 1 1 1 1 1 100 

77 1 1 1 1 1 1 1 1 1 1 100 

78 1 1 1 1 1 1 0.7 0.33 1 1 90 

80 1 1 1 1 0.67 0 1 1 1 1 87 

82 1 1 1 1 1 1 1 1 1 1 100 

83 1 0.5 1 1 0.67 0 1 1 1 1 82 

84 1 1 1 1 1 1 1 1 1 1 100 

86 1 1 1 1 0.67 1 1 1 1 1 97 

87 1 1 1 1 1 1 1 1 1 1 100 

88 1 1 1 1 0.67 1 1 1 1 1 97 

 


