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1. Summary of results 

 

• 30 analysts from 20 laboratories across Europe returned results. There is a lack of 

reproducibility between laboratories and reference values: If the reference values were validated, 

most laboratories would be outside the accepted variance of 2 Standard deviations of the mean. 

 

• The descriptive statistics suggests, the data don’t follow a normal distribution for most 

counts, despite this, most Individual charts and Z-scores suggest most analysts perform within 

the 2 standard deviation of the mean of the other analyst’s results. 

 

• Six organisms were preserved and spiked in the samples. Three toxic species and three 

non-toxic species.  Analysts were better overall at identifying the toxic from the non-toxic 

species. 

 

• Three of the species were large in size (A.sanguinea, G.pacificus, P.lima) compared to the 

other three which were smaller in size (A.minutum, S.trochoidea, H.minima). Analysts performed 

better at identifying the larger species from the smaller ones. 

 
 

• Heterocapsa minima were the most difficult organism to identify: 13 analysts did not find 

this species in the sample. 4 analysts misidentified it, three of which named it as Azadinium.  

 

• Akashiwo sanguinea and Prorocentrum lima were the easiest organisms to identify. All 

analysts recorded these species correctly. Gambierdiscus pacificus was easy to identify to genus 

level but most analysts (15 in total) thought it was the species G.toxicus. 

 

• G.pacificus was not identified by four analysts. These analysts came from laboratories 

which don’t find these species in their waters. 

 

• A reliability qualitative measure calculated for the method indicates that the method is 

more sensitive (91%) than specific (76%) and its efficiency based in the data is 83%. The false 

positive rate is higher (29%) than the false negative rates (8%) indicating that we are more likely 

to mis-identify a non-toxic species than the other way around. 

 



 

5 
 

• Most analysts performed above the 90% mark for the ‘Ocean Teacher’ Bequalm Hab quiz 

exercise. Questions 4,7,8,9 and 10 were perfectly answered by all analysts. Q12 was the worst 

answered question. This was the question on the diatom taxonomy of the genus Pseudo-nitzschia 

spp.  

 

2. Introduction 

 

The Phytoplankton Bequalm intercomparison study in 2011 was designed to test the ability of 

analysts to identify and enumerate correctly marine phytoplankton species in spiked preserved 

water samples using culture material. 

 

This study was designed to study size range bias; large versus small size of organisms, toxic 

versus non-toxic, reproducibility between and within laboratories, Z-scores of analysts against 

the mean and 2 Standard deviation of all the analysts results, a comparison between analysts 

results and non validated reference values set up by the organizing laboratory and false 

positive/negative rates for the test method as a reliability measure of how good the test method is 

at the composition of a sample. 

 

Collaboration between the Marine Institute in Ireland and the IOC UNESCO Centre for Science 

and Communication of Harmful algae in Denmark on the Bequalm intercomparison exercise 

commenced in 2011. This collaboration involved the use of algal cultures from the Scandinavian 

Culture Collection of Algae and Protozoa in Copenhagen and also included the elaboration of a 

marine phytoplankton taxonomy quiz using an online platform called ‘Ocean Teacher’. This Hab 

quiz was designed by Jacob Larsen (IOC). 

 

This year, 34 analysts from 20 laboratories across Europe took part in this exercise. It is the first 

year we had participants from Greece. There are now three countries in the Mediterranean area 

taking part in this intercomparison; this includes laboratories from Spain (3), Croatia (1) and 

Greece (1). In the Atlantic area of influence, there are 9 laboratories across the UK, 2 in the 

Netherlands, 2 in Spain and 2 in Ireland. 

 

This intercomparison exercise has been coded in accordance with defined protocols in the 

Marine Institute, for the purposes of quality traceability and auditing. The code assigned to the 

current study is PHY-ICN-11-MI1. PHY standing for phytoplankton, ICN for intercomparison, 
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11 refers to the year 2011, MI refers to the Marine Institute and 1 is a sequential number of 

intercomparisons for the year. So, 1 indicates the first intercomparison for the year 2011. 

 

3. Materials and Methods 

 

Analysts were instructed where possible to use the light microscopy technique of Utermöhl 

(Utermöhl 1931, 1958) for the analysis of water samples for abundance and composition of 

marine phytoplankton. Samples were sent to the analysts in 30ml plastic sterilin tubes, these 

were preserved using neutral Lugol’s iodine solution. A 25ml volume was set as the preferred 

analysis volume but other sub-sample volumes were allowed (see instructions: Annex 3). 

 

Analysts were given four weeks from sample receipt to analyse and return the results to the 

Marine Institute phytoplankton laboratory. 

 

3.1 Culture material selection 

 

The organisms spiked in the samples were sourced from the Marine Institute culture collection 

(CCMI) in Ireland and the Scandinavian Culture Collection of Algae and Protozoa (SCCAP) in 

Denmark. 

 

Six organisms were selected from a wider group of organisms for the exercise. Each culture was 

assessed for suitability in respect of shape, size, concentration and culture condition. The 

selected species for this exercise were: Akashiwo sanguinea (Hirasaka) Hansen & Moestrup, 

Gambierdiscus pacificus (Chinain & Faust), Prorocentrum lima (Erhenberg), Alexandrium 

minutum (Halim), Scrippsiella trochoidea (Stein) Balech & Loeblich III and Heterocapsa 

minima (Pomroy).   

 

This list was decided to study size ranges: small organisms (A.minutum, S. trochoidea, 

H.minima) and large organisms (G.pacificus, A.sanguinea, P.lima) and the ability to produce 

marine biotoxins: toxic species (G.pacificus, P.lima and A.minutum) from non-toxic species 

(S.trochoidea, A.sanguinea and H.minima). The designed is balanced with three species of each. 

 

 

 



 

7 
 

3.2 Cell concentrations 

 

The cell concentration of the organisms was not considered critical for this particular study. 

Generally the cell concentrations were low and ranged from approximately 500 cells for 

A.sanguinea to 20 cells for H.minima in each 30ml sample. The idea was that all analysts would 

use the same counting strategy, in this case a whole chamber count for all species to avoid 

variability due to different counting methods. Preliminary cell counts to establish the cell 

concentration of each species was carried out using a Sedgewick-Rafter (Pyser-SGI, Kent, UK) 

cell counting chamber to ascertain an approximation of the cell concentration required. 

 

3.3 Treatments and replicates 

 

There was only one sample type for this study and this was sent in triplicates to the analysts. 

Each analyst would have to analyse three samples randomly selected from the sample 

population. 

 

3.4 Sample preparation, homogenization and spiking 

 

All samples were prepared following the same protocol. The seawater used in this experiment 

was natural field water collected in Rinville, Oranmore, Ireland, filtered through GF/C 

Whatmann filters (WhatmannTM, Kent, UK), autoclaved (Systec V100, Wettenberg , Germany) 

and preserved using Lugol’s iodine solution (Clin-tech, Dublin, Ireland). 

 

A master mix of each organism was prepared separately using 500ml screw top Schott glass 

bottles (Duran®, Mainz, Germany), containing the filtered seawater. These 500ml bottles were 

considered to be the best to aliquot 200 x 1ml samples in total, thus avoiding concentration 

effects due to the master mix volume being too small or too large, If the volume is too small, 

quenching effects occur and if it is too large, manual homogenization of the mixture becomes an 

issue. Each bottle was inverted 100 times to homogenate the sample and 1ml aliquots were 

pipetted out after each 100 times inversion using a calibrated 1ml pipette (Gilson, Middleton, 

USA) with 1ml pipette tips (Eppendorf, Cambridge, UK). The 1ml aliquots were dispensed into 

30ml plastic sterilin tubes (Sardstedt, Nümbrech, Germany).  
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The final volume of each sample was 30 ml approximately, which gives enough volume to fill a 

25ml sedimentation chamber to the top. As the samples would contain a 1ml aliquot of each of 

the 6 organisms, the volume of sterile filtered seawater aliquot was 24ml + 1ml x 6 of each 

species, to make the 30ml sample. The 24ml of filtered seawater were measured using a 25ml 

serological pipette (Sardstedt, Nümbrech, Germany) and the volume weighted in a calibrated 

balance (ME414S Sartorius, AG Gottingen, Germany), The density of seawater was considered 

for this purpose to be 1.025g/ml, so approximately 24.6g were equivalent to 24ml volume. 

 

200 samples were produced for this study. 102 samples were sent to 34 analysts at 3 samples per 

analyst, and a further 15 samples were used to obtain reference values by the organizing 

laboratory. So, 117 samples of the total sample population were analysed. 

 

3.5 Sample randomization 

 

All the samples were allocated randomly to the participants with Minitab statistical software 

vr15.0 randomization tool. 

 

3.6 Bequalm HAB quiz 

 

 This year the HAB quiz was organized and set up by Jacob Larsen (IOC UNESCO, Centre for 

Science and Communication on Harmful Algae) in Denmark. 

 

The exercise was uploaded into a web platform called ‘Ocean teacher’ that participants have to 

access in order to participate. The analysts had to go to the following web address 

http://classroom.oceanteacher.org/ scroll down and login. This login process allows the website 

to gather the required information about the participant and it goes through a typical registration 

protocol, where you sign in with a username and password. These can be used later to access the 

test and attempt it. The course itself was found under the courses tab in the main menu page and 

under the section called interdisciplinary courses. Analysts could link to the Harmful Algal 

Bloom programme BEQUALM and quiz content from here once they were given permission by 

the manager of the course (Jacob Larsen). 

 

The test itself consisted of 13 questions (see Annex 7). There were three questions related to 

nanoflagellates, seven questions on armoured dinoflagellates, four of those based on 
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Alexandrium, two questions on diatoms and one general question on biotoxin symptoms in 

humans. Most questions had either a drop down menu where you choose from a list or you had 

to choose one of a number of options by ticking a box. One question was open ended and needed 

text input from the analysts. This was the first time to use this platform for the Bequalm exercise. 

 

3.7 Forms and instructions 

 

The instructions for the exercise (Annex 3) were sent to all participants. All analysts were asked 

to read and follow the instructions before commencing the test. Two forms were also send to the 

analysts, Form 1 (Annex 1) was a form to confirm the receipt of materials; number of samples, 

samples in working order and correct sample code. Form 2 (Annex 2) is a hardcopy to write the 

results of the test, both abundance and composition. These forms were sent to the analysts via e-

mail, with their respective laboratory and analyst codes. 

 

The samples were couriered via TNT couriers for a one day delivery across Europe, in order for 

all the laboratories to have the same arrival time. 

 

3.8 Statistical analysis 

 

Statistical analysis was carried out on Minitab vr15.0 and Microsoft office Excel 2007 on the 

data returned.  A graphical summary of the data for each species was carried out using the 

Anderson-Darling test which doesn’t assume the normality of the data. This test allows for a 

graphical representation and a number of useful descriptive statistics of the data. 

 

The analysts’ results were represented by Individual charts for each analyst and every species. 

This data was plotted against the mean and 2 standard deviations of the analysts’ results and also 

against a set of reference values set by the organizing laboratory. A whiskers and box plot was 

used to compare the data set between the laboratories and the organizing laboratory. 

 

Z-scores using Excel were plotted to show the final score of each analyst and every identification 

in the sample using the mean and 2 standard deviation of all the analysts results. 

 

The sample composition results had been used to build a qualitative reliability measure for the 

test method. This measure gives an indication of how fit for purpose this method is for the 
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correct identification of microalgae in preserved water samples. It doesn’t give any information 

on the abundance results. It has been solely developed to give information on the qualitative side 

of the method.  

 

As a qualitative test, the degree of correctness of the organism identification has been measured 

for the method in terms of false positive and negative rates. These positive and negative rates 

based on false positive and negative responses have been combined and expressed as a Bayesian 

likelihood ratio. The sensitivity and specificity of the method has been calculated as a Youden 

index (Youden, 1975). In order to calculate the positive and negative rates of this 

intercomparison, a definition was needed to describe what makes a false positive rate and what 

makes a false negative rate. The definition of a false positive rate is the number of false positive 

results divided by the number of true negative results + false positive results. Equally the false 

negative rate is the number of false negative results divided by the number of true positive 

results + false negatives results. 

 

A true positive (TP) result in this case is the number of toxic/harmful species correctly 

identified. A false positive (FP) result is the number of non-toxic/non-harmful species identified 

incorrectly or identified as toxic/harmful. A true negative (TN) is the number of non-toxic/non-

harmful species correctly identified and a false negative (FN) is the number of toxic/harmful 

species identified incorrectly or identified as non-toxic/non-harmful. 

 

This gives us a very powerful reliability measure for the intercomparison (Table below). These 

rates then can be used to construct a measure of how sensitive, specific and efficient the method 

is.  

 

Table 1: Expression of reliability measure for identification 
Realiability measure Expression
False Positive Rate FP/(TN+FP)
False Negative Rate FN/(TP+FN)

Sensitivity TP/(TP+FN)
Specificity TN/(TN+FP)
Efficiency TP+TN/(TP+TN+FP+FN)

Youden Index Sensitivity+Specificity-1
Likelihood ratio 1-False Negative rate/False 

Bayes Posterior probability Bayes Rule  
The correct identification of the following organisms P.lima, G.pacificus and A.minutum were 

considered to be true positives, the correct identification of A.sanguinea, S.trochoidea and 
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H.minima, were considered to be true negatives. If an analyst, did not identified or misidentified 

a true positive organism, then the response was considered a false negative response, equally, if 

an analyst did not identified a true negative organism, then the response was considered a false 

positive response.  

 

4 Results 

 

4.1 Enumeration results 

 

4.1.1 Data 

30 analysts from 20 laboratories returned enumeration results on three replicate samples 

containing seawater spiked with 6 cultured organisms. 

The mean of the three replicates for each analyst has been used to generate z-scores, I charts and 

descriptive statistics of the data. The data was manipulated using Microsoft Excel 7 and the 

graphs were generated using Minitab vr.15.0 and Excel also. 

 

4.1.2 reference data. 

The organizing laboratory had generated reference data values for each species from 15 replicate 

counts. This data has been used to compare values with the analysts but have not been used to 

generate z-scores or I-charts. It has only been used for comparative purposes only. 

 

4.1.3 Analysts results 

 

 4.1.3.1 Descriptive statistics 

 

Table 1 shows the mean results returned by the analysts for this intercomparison. The * symbol 

signifies that no counts were returned by an analyst in a particular species, this has been treated 

statistically as a non-result, and ‘nr’ means ‘no results received’. 30 analysts out of 33 that took 

part in the intercomparison returned results to the organizing laboratory. The results are 

expressed in cells per litre. 

 

The descriptive statistics of the mean results for each organism were represented using the 

Anderson-Darling normality plot. This test doesn’t assume that the data is normal. The P-value 

reported is the probability of the data being normally distributed. If the P-value is less than 0.05, 
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then the data is not normally distributed.  Figures 1 to 6 are an example of the type of summary 

statistics that can be drawn from the data. The output contains several important descriptive 

statistics of the data. 

 

Table 2: Analysts results 
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Figure 1 to 6: Anderson-Darling normality test (Analysts’ results) for A.sanguinea, 

G.pacificus, P.lima, A.minutum, S.trochoidea and H.minima. 

 

Figure 1 
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Figure 3 
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Figure 5 
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Only the A.sanguinea and the S.trochoidea data appears to follow a normal distribution, the other 

four graphs suggest that the data is not normal. 

 

 4.1.3.2 reference data comparison to analysts’  data 

 

The reference data in this exercise was used for comparative purposes only between the analyst’ s 

data and the reference laboratory. This was done to test the hypothesis of a scenario where the 

analyst data was compared to validated true values. This is only hypothetical as the reference 

values are not truly validated, so any inferences and conclusions from the following set of data 

should be interpreted carefully. 

 

The box plot (figure 7) compared analysts’  data against the reference data. This suggests that the 

data is not comparable. The mean value for A.sanguinea is double the value found by the 

participants. This is also the case for A.minutum and S.trochoidea cell counts.  

 

Figure 7: Box plot of analysts’ data versus reference values 
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Generally, the standard deviation for the reference counts was half that of the analysts. This type 

of precision is normal as there were more replicate counts for the reference values. This data is 
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not shown here but can be extracted from the box plot size and shape. If these values had been 

validated many analysts would have been outside the specification for most counts. Of course, 

there is no validity to this claim as the reference counts have not been validated and therefore it 

could be case that the reference counts could be less accurate than the analysts’  counts. 

 

4.1.3.3 Individual charts and Z-scores 

 

The individual charts (figures 8 to13) show the individual mean values for each species by 

laboratory code. Analyst 1 was outside the 2 standard deviation for the A.sanguinea cell count. 

Analyst 4 was out in the G.pacificus cell count while other three analysts (30, 28 and 3) did not 

returned results for this species. Three analysts (1, 3 and 23) were out in the P.lima cell count. 

Analysts 18 and 30 were out in the A.minutum cell count and three analysts did not returned 

counts (20, 8 and 16). Analyst 18 was outside the limits for the S.trochoidea cell counts and one 

analyst (20) did not returned results. Analyst 18 was outside the limits for H.minima counts and 

eleven analysts did not returned results (31, 17, 33, 5, 30, 8, 24, 12, 3, 6 and 14). 

 

Figures 8 to 13: I-charts of individual results split by Laboratory code for A.sanguinea, 

G.pacificus, P.lima, A.minutum, S.trochoidea and H.minima. 
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Figure 9 
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Figure 10 
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Figure 11 
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Figure 12 
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Figure 13  
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It is important to note that the median and not the mean of the results were used here for 

H.minima to establish the limits for this count. The reason for using the median was that the 

distribution of H.minima was clearly skewed and the mean is nearer the tail of the distribution 

(see Anderson Darling normality test for H.minima) a count by analyst 20 would have brought 

the mean quite high compare to the rest. It is clear from table 1 that analyst 20 most likely 

counted A.minutum and S.trochoidea cells as H.minima. 

 

Figures 14 to 19 represent the Z-scores by analyst code for each species. Analysts had to fall 

within the 2 standard deviations of the mean of all the results. In some cases, there are no results 

for some analysts on particular species, this mean that the analysts did not returned results for 

these species, and these are also out of specification results. 
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Figures 14 to 19: Z-scores by analyst code for A.sanguinea, G.pacificus, P.lima, A.minutum, 

S.trochoidea and H.minima. 
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Figure 15 
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Figure 16 
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Figure 17 

"�#



"�#



"�#




#



�#



�#



�#



�#



�� � � �� � �� � �� �� �� �� �
 	 �� � �	 �� �� �� � �� �	 �� � �� �
 �� �
 � ��

�
��
��
�	

�����������	

������	��
������ ������ ��	���������

 
 

 

 



 

23 
 

Figure 18 

 
 

Figure 19 
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4.2 Identification results 

 

4.2.1 Toxic versus non-toxic species 

 

The samples were spiked with three toxic and three non-toxic organisms. The correct number of 

responses was compared between these two groups. The box plot (figure 20) of correct toxic 

versus correct non-toxic suggests that analysts were better at recognizing the toxic organisms 

from the non-toxic ones. The mean of % toxic correct results was 91.1% compared to 77.8% for 

non-toxic correct results. 

 

Figure 20: Box plot of correct answers for toxic against non-toxic species 
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The case profile plots (figures 21 and 22) represent the comparison of % correct answers 

between toxic and non-toxic species by analysts and laboratories. The % of correct answers by 

analysts is high and it follows the trend of better recognition of toxic than non toxic algae. Only 

analyst 20 in figure 21 breaks this trend. Figure 22 shows the mean results by laboratory, as 

some laboratories are represented by one analyst only, the results are not directly comparable 

across the board between all the laboratories.  
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Figure 21: Case profile plot by analyst of correct answers between toxic and non-toxic 

species 
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Figure 22: Case profile plot by Laboratory of correct answers between toxic and non-toxic 

species 
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4.2.2 Large size versus small size species 

 

A comparison was made between large and small size organisms in the samples. The box plot of 

the % correct answers for large and small size species (figure 23) shows that analysts were better 

at correctly identifying large cells from smaller cells. This was 94.4% correct large cells against 

74.4% correct small cells. It is clear that analysts are better at identifying larger size cells in the 

samples.  

 

Figure 23: Box plot of correct answers for large against small species 
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The case profile plots (figure 24 and 25) between analysts and laboratories show that is easier to 

identify correctly larger organisms from smaller ones. 
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Figure 24: Case profile plot by analysts of correct answers between large and small species 
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Figure 25: Case profile plot by laboratory of correct answers between large and small 

species 

 

,
���
��
��#
'�
��
#�

,
���
�)
��
#'
��
�#
�

,
���
��
��#
'�
��
#�

,
���
�)
��
#'
��
�#
�

���

��

��

���

��

��

���

��

��

,
��
�
��
� �#
'�
� �
#�

,
�� �
�)
��
#'
��
�#
�

���

��

��

,
��
�
��
� �#
'�
��
#�

,
�� �
�)
��
#'
��
�#
�

,
��
�
��
� �#
'�
��
#�

,
�� �
�)
��
#'
��
�#
�

�



�
��

= - ! @

A 4 2 / &

< � ( ? �

� 6 � + >

&

<

�

(

?

�

�

6

�

+

�

>

=

-

!

@

A

4

2

/

-?!@

<�=

������"��
�7��D�<�=�-?!@

�����
�������'����,#���,������#
,�#'���#�����)��#�����"������������#����

 
 



 

28 
 

4.2.3 Reliability qualitative measure. 

 

The results indicate so far that analysts are better at identifying toxic from non-toxic algae and 

better again at the identification of larger cells from smaller ones. 

  

Analysts were asked to identify all the organisms in the samples to the highest taxonomic level 

possible. P.lima and A.sanguinea were to be identified to species level and the other four 

organisms (G.pacificus, S.trochoidea, A.minutum and H.minima) were required to be identified 

to genus only. All analysts identified correctly to species level the organisms A.sanguinea and 

P.lima.  

 

Regarding the identification of Gambierdiscus pacificus seven analysts identified to genus level 

only, four analysts did not identified Gambierdiscus and one misidentified it as Pyrophacus, the 

rest (19 analysts) decided to go to species. Fifteen analysts identified this organism as 

Gambierdiscus toxicus, one as G.belizeaneum and three analysts were correct (G.pacificus). 

 

The Alexandrium genus is hard to identify to species level unless analysts can do calcofluor 

staining or see the thecal plates of empty cells at high magnifications, therefore, identification to 

genus level was sufficient for the exercise. Twenty seven analysts out of thirty identified 

Alexandrium in their samples. Three analysts did not identify Alexandrium at all. Eleven analysts 

identified to genus level correctly and sixteen analysts decided to identify to species level. 

Fourteen were correct on naming this organism as A.minutum while two others identified as 

A.tamarense. 

 

On S.trochoidea, two analysts did not identify these species in the samples, the rest (28 analysts) 

identified correctly, seventeen stayed at genus level and eleven identified correctly to species. 

H.minima was identified correctly to species level only by four analysts, ten others identified 

correctly to genus level and thirteen analysts did not identified these species at all. Three analysts 

also misidentified the species, two of those as Azadinium and one other as Gymnodinium.  

 

Only the correct identification of the organisms to genus level has been used to build this 

reliability measure for the exercise (Table 3). The reliability measure (Table 4) shows that the 

sensitivity of this method is high (91%), while the specificity is a bit lower (76%), the reason for 

this is that the false positive rate is higher (29%) compared to the false negative rate (8%).  
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Table 3: identification results by species and analyst for the reliability study 
$

���������	� 
 �����
���� ����� � ��� ������ ����������	� � �� ���� �

31 1 1 1 1 1 0
20 1 0 1 0 0 1
27 nr nr nr nr nr nr
32 nr nr nr nr nr nr
17 1 1 1 1 1 0
33 1 1 1 1 1 0

5 1 1 1 1 1 0
7 1 1 1 1 1 1

30 1 0 1 1 1 0
11 1 1 1 1 1 1

8 1 1 1 0 1 0
13 nr nr nr nr nr nr
23 1 1 1 1 1 0
22 1 1 1 1 1 1

2 1 1 1 1 1 1
19 1 1 1 1 1 0
10 1 1 1 1 1 1
28 1 0 1 1 1 0
25 1 1 1 1 1 1
16 1 1 1 0 1 0
24 1 1 1 1 1 0

4 1 1 1 1 1 1
21 1 1 1 1 1 0
18 1 1 1 1 0 1
26 1 1 1 1 1 0
15 1 1 1 1 1 1
12 1 1 1 1 1 0

3 1 0 1 1 1 0
29 1 1 1 1 1 1

1 1 1 1 1 1 0
9 1 1 1 1 1 1
6 1 0 1 1 1 0

14 1 1 1 1 1 0

���������	
�
species identified correctly (1) nr= no results

 
 

Table 4: Reliability measure for 2011 

$
0 25 30 27 0 0 82
30 0 0 0 28 10 68
0 0 0 0 2 20 22
0 5 0 3 0 0 8

0.00 0.07 0.67 0.29
0.17 0.00 0.10 0.08

0.91
0.76
0.83
0.67
0.73

30 analysts

Sensitivity
Specificity
Efficiency

Youden Index
Likelihood ratio

TP= True positives
TN= True Negatives
FP= False Positives
FN= False Negatives
False Positive rate
False Negative rate

 
 

The sensitive is in our method how good we are at identifying toxic algae from non-toxic algae, 

the specificity in our method is how good we are at identifying algae (other than toxic ones). The 

efficiency of the test method is measured using the sensitivity and the specificity, that is how 

good we are overall at correctly identifying algae (whether toxic or not). 
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The Youden index is a single statistic of the performance of this test. It is a number between -1 

and +1. This is calculated simply by adding the sensitivity + the specificity and subtracting 1. If 

the method was perfect, the sensitivity would be one (that is a100% sensitive) and the specificity 

would be also one (that is a 100% efficient), therefore Youden index= 1 + 1 -1= +1, which is the 

perfect score. In our case the Youden index is +0.61 or 61% for 2011.  

 

The likelihood ratio shows the likelihood of obtaining a false positive or negative response in the 

method. As the number of false positive responses increase, the likelihood ratio becomes a 

positive number which increases in value. Equally, if the number of false negative responses 

increases, the likelihood ratio becomes a negative number. In our case, the likelihood ratio is 

0.73 or 73%, so we are more likely to incur in false positive responses. 

 

4.3 Ocean Teacher Hab quiz 

 

Table 5 shows all the results as a percentage of correct answers for each question and analyst. 25 

analysts returned a complete online quiz. Most analysts performed very well and over the 90% 

mark (figure 26). Six analysts were just below the 90% mark and one analyst just outside the 

80%. 

 

Table 5: Ocean teacher Hab quiz 2011 results 
Analysts 
codes

Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Total

31 100 100 100 100 100 100 100 100 100 100 66 0 89
7 100 100 100 100 100 100 100 100 100 100 100 100 100

30 75 100 100 100 100 100 100 100 100 100 66 0 87
11 100 100 100 100 100 100 100 100 100 100 66 100 97

8 100 100 100 100 100 100 100 100 100 100 100 100 100
23 87 100 100 100 100 100 100 100 100 100 100 0 91
22 100 100 100 100 83 100 100 100 100 100 100 0 90

2 100 100 100 100 100 100 100 100 100 100 100 100 100
19 100 100 100 100 100 100 100 100 100 100 66 100 97
10 100 100 100 100 100 100 100 100 100 100 66 0 89
28 100 100 100 100 100 100 100 100 100 100 66 100 97
25 100 100 100 100 83 100 100 100 100 100 100 0 90
16 100 100 100 100 100 100 100 100 100 100 66 100 97
24 100 34 100 100 100 100 100 100 100 100 100 0 86

4 100 100 100 100 49 100 100 100 100 100 100 0 87
21 100 100 100 100 100 100 100 100 100 100 100 0 92
18 100 100 100 100 100 100 100 100 100 100 100 0 92
15 75 100 0 100 100 0 100 100 100 100 66 100 78
12 100 100 100 100 100 100 100 100 100 100 100 0 92

3 100 100 100 100 100 100 100 100 100 100 66 100 97
29 100 100 100 100 100 100 100 100 100 100 100 100 100

1 100 100 100 100 100 100 100 100 100 100 100 0 92
9 100 100 100 100 100 100 100 100 100 100 100 0 92
6 100 100 100 100 100 100 100 100 100 100 49 0 87

14 100 100 100 100 100 100 100 100 100 100 100 100 100
98 97 96 100 97 96 100 100 100 100 86 44  
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The box plot (figure 27) shows the % of correct answers by question. Questions 11 and 12 which 

related to the diatom Pseudo-nitzschia spp. Appeared to be the most difficult to answer for the 

analysts.   

Figure 26: Individual value plot of online Hab quiz results by analysts 
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Figure 27: Box plot of % correct answers by question 

����������
����������������

���

��

��

��

��

�

�
��
�
��

�
�
�

��+'�������/01�/21�/31�/41�/�1�/51�/61�/71�/�1�/081�/001�/02

 



 

32 
 

The questions in this exercise can be pooled into three main groups: Questions 1 to 4 were 

questions on nanoflagellates, while questions 6 to 10 were on the genus Alexandrium and 

questions 11 and 12 were questions on the genus Pseudo-nitzschia. The box plot (figure 28) 

shows that the questions on the diatom Pseudo-nitzschia appear to be the most difficult ones for 

the analysts while the questions on Alexandrium and on nanoflagellates were generally answered 

correctly by most analysts. 

 

Figure 28: Box plot of % correct answers by group of questions: nanoflagellates, 

Alexandrium, Pseudo-nitzschia. 
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The descriptive statistics of this exercise show that questions 4, 6,7,8,9 and 10 were the easiest to 

answer with perfect scores and question 12 the worst with a mean for all analysts of 44% (see 

table 6). When the results are pooled into group of questions in specific topics (nanoflagellates, 

Alexandrium, Pseudo-nitzschia) as a cumulative percentage, we find that analysts were better at 

answering questions relating to nanoflagellates and Alexandrium (21 analysts with perfect scores 

in each group) and found it more difficult to answer the questions on Pseudo-nitzschia (only 5 

analysts got it perfectly right) (table 7). 
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Table 6: Descriptive statistics Hab quiz 2011 results 

Box plot of Q1, Q2, Q3, Q4, Q5, Q6, Q7, Q8, Q9, Q10, Q11, Q12 
 
  
Descriptive Statistics: Q1, Q2, Q3, Q4, Q5, Q6, Q7, Q8, Q9, Q10, Q11, Q12  
 
Variable   N  N*    Mean   SE Mean     StDev  Minimum      Q1  Median      Q3 
Q1        25   0   97.51      1.43      7.16    75.32  100.00  100.00  100.00 
Q2        25   0   97.35      2.65     13.25    33.77  100.00  100.00  100.00 
Q3        25   0   96.00      4.00     20.00     0.00  100.00  100.00  100.00 
Q4        25   0  100.00  0.000000  0.000000   100.00  100.00  100.00  100.00 
Q5        25   0   96.62      2.18     10.90    49.35  100.00  100.00  100.00 
Q6        25   0   96.00      4.00     20.00     0.00  100.00  100.00  100.00 
Q7        25   0  100.00  0.000000  0.000000   100.00  100.00  100.00  100.00 
Q8        25   0  100.00  0.000000  0.000000   100.00  100.00  100.00  100.00 
Q9        25   0  100.00  0.000000  0.000000   100.00  100.00  100.00  100.00 
Q10       25   0  100.00  0.000000  0.000000   100.00  100.00  100.00  100.00 
Q11       25   0   85.82      3.61     18.03    49.35   66.23  100.00  100.00 
Q12       25   0    44.0      10.1      50.7      0.0     0.0     0.0   100.0 
 
Variable  Maximum 
Q1         100.00 
Q2         100.00 
Q3         100.00 
Q4         100.00 
Q5         100.00 
Q6         100.00 
Q7         100.00 
Q8         100.00 
Q9         100.00 
Q10        100.00 
Q11        100.00 
Q12         100.0 

 

Table 7: Descriptive statistics Hab quiz 2011 by groups 

Tally for Discrete Variables: Total nanoflagellates, Total Alexandrium, Total Pseudo-nitzschia  
 
          Total                         Total 
nanoflagellates  Count  CumPct    Alexandrium  Count  CumPct 
             58      1    4.00             75      1    4.00 
             78      1    8.00             87      1    8.00 
             92      1   12.00             96      2   16.00 
             96      1   16.00            100     21  100.00 
            100     21  100.00             N=     25 
             N=     25 
 
           Total 
Pseudo-nitzschia  Count  CumPct 
              25      1    4.00 
              33      3   16.00 
              50     10   56.00 
              83      6   80.00 
             100      5  100.00 
              N=     25 
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5. Conclusions 

 

There is a lack of reproducibility between laboratory results and reference values set up by the 

organizing laboratory, as these values are not validated we cannot conclude that analysts’  results 

are more or less accurate than those achieved by the reference laboratory. It is suggested, that the 

fact that the organizing laboratory is not blinded to the experiment design might have a bearing 

at least on the precision of the counts, as the standard deviation of the reference laboratory is for 

most counts half that of the analysts. Also, the analysts’  counts for most species do not appear to 

follow a normal distribution while those by the reference laboratory for the most part do.  

 

It has been suggested that transport might be a source of bias and that sample lost could be an 

issue for the lack of reproducibility between the laboratories and the organizing laboratory. 

However, there are also participants within the organizing laboratory and the samples for these 

do not travel, and the differences with the reference values still persist, so we can conclude that 

transport might not be the problem here. Time is not an issue as the reference counts have been 

carried out more or less at the same time as those by the analysts. 

 

It is still possible that some samples may contain significantly different cell densities due to the 

techniques used, but these would have been minimized by homogenization, replication and 

sample randomization. The likelihood of one analyst receiving three samples with low densities 

compared to the others is very small. It is, therefore suggested here that the variability found in 

the samples by the analysts compared to the organizing laboratory is due to the fact that the 

organizing laboratory was not blinded to the experiment.  

 

As these reference counts are not really validated, we cannot conclude that the results found by 

the organizing laboratory are more or less accurate that those found by the analysts. A suggestion 

is made that if the results had been validated most laboratories would have been outside the 2 

standard deviation of the mean. This poses serious questions about the use in the future of 

certified reference materials. 

 

Also, it poses questions as to how we arrive at these reference cell densities. Perhaps, reference 

counts should also be blinded to the organizing laboratory. Either way, there is a need first to 

prove whether not blinding the experiment to the reference count is causing these effects and 

also whether certifying reference materials would show these differences between laboratories. 
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Regarding the identification of the species spiked in the samples, we can conclude that in general 

analysts are better at identifying toxic species (91.1% correct) from non-toxic (77.8% correct) 

and better at identifying larger cells (94.4%) from smaller ones (74.4%). These results are 

influenced in some part by the fact that the small armoured dinoflagellate H.minima was the 

most difficult species to identify in the sample due to its size and also due to its density which 

was very low.  

This exercise demonstrated by proxy that if we had spiked Azadinium spinosum (AZA producer) 

instead, as it is of similar size and shape (in fact 3 analysts had identified it as Azadinium) we 

would have found similar results. This shows the difficulty for monitoring programmes around 

the world to positively identify Azadinium by light microscopy alone when found in low 

densities in samples containing other species. 11 analysts from a field of 30 did not find the 

species in the sample.  

A qualitative reliability measure for the test method was also calculated to demonstrate how 

good analysts are at identifying correctly organisms. This measure can be updated from year to 

year to give a frequency over time about the accuracy of the identifications. Also, this measure 

gives information about how particular laboratories and analysts perform and go about 

identifying particular species. 

For example, this exercise has shown that three analysts, which were unable to identify 

Gambierdiscus pacificus in the samples came from geographical areas where this organism is not 

commonly found. Given that changes are occurring in our oceans, it is possible that species 

which are only found in tropical or sub-tropical areas may start appearing at other latitudes; 

therefore laboratory training should take this into consideration. 

We have also found, that there is a tendency to over-identify species and use the most commonly 

found or used species name, as is the case with small dinoflagellate organisms like Scrippsiella 

trochoidea and Alexandrium minutum. Most analysts decided to identify to species level based 

on light microscopy alone. Most analysts were correct in their identification but this was based 

more on an assumption that any small armoured dinoflagellate which resembles a ‘Scrippsiella’ 

type cell would generally be described as S.trochoidea even though it could either be the genus 

Ensiculifera or pentapharsodinium and a small Alexandrium would be most likely named 

A.minutum rather than tamutum or tailorii which are also very similar. 
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This was also the case for G.pacificus. The most common name used by analysts was G.toxicus; 

the reason for this was probably because it is the better known species of this genus. 

This reliability measure is also telling us that analysts are more likely to incur in false positive 

responses than false negatives responses, that is the ability of identifying a non-toxic organism 

correctly is 76% compared to the ability of correctly identifying a toxic organism (91%). This is 

good as the ability of identifying correctly toxic algae in samples is from a monitoring 

perspective the most important aspect of it. This means that the method is quite sensitive, but 

less specific at identifying everything else. The method is over 80% efficient, which is the ability 

to discriminate between toxic or non-toxic species. 

The performance of the test is given by the Youden index (61%) which is a measure of how 

sensitive and specific the test method is overall. The likelihood ratio is the possibility of 

incurring on a false type response. This was calculated as 0.73, given that the ratio is high and 

positive we can conclude that analysts are more likely to incur on a false positive response than 

vice versa, this is, more likely to name a non-toxic species as toxic than the other way around. 

Regarding the Ocean teacher online Hab quiz, the results have shown that analysts have a good 

grasp of theoretical taxonomy of microalgal groups with most analysts performing above the 

90% proficiency mark. The worst answered questions were two questions on the taxonomic 

features of the diatom Pseudo-nitzschia spp. and the best answered questions were on the genus 

Alexandrium.  

This platform used for the exercise was found to be a very useful way to design taxonomy 

quizzes in the future.  
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ANNEX 1: Form 1 return slip and checklist 

�
��:%��"��������"'�������
)� ��� 00 ��0�
;	<��0=�<��><�����
���
��)��?�����
 

���������%��������"'������(����,���,���-�%'��������'�������"'���1�������+��������������

"�����""�������#�����(���������������%��$�@�3�3��0�376236�����������$�����A"�����$���

����*���(���D�

<�7'���'�*�(���D�

����*���-'	�����
)��	�D�

-'���#��+����('��B�����
��

�)��?�����	;�������<����.�
��������������������B
��������������(��������������-��C�

���5������7����888888888888888888888888888888888888� C@�� (?�

����'.�/�����#�
'���� C@�� (?�

@�������
'����	�
	���
.
#��
'����������')��3����B;��"�2C� C@�� (?�

 
 
/�#'�.
����3���/�3�"����#�
"�	��3��
����F����	���
��	��7'"���
�
G/.���*�'.��3���7'"��
����������
��
�)F�5������#'���#��6�.���������H���
���
�I�
�
�
��&��
D�888888888888888888888888888888888888�
�
�

���D�88888888888888888888888�



 

38 
 

� � � � �
ANNEX 2: Form 2 Enumeration and identification results log sheet 
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ANNEX 3: Test instructions 
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ANNEX 4: Workshop agenda 

 

                                           
 
BEQUALM / National Marine Biological Analytical Quality Control Scheme 

Phytoplankton ring test PHY-ICN-11-MI1 
Workshop 

Tuesday, 8th September 2011 
CEFAS, The Center for Environment, Fisheries and Aquaculture Science. 

Weymouth Laboratory, The Nothe, Weymouth, Dorset, UK. 
 

Agenda 
 

09:30 Arrival to CEFAS Laboratories 
 
09:45 Lab tour of CEFAS Weymouth  facilities 
  Dr. Wendy Higman 
    
10:00 Intercalibration exercise BEQUALM 2011 

Identification exercise results/Enumeration exercise results 
Statistical analysis/Conclusions 

  Rafael Gallardo. Marine Institute. Ireland 
 
11:30  Coffee Break 
 
12:00�� "Benthic dinoflagellates in the Mediterranean Sea: past, present & 

future" by Dr. Katerina Aligizaki.  
   
13:00 Lunch  
 
14:00 Alex and his evil twin: Alexandrium tamarense in Scottish waters. 

Keith Davidson SAMS, 2011 (presented by Sarah Swan).  
   
14:30 Open Discussion: Future developments Bequalm ICN 2012. 
  All participants 
 
15:30 Closing meeting 
 
�)��	��/����#'�5��
�'�������%'�$�3'5�
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ANNEX 5: Participating Laboratories 
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ANNEX 6: Statement of Performance 
 

 
Biological Effects Quality Assurance in Monitoring Programmes /               
National Marine Biological Analytical Quality Control Scheme / 

Marine Institute 
STATEMENT OF PERFORMANCE 

Phytoplankton Component of Community Analysis 
Year 2011 

  Participant details: 
Name of organisation:  
Country:  
Participant:  
Year of joining:  
Years of participation:  

 
Statement Issued:  
Statement Number: MI-BQM-11- 

 
Summary of results: 

Akasshiwo sanguinea
Gambierdiscus pacificus

Prorocentrum lima
Alexandrium minutum
Scripssiella trochoidea
Heterocapsa minima

IOC Science and 
communication Centre on 

Harmful algae

Overall Result Taxonomic quiz (Pass Mark 70%, over 90% proficient)

Phytoplankton Taxonomy 
quiz PHY-ICN-11-MI1

Component Name

Phytoplankton 
abundance and 

composition PHY-ICN-11-
MI1

Marine Institute

Subcontracted Results identificationZ-score (+/- 2 Sigma limits)

 
 
n/a: component not applicable to the participant; n/p: Participant not participating in this component; 
n/r: no data received from participant 
The list shows the results for all components in which the laboratory participated. See over for details. 
Notes:  
 
Details certified by: 
 

 
 

 

Joe Silke   Rafael Gallardo Salas 
Section manager  Scientific Technical Officer 
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ANNEX 7: Ocean Teacher HAB Quiz  

��������	�
�		���
��������������� ������� ���� ������ ������ � ����������� ���
��
� �� � �
�
� ���� ��� � ���� �� �� ���	� �� ��	� � �������� �	� �� ��
����� �
�
��	�� ������� � ��
� �� � �� 
����  � ��� �����

� �� � �
�� � ��! �" �� ��# ����� ������	�
�		���
�� ���� ���

� 
��� ������� ������� 	�

�� � �$ % ��
& �	�" �����
� �" ��
� � ����� � �	� ��'� ��" � �

������ ����
��� �� �������
�� � 
�������� ���
�	�
�		���
�'��

� 
���� ������
�� � 
�

 

��������	�
�		���
��������������� ������� ���� ������ ������ � ���������( ���� ���  �
�� ���
)% ��� ����	�
�		���
��)# �� � �� �� ��� � ���� �� �� ��� ����
��� �� �������
�� � 
�����	�
�		���
��
* � � � � ������ ����		�" � �
�
�� � 
�� ��� �� 
����+ � � ����� ��
�� ���� ������ ������ � �������, �

- � �� 
�� � � ��
# �� �� � ��� � � ��
# �� � 	���� � � ��
# �� 
	���� � � ��
# �� �� ��� � � ��
# �� ��
� ��� � � ��
# �
��� � � � �� � � ��
# � ����� ��� �� � ���	�
�		���
�

Select one or more: 

a. Prasinophytes  

b. Raphidophytes  

c. Euglenophytes  

d. Unarmoured dinoflagellates  

e. Chlorophytes  

f. Cryptophytes  

g. Chrysophytes  

h. Haptophytes 
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. �/ � �� � �
������������	��� ���� ���
��� � �
� �	�
������ ��� �		�
 ���� �# ���� ��� ���� � ��'
���� � �	�
� ������ �
��
� �	�
�" � � � � �� ���� ���� 
��� �� ���	� �� � ��	�� ������� � ��
� �� � # �� 
�
 
�� �����
� �� � �
�� � ���� �� � ��� ����* � ���� 
��� ��� ����� ��� � ���� �� � ��� �������� ��
� �� � �
�
� �" ��
� �	�" ,  

 
Select one or more: 

���0 �� � ���� �� �� ��	�
�		�����
� ��1 �� ���
�  ��� ���  ���
� ��1 �� ���
�  ��
� ���

2 ��/ �� ���	�
� �� � �
����
 ��� � 
 �������� ��
 � � � � �� �� ���� �� � 
��� � ���� ��� � �
� �		�� 
� �
� �� 
��� �
��3 / 1 ���-  �����	� ��" �	� ��
� �� � �
�� �	��
� �
�� ���� �
��
����������4 ��" �����

 
� �� ��� ����� ����+ � ��� ���  � ��
��5 � ��� � ���
�� �	�" ���������
� �	���
� �" ��		��� ��
� ������ �		� ���+ � � �
� �� � �
��( � ���� �� ��� �
��
� �� � �
��
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Species 7 Choose...

Species 4 Choose...

Species 8 Choose...

Species 3 Choose...

Species 6 Choose...

Species 11Choose...

Species 9 Choose...

Species 1 Choose...

Species 12Choose...

Species 5 Choose...

Species 10Choose...

Species 2 Choose...

 

6 ��5 � ��� �� ��
�� �� � � ����� 	���
���� ����� ��
�� �� �����������
� �� � �
�� � ���� �� � ��� ���� ��
� � �� � �� ��	�� ��������� �
��� 	���
���� ����� ��
�

 

Number 6 indicatesChoose...

Number 1 indicatesChoose...

Number 4 indicatesChoose...

Number 5 indicatesChoose...

Number 3 indicatesChoose...

Number 2 indicatesChoose...
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����������������( � ���� �� ��� ��
� �� � �
�
� �" ���� 	��
�# �������� ����� ����
" ���� �
����
� � ����
�
�� 
���� �

� �� � �
������" �� ������ ��� 		���� �
� �		�� �� ����� �	� ������� ��� ��
������������ �
�� 7 ���� ��
� ����� ����
" ����

 

Answer:  

 

8 ��( � ���� �� ��� ��
� �� � �
�
� �" ���� 	��
�# �������� ����� ����
" ���� �
����
� � ����
�
�� 
���� �

� �� � �
������" �� ������ ��� 		���� �
� �		�� �� ����� �	� ������� ��� ��
������������ �
�� 7 ���� ��
� ����� ����
" ����

 

Answer:  
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9 ��( � ���� �� ��� ��
� �� � �
�
� �" ���� 	��
�# �������� ����� ����
" ���� �
����
� � ����
�
�� 
���� �

� �� � �
������" �� ������ ��� 		���� �
� �		�� �� ����� �	� ������� ��� ��
������������ �
�� 7 ���� ��
� ����� ����
" ����

 

Answer:  

 
 

: �� � � � � ���	�� �� ��� �	��� 
���" �4 ��" ������ ���� ��� ���  � �������7 �
� � ��� � � 
�" � � � � ���� �
� � 
���7 �
� � ��� � � �
� �		�� 
� �� �� 
��� �
��; < 1 ���/ � �� � �
����� � � � ���	������� ��� �
��		���� �
��� �� ��� ��� 
�� �" � �� ���� ���
��		����� ��� �
� �� � �
����� � ���	�
�		���
��( � ���� �� ��� ��

� �� � �
�
� �" ��� ��= � 

��'. ��

 

Identify number 1Choose...

Identify number 2Choose...

Identify number 3Choose...
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������� �� � ��� �	�� ��� � ���� 
�����+ � � �
� �� � �
�
/ �	�� �����> �

5 � ���
= �	
���

 

����������� ������ ��
�� �� � � ���� �� � ��� ������" 
�

 

Arrow head 3 points toChoose...

Arrow 5 points to Choose...

Arrow head 2 points toChoose...

Arrow 4 points to Choose...

Arrow 1 points to Choose...

Arrow 6 points to Choose...

 
 
 
 
 
 
 



 

58 
 

����( � ���� �� ��� �
���" ��
� �� � �
�������	� � ���� � �� 
 �� ��� 	��
�# �������� ����� ����
" ���� �
����
��		�" ��� ��������> ����1 ��+ + + + �'����1 ��+ + + + ������� ��� ��
������������ �
�� 7 ��� ����� ��
��
" ��
��

 

Answer:  

 
 
 

�. ��? � � ����� �� ���� �
� �� � �� ����� ����
��� �� �������
� �� ���
�� � 
�� �� ���  ���
�� � ����
� ���	� �� � �
� �		�� 
� �� �� 
��� �
��1 / 1 �� ����� � ���� ��� � �
� �		�� 
� �� �� 
��� �
��3 / 1 �� �. ������
� � �

� �		�� 
� �� �� 
��� �
��; / 1 ��
 
 

 

�


