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1 Introduction

Finnish Environment Institute (SYKE) is appointed National Reference Laboratory in the envi-
ronmental  sector  in  Finland.  The  proficiency  testing  service  (Proftest  SYKE)  is  part  of  the
SYKE Laboratory Management System based on the EN ISO/IEC 17025 standard (2005). Ma-
jority  of  Proftest  SYKE  proficiency  testing  services  conform  the  requirements  of  ISO/IEC
17043 (2010), ISO 13528 (2005), and IUPAC technical report (Thompson et al. 2006). The
Proftest SYKE is accredited by the Finnish Accreditation Service as a proficiency testing pro-
vider (PT01, ISO/IEC 17043, www.finas.fi). This phytoplankton proficiency test belongs to the
accredited scope.

SYKE phytoplankton proficiency test was originally organized every other year, but is now a
triennial test. Proftest SYKE 10/2014 is the fourth virtual phytoplankton proficiency test of
SYKE based on filmed and preserved material. The first virtual phytoplankton intercomparison
test was carried out in 2007 in co-operation with Finnish Institute of Marine Research (present
SYKE, Marine Research Centre) and University of Turku (UT) (Vuorio et al. 2007a). The
second test was carried out in 2009 (Vuorio et al. 2010) and the third in 2011 (Vuorio et al.
2011). Prior to these proficiency tests, SYKE organised in co-operation with UT three informal
phytoplankton intercomparison tests; two of those were national and one international test, and
based on natural water samples and laboratory strains of cyanobacteria (Vuorio et al. 2007b).

Phytoplankton analyses are routinely done by one analyst. Therefore, Proftest SYKE organizes
phytoplankton proficiency tests at individual analyst level. The participants will receive per-
sonal diploma including evaluation of their success in the proficiency test. The exception is
foreign laboratories which has laboratory level accreditation for their phytoplankton analyses.

2 Organizing the proficiency test

2.1 Responsibilities
Contact person Marko Järvinen1, PhD, coordinator, person in charge

Mirja Leivuori2, ProfTest SYKE contact person
Katarina Björklöf2, Proftest SYKE contact person

Expert panel Marko Järvinen1, PhD, Finnish Environment Institute (SYKE), Freshwater
Centre
Maija Niemelä3, SYKE, Freshwater Centre
Reija Jokipii3, SYKE, Freshwater Centre
Sirpa Lehtinen4, MSc, SYKE, Marine Research Centre
Harri Kuosa4, PhD, SYKE, Marine Research Centre
Kristiina Vuorio3, PhD, SYKE, Freshwater Centre
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Address 1Finnish Environment Institute (SYKE), The Jyväskylä Office, Survontie 9A,
FI-40500 Jyväskylä, Finland

2Finnish Environment Institute (SYKE), Hakuninmaantie 6,
FI-00430 Helsinki, Finland

3Finnish Environment Institute (SYKE), P.O. Box 140, FI-00251 Helsinki,
Finland

4Finnish Environment Institute (SYKE), Marine Research Centre,
Erik Palménin aukio 1, FI-00560 Helsinki, Finland

E-mail: marko.jarvinen@ymparisto.fi
kristiina.vuorio@ymparisto.fi

2.2 Invitation and participants
The target group of the proficiency test was consultants and environmental authorities who ana-
lyse phytoplankton samples from inland waters and/or the Baltic Sea, as well as phytoplankton
analysts working in research institutes and universities.

Invitation to take part in the test was presented on the ProfTest SYKE web page
(http://www.syke.fi/en-US/Services/Proficiency_tests_for_laboratories). In addition, personal
invitations were sent to national and international phytoplankton expert laboratories and Euro-
pean phytoplankton researchers and analysts using the e-mail lists of the Finnish Phytoplank-
ton Society, EU WISER project, HELCOM PEG (Phytoplankton Expert Group), and EU Geo-
graphical Intercalibration Groups.

A total of 39 analysts from 27 organisations and eight countries participated in the phytoplank-
ton proficiency test (Appendix 1, Table 1).

Country No of participants No of
organisations

Estonia 2 2
Finland 16 9
Germany 4 2
Latvia 1 1
Lithuania 1 1
Norway 3 1
Poland 2 2
Sweden 10 9
Total 39 27

3 Timetable

Invitation to participate in the test was announced on September 15, 2014. The registration
deadline was September 26, 2014 using a registration form that could be downloaded from the
web pages of Proftest SYKE. The test material was posted on October 7, 2014. For six partici-
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pants the delivery of test material was delayed until October 20-24, 2014 due to mistake in
registration handling. Participants were requested to return by e-mail the test results by
November 7, 2014. The participants who received their test material later had to return the test
material by November 14, 2014. Preliminary results were posted to participants on December
16, 2014. The participants were asked to give their comments concerning the preliminary
results by January 7, 2015.

4 Test material

The test integrated the three components of phytoplankton analysis: 1) species identification, 2)
phytoplankton counting and 3) measurements of cell dimensions.

The test material included two to three DVD discs with digital images (video clips) for the phy-
toplankton identification and counting tests, and two 6 ml plastic tubes with preserved phyto-
plankton for the measurement test. An Excel spreadsheet template for reporting the test results
was sent by e-mail to the participants. The Excel spreadsheet included detailed guidance for the
test, both in Finnish and English. The phytoplankton identification test material represented
phytoplankton that typically occurs in freshwaters in the Northern Europe (lake phytoplankton
identification) and in the northern Baltic Sea (Baltic Sea phytoplankton identification). Parti-
cipants registered for the Baltic Sea identification, or their contact persons, received the
HELCOM PEG phytoplankton taxa and biovolume file version 2014 by e-mail.

4.1 Phytoplankton identification test
Participants could take part in both the lake phytoplankton and the Baltic Sea phytoplankton
identification tests or alternatively only one of the identification tests. Material for the phyto-
plankton identification tests was filmed using inverted microscopes with total magnifications of
250x, 750x and/or 1000x. The lake phytoplankton identification test consisted of 20 video-clips
filmed from acid Lugol preserved samples using both bright field and phase contrast illumine-
tion.  A total  of  20  taxa  common in  the  Northern  European  freshwaters  were  to  be  identified
(Figures 1a-c). The Baltic Sea phytoplankton identification test consisted of 20 video-clips with
a total of 20 identifiable taxa filmed from acid Lugol preserved samples using both bright field
and phase contrast illumination (Figures 2a-c). The requested level of identification (species,
genus, complex) was indicated in the Excel spreadsheet template. For the Baltic Sea identifica-
tion test, it was requested that participants should use the taxon names of the HELCOM PEG
phytoplankton taxa and biovolume file version 2014.
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Figure 1a. Lake phytoplankton identification test comprised 20 video clips with a total of 20 taxa.
Accepted identifications are given in Table 2. Resolution of the video-clips was higher than presented in
the example snapshots for the taxa 1-8.
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Figure 1b. Lake phytoplankton identification test comprised 20 video clips with a total of 20 taxa.
Accepted identifications are given in Table 2. Resolution of the video-clips was higher than presented in
the example snapshots for the taxa 9-16.
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Figure 1c. Lake phytoplankton identification test comprised 20 video clips with a total of 20 taxa.
Accepted identifications are given in Table 2. Resolution of the video-clips was higher than presented in
the example snapshots for the taxa 17-20.
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Figure 2a. Baltic Sea phytoplankton identification test comprised 20 video clips with of total of 20 taxa.
Accepted identifications are given in Table 4. Resolution of the video-clips was higher than presented in
the example snapshots for the taxa1-8.
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Figure 2b. Baltic Sea phytoplankton identification test comprised 20 video clips with a total of 20 taxa.
Accepted identifications are given in Table 4. Resolution of the video-clips was higher than presented in
the example snapshots for the taxa 9-16.
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Figure 2c. Baltic Sea phytoplankton identification test comprised 20 video clips with a total of 20 taxa.
Accepted identifications are given in Table 4. Resolution of the video-clips was higher than presented in
the example snapshots for the taxa 17-20.

4.2 Phytoplankton counting test
For the phytoplankton counting test 30 video-clips, representing 30 fields of view in a micros-
cope, were filmed from a composite sample that was a mixture of natural lake phytoplankton
and laboratory cultures. The three test taxa consisted of the filamentous cyanobacterium
Aphanizomenon sp., and the laboratory cultured chlorophytes Acutodesmus (Scenedesmus)
obliquus (Turpin) Hegewald & Hanagata (occurring as single cells and 2- to 4-celled coenobia),
and Chlamydomonas sp. (Figure 3). Prior to filming the composite sample was preserved with
acid Lugol's solution and settled in Utermöhl settling chambers. Filming was performed using
an inverted microscope with phase contrast illumination and a total magnification of 1000x.
The filmed material also contained other freshwater taxa originating from the lake material.
The cells were advised to be counted according to EN 15204 (2006) from the counting grid that
was indicated in the video-clips by white lines (Figure 3).
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Figure 3. Example snapshots taken from the video clips filmed for the phytoplankton counting test and
including the filamentous cyanobacterium Aphanizomenon sp. (A), and the chlorophytes
Chlamydomonas sp.  (B)  and Acutodesmus obliquus (C). The counting grid is indicated in the video-
clips by white lines and the scale bar for counting of Aphanizomenon filaments on the low right corner.

Figure  4.  Recommendation  of  the  rules  for  counting  filaments  (on  the  left)  and  single  cells  (on  the
right). In the example, only those parts of the filaments that are inside the counting grid are recommen-
ded to be counted (see also Olenina et al. 2006). The rule for counting cells on the edges of the counting
grid as presented in the EN 15204 standard (2006) was referred to in the SYKE 8/2011 test guidance
(see also Olenina et al. 2006). In the example, the objects crossing the bottom and right hand side of the
grid are counted whilst those crossing both the top and left hand side of the grid are not counted. A key
for the figure: Y = counted, N = not counted.

Participants were advised to perform the counting according to the guidelines presented in
EN 15204 standard (2006) (Figure 4) and report the results using the Excel spreadsheet templa-
te. The counting unit for the filamentous cyanobacterium Aphanizomenon was indicated by a
“scale” bar on every video clip below the picture on the right hand side (see Figure 3). For the
chlorophytes Acutodesmus and Chlamydomonas the counting unit was a cell. Any other inst-
ructtions were not given, as this part of the test also evaluated enumeration of taxa occurring in
different forms (coenobia and single cells). Participants were also asked to describe the details
of the counting method used. For the reference material of the counting test, the members of the
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expert panel counted the requested taxa according to the EN 15204 standard (2006) and using
all possible acceptable combinations (see Table 6).

4.3 Measurement test
In the measurement test the dimensions of selected taxa were asked to be measured. For the
test, a filamentous cyanobacterium (Planktothrix agardhii (Gomont) Anagnostidis & Komárek)
(Figure 5) from a freshwater bloom, as well as, a single-celled marine cryptophyte
(Rhinomonas nottbecki Rintala, Majaneva, Remonen & Blomster) (Figure 6) and a single-
celled marine dinoflagellate (Scrippsiella hangoei (Schiller) Larsen) (Figure 7), both last-
mentioned from laboratory cultures, were pooled to a composite sample and preserved with
acid Lugol's solution. Two replicate subsamples containing ca. 6 ml of the sample were delive-
red to each participant. In addition to the taxa to be measured, the sample also included other
algal species.

For the filamentous cyanobacterium the cell diameter of the growing cell located in the middle
of the filament was advised to be measured. A total of 20 cells were advised to be measured
from different filaments, i.e. only one measurement per filament should be performed. For the
cryptophyte and the dinoflagellate, both the cell length and the width (diameter) of individual
cells were advised to be measured. Results were reported using the Excel spreadsheet according
to the guidance.

Figure 5. Cell diameter of the growing cell of the filamentous cyanobacterium Planktothrix agardhii,
located in the middle of the filament, was advised to be measured in the measurement test.
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Figure 6. Cell length and width (diameter) of the individual cells of the cryptophyte Rhinomonas
nottbecki were advised to be measured in the measurement test.

Figure 7. Cell height and cell width (diameter) of the single-celled dinoflagellate Scrippsiella hangoei
were advised to be measured in the measurement test.

5 Statistical analyses

Statistical  analyses  of  results  of  the  counting  and  measurement  components  of  the  test  were
carried out according to ISO 13528 (2005). Observations inconsistent with other observations,
i.e. observations that were outside the 90% confidence limit, were interpreted as outliers.
Thereafter, outliers were discarded on a case-by-case basis applying Hampel´s test. The robust
mean values were used as assigned reference values and were evaluated applying robust
statistics based on the assumption that the data are a sample from an essentially normal distri-
bution contaminated with heavy tails and a small proportion of outliers. Therefore, normality of
the results was not tested.

Uncertainty  (u)  of  the  assigned  reference  values  was  evaluated  as  follows:  u  =  1.25*srob/√n,
where srob = robust standard deviation and n = number of results. The standard deviation (sp) for
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the proficiency assessment was set at 10%. Criterion for the reliability of the assigned reference
values was u/sp ≤ 0.3. This criterion was fulfilled in all statistical analysis of the test material.
The criterion, srob < 1.2*sp, was also fulfilled indicating that the z scores were reliable. Evalua-
tion  of  performance  for  a  single  result  was  based  on  the  calculation  of  z-scores  which  are
deviation of the individual test results from the assigned reference values (robust mean values)
compared to the target deviation (starget) of 10% for the counting test and the measurement test.

For the proficiency assessment the z-scores were considered as follows: the result was
considered satisfactory if │z│ < 2, questionable if 2 ≤ │z│≤ 3 and unsatisfactory if │z│ > 3

6 Results

6.1 Phytoplankton identification test
The identification results were scored 3, 2, 1 or 0 depending on the correctness of the answer
(Tables 3a-b and 5a-b). Correct identification at requested identification level (species, genus,
complex) gave the highest  score (3 points).  For the Baltic Sea identification test,  it  was requ-
ested that participants should use the taxon names of the HELCOM PEG phytoplankton taxa
and biovolume file version 2014, and thus using other synonym names reduced the score by 0.5
points  in  the  Baltic  Sea  identification  test.  In  the  lake  identification  test,  all  synonyms  were
accepted as equal answers. Correct identification at lower level (e.g. genus level when the spe-
cies level identification was requested) was awarded with 2 points. Identification with correct
genus name, but with a wrong species name awarded 1.5 points. When the suggested taxon was
closely related and also resembled the test taxon, 1 or 2 points were awarded depending on the
estimated degree of difficulty in identification or how close relatives the respective taxa were.
Misspelling reduced the score by 0.5 points. The quality target for both the lake and the Baltic
Sea phytoplankton identification test was set at 75% of the maximum scores.

6.1.1 Lake phytoplankton identification test

Altogether 26 analysts took part the lake phytoplankton identification test. The requested taxa
represented typical species in northern European freshwaters. The test taxa largely represented
indicator species of either oligotrophic or eutrophic waters. The correctness of the identification
of each taxon was verified by the expert panel. The awarded scores are presented in Tables 3a-
c. All participants received the maximum scores in identifying four of the taxa, the species
Gyrodinium helveticum, Gonyostomum semen, Tabellaria flocculosa var. geniculata and  the
genus Botryococcus (Figure 8). The diatom Skeletonema potamos (C.I. Weber) Hasle in Hasle
& Evensen turned out to be the most difficult taxon to identify in lake part of the test, and only
four of the participants identified the species correctly.

The good quality target of 75% of the maximum scores corresponded 45 points of the maxi-
mum of 60 points. Altogether 21 participants reached the good quality target (Figure 9) and
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five participants failed to reach it. None of the participants received the maximum score of 60.
The highest total score was 58.5.

Figure 8. Cumulative points for each taxon in the lake phytoplankton identification test. Maximum
score of 78 represents correct identification by all participants.

Figure 9. Results of lake phytoplankton identification test. Satisfactory quality target was set to 45
points (≥75%) of the maximum of 60 points. Note: the Y-axis does not start at zero.
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Table 2. Suggested correct identifications including the accepted synonyms in the lake phyto-
plankton identification test.

Video no Accepted identification Identification
level

1 Mallomonas allorgei (M. Deflandre) W. Conrad 1942
  [Pseudomallomonas allorgei M. Delflandre 1932]

Species

2 Microcystis botrys Teiling 1942 Species
3 Aphanizomenon yezoense Watanabe 1991 Species
4 Chrysochromulina Lackey 1939 Genus
5 Gyrodinium helveticum (Penard) Y.Takano & T. Horiguchi 2004

  [Gymnodinium helveticum Penard 1891
Species

6 Limnothrix redekei (Goor) Meffert 1988
  [Oscillatoria redeckei Goor 1918]

Species

7 Dolichospermum macrosporum (Klebahn) Wacklin, Hoffman & Komárek 2009
 [Anabaena macrospora Klebahn 1895]

Species

8 Desmodesmus maximus (West & G.S. West) E.H. Hegewald 2000
  [Scenedesmus quadricauda var. maximus West & G.S. West 1875]
  [Scenedesmus maximus (West & G.S. West) Chodat 1913]

Species

9 Skeletonema potamos (C.I. Weber) Hasle in Hasle & Evensen 1976
[Microsiphona potamos C.I. Weber 1970

Species

10 Gonyostomum semen (Ehrenberg) Diesing 1866
  [Monas semen Ehrenberg 1853]
  [Raphidomonas semen (Ehrenberg) F. Stein 1878]

Species

11 Dinobryon cylindricum O.F. Imhof 1890 Species
12 Gloeotrichia echinulata Smith 1804 Species
13 Pseudokephyrion Pascher 1913 Genus
14 Tabellaria flocculosa var. geniculata (A. Cleve) B.M. Knudson

  [Tabellaria fenestrata var. geniculata A. Cleve 1899]
Species

15 Aulacoseira subarctica (O.F. Müller) E.Y. Haworth 1990
[Melosira italica subsp. subarctica O.F. Müller 1906r]

Species

16 Staurastrum chaetoceras (Schröder) G.M. Smith 1924
  [Staurastrum polymorphum var. chaetoceros Schröder 1989]

Species

17 Teilingia granulata (J. Roy & Bisset) Bourrelly 1964
  [Sphaerozosma granulatum J. Roy & Bisset 1886]

Species

18 Crucigenia tetrapedia (Kirchner) Kuntze 1898
  [Staurogenia tetrapedia Kirchner 1880]

Species

19 Botryococcus Kützing 1849 Genus
20 Nitzschia actinastroides (Lemmermann) van Goor 1925

  [Synedra actinastroides Lemmarmann]
Species
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Table 3a. Identification results by the participants for each taxon (video-clips 1-8) and the cor-
responding awarded scores in the lake phytoplankton identification test. No = number of ans-
wers.

Video no Taxon No Points
1 Mallomonas allorgei

Mallomonas lychenensis
Phacotus angustus
Trachelomonas abrupta

18
3
3
2

3
3
0
0

2 Microcystis aeruginosa
Microcystis bothrys
Microcystis botrys
Microcystis novacekii
Microcystis viridis
Woronichinia naegeliana

2
1
20
1
1
1

1.5
2.5
3

1.5
1.5
0

3 Aphanizomenon flos-aquae
Aphanizomenon klebahnii
Aphanizomenon yetzoense
Aphanizomenon yezoense
Aphanizomenon flosaquae var. klebahnii

7
4
1
13
1

1.5
1.5
2
3

1.5
4 Chrysochromulina

Chrysochromulina parva
Chrysochromulina sp
Chrysochromulina sp.
Chrysochromulina spp.
Chrysolycos
flagellate

15
1
1
5
1
2
1

3
1.5
3
3
3
0
0

5 Gymnodinium helveticum
Gymnodium helveticum
Gyrodinium helveticum

19
1
6

3
2.5
3

6 Limnothrix planctonica
Limnothrix redekei
Oscillatoria planctonica
Planctolyngbya limnetica
Planktolyngbya limnetica
Pseudanabaena limnetica
Pseudanabaena redekei
Pseudanabaena limnetica
Pseudananabaena limnetica
Pseudoanabaena limnetica

5
2
1
1
3
9
1
1
2
1

3
3
3
0
0

0.5
3
1

0.5
0.5

7 (Dolichospermum sp) Anabaena solitaria f planctonica
Anabaena macrospora
Anabaena solitaria
Dolichospermum macrospora
Dolichospermum macrosporum
Dolichospermum planctonicum
Dolichospermum solitarium

1
7
1
1
11
3
2

1.5
3
3
2
3

1.5
1.5

8 Desmodesmus armatus
Desmodesmus maximus
Desmodesmus opoliensis
Desmodesmus communis
Scenedesmus armatus
Scenedesmus opoliensis
Scenedesmus quadricauda

4
5
9
1
2
1
4

1.5
3

1.5
1.5
1.5
1.5
1.5
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Table 3b. Identification results by the participants for each taxon (video-clips 9-16) and the cor-
responding awarded scores in the lake phytoplankton identification test. No = number of ans-
wers.

Video no Taxon No Points
9 Binuclearia lauterbornii

Gleotila subconstricta
Gloeotila
Gloeotila fennica
Gloeotila sp.
Gloeotila subconstricta
Klebsormidium subtile
Planctonema lauterbornii
Skeletonema potamos
Stichococcus subtilis

1
1
1
2
1
3
1
9
4
3

0
0
0
0
0
0
0
0
3
0

10 Gonyostomum semen 26 3
11 Dinobryon cylindricum

Dinobryon cylindricum var cylindricum
Dinobryon divergens

23
2
1

3
3

1.5
12 Gleotrichia echinulata

Gloeothrichia echinulata
Gloeotricha echinulata
Gloeotrichia
Gloeotrichia echinulata
Gloeotrichia natans

1
1
1
1

17
5

2
2
2

1.5
3

1.5
13 Chrysococcus

Kephyrion
Kephyrion sp
Kephyrion sp.
Pseudokephyrion
Pseudokephyrion entzii
Pseudokephyrion sp.
Pseudokephyrion spp.
Pseudokephyrion tatricum

2
8
1
3
8
1
1
1
1

0
3
3
3
3
3
3
3
3

14 Tabellaria fenestrata var geniculata
Tabellaria fenestrata var. geniculata
Tabellaria flocculosa
Tabellaria flocculosa (v. geniculata)
Tabellaria flocculosa var geniculata
Tabellaria flocculosa var. geniculata

1
7
3
1
2

12

3
3
3
3
3
3

15 Aulacoseira ambigua
Aulacoseira granulata
Aulacoseira italica
Aulacoseira subarctica
Aulacoseira subsolitariaa

3
1

11
10
1

1.5
1.5
3
3

1,5
16 Staurastrum anatinum

Staurastrum cf chaetoceras
Staurastrum chaetoceras
Staurastrum longipes

1
1

23
1

2.5
3
3

1.5
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Table 3c. Identification results by the participants for each taxon (video-clips 17-20) and the
corresponding awarded scores in the lake phytoplankton identification test. No = number of
answers.

Video no Taxon No Points
17 Spondylosium planum

Sponylosium planum
Teilingia granulata
Teilingia grannulata

3
1

21
1

1
0.5
3
2

18 Crucigenia tetrapedia
Pediastrum privum
Stauridium privum

19
4
3

3
1
1

19 Botryococcus
Botryococcus braunii
Botryococcus sp
Botryococcus sp.
Botryococcus spp.

18
1
2
4
1

3
3
3
3
3

20 Belonastrum berolinensis
Fragilaria beroliensis
Fragilaria berolinensis
Nitzschia actinastroides
Nitzschia fruticosa
Nitzschia intermedia (f. actinastroides)
Nitzschia paleacea
Staurosira beroliensis
Staurosira berolinensis
Synedra actinastroides
Synedra beroliensis
Synedra berolinensis

2
1
1
7
1
1
1
1
3
4
1
3

1
1
1
3
3
3
3
1
1
3
1
1

6.1.2 Baltic Sea phytoplankton identification test
Altogether 25 analysts took part the Baltic Sea identification test. The requested taxa repre-
sented species that occur commonly in the northern Baltic Sea monitoring samples. The cor-
rectness of the identification of each taxon was verified by the expert panel (Table 4). Awarded
scores are presented in Tables 5a-b.

Four  of  the  given  taxa  (Monoraphicium contortum (Thuret in Brébisson) Komárková-
Legnerová, Dinobryon faculiferum (Willén) Willén, Nodularia spumigena Mertens ex Bornet
& Flahault and Heterocapsa triquetra (Ehrenberg) Stein were identified correctly by all partici-
pants (Figure 10). The diatom Actinocyclus octonarius Ehrenberg appeared most difficult to be
correctly identified. Three of the participants received the maximum score of 60 and four of the
participants failed to reach the good quality target (Figure 11).
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Figure 10. Cumulative points for each taxon in the Baltic Sea phytoplankton identification test. Maxi-
mum score of 75 represents a correct identification by all participants.

Figure 11. Results of the Baltic Sea phytoplankton identification test. Satisfactory quality target was set
to 45 points (≥75%) of the maximum of 60 points. Note: the Y-axis does not start at zero.
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Table 4. Suggested correct identifications for the Baltic Sea phytoplankton identification test. It
was requested that participants should use the taxon names of the HELCOM PEG phytoplank-
ton taxa and biovolume file version 2014, which was sent to the participant by e-mail.

Video no Accepted identification Identification
level

1 Diatoma tenuis C. Agardh 1812 Species
2 Monoraphidium contortum (Thuret in Brébisson) Komárková-Legnerová 1969 Species
3 Achnanthes taeniata Grunow 1880 Species
4 Dinophysis norvegica Claperède & Lachmann 1859 Species
5 Mesodinium rubrum (Lohmann) Hamburger & Buddenbrock 1911 Species
6 Skeletonema marinoi Sarno & Zingone 2005 Species
7 Aphanizomenon floa-aquae (Linné) Ralfs ex Bornet & Flahault 1886 Species
8 Snowella sp. Elenkin 1938 Genus
9 Dinobryon faculiferum (Willén) Willén 1992 Species
10 Planktothrix agardhii (Gomont) Anagnostidis & Komárek 1988 Species
11 Nodularia spumigena Mertens ex Bornet & Flahault 1886 Species
12 Pseudopedinella tricostata (Rouchijajnen) Thomsen 1988 Species
13 Heterocapsa triquetra (Ehrenberg) Stein 1883 Species
14 Protoperidinium brevipes (Paulsen) Balech 1974 Species
15 Chrysochromulina sp. Lackey 1939 Genus
16 Amylax triacantha (E. Jørgensen) Sournia 1984 Species
17 Lemmermanniella parva Hindák 1985 Species
18 Chaetoceros ceratosporus Ostenfeld 1910 Species
19 Actinocyclus octonarius Ehrenberg 1838 Species
20 Oblea rotunda complex Complex
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Table 5a. Identification results by the participants for each taxon (video-clips 1-14) and the
corresponding scores in the Baltic Sea phytoplankton identification test.

Video no Taxon No of answers Points
1 Asterionella formosa

Diatoma elongatum
Diatoma tenuis

1
2

22

0
2
3

2 Monoraphidium contortum 24 3
3 Achnantes taeniata

Achnanthes taeniata
Pauliella taeniata.

3
21
1

2.5
3
2

4 Dinophycis acuta
Dinophysis acuminata
Dinophysis acuta
Dinophysis norvegica
Dinophysis norwegica

1
3
3

17
1

1.5
1.5
1.5
3

2.5
5 Mesodinium rubrum

-
24
1

3
0

6 Skeletonema costatum
Skeletonema marinoi

5
20

2
3

7 Aphanizomenon flos-aquae
Aphanizomenon flos-aque
Aphanizomenon klebahnii
Aphanizomenon sp
Aphanizonmenon sp.

21
1
1
1
1

3
2.5
1.5
1.5
1.5

8 Snowella
Snowella cf lacustris
Snowella lacustris
Snowella sp
Snowella sp.
Woronichinia
Woronichinia compacta
Woronichinia sp.
Woronichinia spp.

7
1
1
1
2
8
1
3
1

3
3

1.5
3
3
1
1
1
1

9 Dinobryon faculiferum 25 3
10 Planktothrix agardhii

Planktothrix aghardii
Planktothrix mougeotii
Planktotrix acardhii
Pseudoanabena limnetica

21
1
1
1
1

3
2.5
1.5
2.5
0

11 Nodularia spumigena 25 3
12 Apedinella radians

Helicopedinella tricostata
Pedinella tricostata
Pseudopedinella pyriformis
Pseudopedinella tricostata
Pseudopedinella tricostatata

1
1
2
1
19
1

0
0
2

1.5
3

2.5
13 Heterocapsa triquetra 25 3
14 Gonyaulax spinifera

Protoperidinium brevipes
2
23

0
3
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Table 5b: Identification results by the participants for each taxon (video-clips 15-20) and the
corresponding scores in the Baltic Sea phytoplankton identification test.

Video no Taxon No of answers Points
15 Chrysochromulina

Chrysochromulina cf polylepis
Chrysochromulina sp
Chrysochromulina sp.
Chrysochromulina spp.
Prymnesium

14
1
2
5
1
2

3
3
3
3
3
0

16 Amylax triacantha
Amylax tricantha
Gonyaulax verior
Protoperidinium bipes
Protoperidinium granii

20
1
1
1
2

3
2.5
0
0
0

17 Aphanocapsa delicatissima
Aphanocapsa elachista
Aphanocapsa planctonica
Aphanocapsa reinboldii
Coelosphaerium subarcticum
Lemmermaniella parva
Lemmermanniella pallida
Lemmermanniella parva
Pannus spumosus

1
2
1
1
1
1
2
15
1

0
0
0
0
0

2.5
1.5
3
0

18 Caetoceros ceratosporus var. ceratosporus
Chaetoceros ceratosporus
Chaetoceros ceratosporus var ceratosporus
Chaetoceros ceratosporus var. ceratosporus
Chaetoceros gracilis
Chaetoceros holsaticus
Chaetoceros lorenzianus
Chaetoceros muelleri
Chaetoceros similis

1
8
1
7
2
2
1
2
1

2.5
3
3
3

1.5
1.5
1.5
1.5
1.5

19 Actinocyclus curvatulus
Actinocyclus octonarius
Actinocyclus octonarius var octonarius
Actinocyclus octonarius var. octonarius
Coscinodiscus centralis
Coscinodiscus grani
Coscinodiscus granii
Coscinodiscus radiatus
Thalassiosira (hyperborea)
Thalassiosira baltica

1
5
1
3
1
1
9
1
1
2

1.5
3
3
3
0
0
0
0
0
0

20 Chrysophycean cyst
Diplopsalis
Emosolu
Oblea rotunda
Oblea rotunda (CPX)
Oblea rotunda comp
Oblea rotunda complex
Oblea rotunda -complex
Oblea rotunda complex
Oblea rotunda CPX
Oblea rotundata
Oblea-rotunda-complex
Ooblea rotunda complex
Preperidinium meunieri
-

1
1
2
8
1
1
1
1
1
2
2
1
1
1
1

0
0
0
3
3
3
3
3
3
3

2.5
2.5
2.5
0
0
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6.2 Phytoplankton counting tests

All 39 participants took part the counting test. Most participants carried out the counting test
according to EN 15204 (2006) as requested in the test guidance. Most of the participants
followed the standard. The standard says that “cells of colonies and filaments are counted as if
they are individual cells, counting only cells within the counting field/transect lines”. It means
that the parts of the filaments inside the counting area should be counted (see Figure 3 and
Table 6). Three of the participants did not report the method they used.

In all, 30 participants performed the counting of all three taxa satisfactorily (│z score│ < 2).
Nine participants failed to perform satisfactorily the counting of the filaments of the cyanobac-
terium Aphanizomenon sp. and one participant failed to perform satisfactorily the cell counts of
the single-celled chlorophyte Chlamydomonas sp.  (│z score│ > 3; Figures 12-14). However,
later the participant (#23) was able to reliably demonstrate that the cell counts of
Chlamydomonas were correct, but originally wrong results were sent to the test organiser.
Thus, all participants performed this part of the test satisfactory, because the failure in counting
of two taxa would have meant unsatisfactory success.

Table 6. Reference values calculated from the test material of the phytoplankton counting test.
Robust mean value, from which the outliers were removed, was used as an assigned reference
value (in bold). For the statistical treatment the different methods for counting the edges of the
counting grid were not standardised to correspond the lower and right edge counting method,
because the differences were very small.

Assigned reference value Aphanizomenon Acutodesmus Chlamydomonas sp.
Median (all results, n=39) 201 323 100
Mean (all results, n=39) 183 326 101
Robust mean (no of outliers) 202 (9) 327 (0) 100 (1)
Expert value
  Lower + right edges
  Upper + right edges
  Lower + left edges
  Upper + left edges

210
210
209
209

328
328
330
330

101
  99
  99
  97



Proftest SYKE 10/14 27

Figure 12. Results of the counting test by participants for the filamentous cyanobacterium
Aphanizomenon sp. │z score│ < 2 = satisfactory (area between inner dashed lines), 2 ≤ │z score│ ≤ 3 =
questionable, and │z score│ > 3 = unsatisfactory.

Figure 13. Results of the counting test by participants for the coenobial chlorophyte Acutodesmus
obliquus. │z  score│ <  2  =  satisfactory  (area  between  inner  dashed  lines),  2  ≤ │z  score│ ≤ 3  =
questionable, and │z score│ > 3 = unsatisfactory.
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Figure 14. Results of the participants of the counting test for the chlorophyte Chlamydomonas sp. from
30 video clips. │z score│ < 2 = satisfactory (area between inner dashed lines), 2 ≤ │z score│ ≤ 3 =
questionable and │z score│ > 3 = unsatisfactory. Participant #23 showed reliably after the commen-ting
period of January 2015 that the cell counts of Chlamydomonas were correct, but wrong results were
originally sent to the test organiser.

6.3 Measurement tests

Altogether 38 participants measured the requested cell dimensions and due to force major, one
participant did not take part the measurement test. Most participants used a calibrated ocular
scale in their measurements. Eight participants performed the measurements using an image
analyser programme. Altogether 18 participants used phase contrast illumination, ten partici-
pants used bright field illumination, and four participants used differential interference contrast
(DIC). Total magnifications used for the measurements ranged from 100x to 787.5x. The ocular
scales ranged from 1.0 µm to 5.0 µm.

In all, 35 participants performed all measurements satisfactorily. Three of the participants failed
to perform satisfactorily this part of the test (Table 7, Figures 15-17). Unsatisfactory or questi-
onable measurements were given by three participants in the measurement of the filament
width (diameter) of the cyanobacterium Planktothrix agardhii. Three of the participants had
also unsatisfactorily or questionable results for the cell length and width (diameter) measure-
ments of the cryptomonad Rhinomonas nottbecki and the dinoflagellate Scrippsiella hangoei,
respectively. At least a minimum of three satisfactory measurements and one questionable
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measurement out of the requested five measurements gave a satisfactory performance in the
measurement test.

Table 7. Reference values and the count results of the expert panel for the measurement test.
The robust mean where outliers were removed was used as an assigned reference value (in
bold). Abbreviations: Plankt = Planktothrix agardhii,  Rhino  = Rhinomonas nottbecki and
Scripps = Scrippsiella hangoei, d = diameter and l = length.

Reference value Plankt
filament d

Rhino
cell l

Rhino
cell d

Scripps
cell l

Scripps
cell d

Median (all results) 4.1 11.4 5.5 25.5 22.5
Mean (all results) 4.6 11.6 5.6 25.9 22.5
Robust mean (no of outliers) 4.0 (1) 11.4 (2) 5.5 (1) 25.4 (1) 22.3 (1)

Figure 15. Box plot presentation (including median value, box boundaries = 25th and 75th percentile,
error bars = minimum and maximum values) of the measurement results for the diameter of the cyano-
bacterium Planktothrix agardhii (n=38). │z score│ < 2 = satisfactory (area between inner dashed lines),
2 ≤ │z score│ ≤ 3 = questionable and │z score│ > 3 = unsatisfactory. For the box plot presentation, the
results of the participant #37 are divided by 4.
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Figure 16. Box plot presentation (including median value, box boundaries = 25th and 75th percentile,
error bars = minimum and maximum values) of the measurement results for the cell dimensions of the
cryptomonad Rhinomonas nottbecki (n=38).  │z score│ < 2 = satisfactory (area between inner  dashed
lines), 2 ≤ │z score│ ≤ 3 = questionable and │z score│ > 3 = unsatisfactory.
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Figure 17. Box plot presentation (including median value, box boundaries = 25th and 75th percentile,
error bars = minimum and maximum) of the measurement results of the cell dimensions of the
dinoflagellate Scrippsiella hangoei (n=38).  │z  score│ <  2  =  satisfactory  (area  between  inner  dashed
lines), 2 ≤ │z score│ ≤ 3 = questionable and │z score│ > 3 = unsatisfactory.
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In addition to measurements, participants were also asked to give the preferred shapes and
equations for the biovolume determinations (Table 8). This part of the test was not evaluated,
nor included in the diploma of ProfTest Syke 10/2014. This information was gathered just to
get an overview of the equations preferred by participants, in particular because during the pro-
ficiency test, an accepted EU standard for the phytoplankton biovolume estimation was not yet
available.

All participants suggested cylinder for the geometric shape and equations for the filamentous
cyanobacterium Planktothrix agardhii. For the cryptophyte Rhinomonas nottbecki, two geo-
metric shapes and equations were suggested, i.e. rotational ellipsoid and cone + half sphere. For
the dinoflagellate Scrippsiella hangoei several different geometric shapes and equations were
suggested (Table 8).

In the HELCOM PEG taxa and biovolume file, the suggested geometrical shape for
Planktothrix agardhii is cylinder (V = π/4*d^2*h); for cryptophytes such as Rhinomonas
nottbecki the suggested geometrical shapes are flattened ellipsoid (V = π/6*l*d1*d2) and cone
+ half sphere (V = π/12*d^2*(h+d/2); and for the marine dinoflagellate Scrippsiella hangoei
the suggested geometrical shapes are sphere (V= π*d3/6) and rotational ellipsoid (V = π/6*d2*l)
(see also Olenina et al. 2006). The most recently updated version of the HELCOM PEG taxa
and biovolume file is available from the HELCOM PEG internet pages
(http://www.helcom.fi/helcom-at-work/projects/phytoplankton/), HELCOM (2015).

Table 8. Suggested geometric shapes and their equations for each taxon in the measurement
component of the test. Abbreviations: V = volume, d = diameter, b = breadth, w = width, l =
length.

Taxon Geometric shape Equation n
Planktothrix agardhii Circle based cylinder V = π/4*d2*h 38
Rhinomonas nottbecki Flattened ellipsoid

Rotational ellipsoid
Cone + half sphere
Ellipsoid

V = π/6*l*d1*d2

V = π/6*l*d2

V = π/12*d2*(h+d/2)
V= π /6*0,65*l*b²

18
11
  6
  3

Scrippsiella hangoei Rotational ellipsoid
Flattened ellipsoid
Cone + half sphere Ellipsoid
Sphere
Sphere – 20%
Sphere – 10%

V = π/6*l*d2

V = π/6*l*d1*d2

V = π/12*d2*(h+d/2)
V = π/6*d3

V = π /6*0,82*l*b2

V = π/6*d3*0.8
V = π/6*d3*0.9

16
  7
  6
  4
  3
  1
  1
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7 Evaluation of performance and discussion

Phytoplankton  is  used  for  the  assessment  of  ecological  status  of  lakes  and  the  Baltic  Sea.
Therefore, phytoplankton analyses require effective quality control procedures to assure the
validity of phytoplankton results. A widely accepted way to monitor validity is to take part in
proficiency testing schemes. The primary aim of the SYKE 10/2014 phytoplankton proficiency
test was to help individual laboratories and institutes and their analysts to evaluate the relia-
bility and comparability of their analyses and, if necessary, take remedial measures to improve
the quality of their results. In the phytoplankton analysis the expertise of the analyst has a ma-
jor importance. Therefore the test was carried out at an individual level, and the diploma also
includes the name of the analyst who participated in the test.

Phytoplankton proficiency tests with natural samples typically include several sources of
variation. The first source of variation may arise from the inhomogeneous material delivered to
participants. Secondly, additional variation in test material may arise from the sample prepara-
tion, e.g. from an inadequate homogenization of samples and uneven settling. Virtual testing is
an excellent method to minimise this and to produce as identical and homogenous material as
possible, especially for the identification and counting tests.

In the lake phytoplankton identification test altogether 81% of the participants reached the
quality target of 75%. The corresponding percentage in the Baltic Sea phytoplankton identify-
cation  test  also  was  81%.  Many  of  the  participants  relied  on  the  nomenclature  given  in  the
internet databases such as AlgaeBase.org, even though phytoplankton analysts should keep in
mind that all information given in the internet databases may not be quality checked or valid.
However, if a participant had used the nomenclature according to the internet databases, the
taxon name was accepted in the freshwater identification test. Therefore, Pseudanabaena
redekei (mentioned as valid taxon name in AlgaeBase.org at the time of the proficiency test)
was accepted as a correct identification for Limnothrix redekei.

The taxon that proved to be the most difficult to identify in the lake phytoplankton test was
Skeletonema potamos. The genus is most often occurring in marine environments. However,
the species S. potamos can be found in nutrient rich lakes (Turkia & Lepistö 1997). In the
Baltic Sea phytoplankton identification test, Actinocyclus octonarius proved to be the most
difficult species to identify even though the video clip showed the typical fine pores which
become smaller and closer together at the rim of the cell and the reddish halo around the cell.
Compared to another diatom species Coscinodiscus granii, the video clip showed that there was
no “rosette” of larger pores in the middle of the cell, and when focusing the cell it appeared to
be monotonous rather than wedge-shaped.

The success in the counting test was excellent and all participants performed it satisfactorily.
Detailed guidance on how to perform the counting test was not given by purpose. Instead parti-
cipants were advised to follow EN 15204 (2006) standard. This allowed the screening of the
number of participants who followed the standard counting rules. The standard allows two dif-
ferent  methods  for  counting  the  filamentous  taxa.  However,  one  of  them was  not  possible  to
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perform  in  the  current  test.  In  the  test,  the  only  possible  rule  that  could  be  followed  was  to
count the parts of filaments inside the counting grid. Despite this, nine participants tried to fol-
low the other rule in their counting of the filamentous cyanobacterium Aphanizomenon sp,
which lead to questionable or unsatisfactory performance in counting of this taxon.

Altogether 92% of the participants performed the measurement test successfully. Errors in the
measurements may arise e.g. from an incorrect calibration of the ocular scale or the image ana-
lyser scale. Small cell size may also make the measurements difficult, especially if the ocular
scale is not accurate enough for fine scale measurements, or the measurements are performed
with low magnification. In the current test, one participant performed the filament diameter
measurements of Planktothrix agardhii with a magnification of 100x and ocular scale of 5 µm,
which lead to unsatisfactory test result.

The choice of cell shape and equation was asked because, in addition to measurements, the
differences in biovolume estimations may arise from the choice of the geometric shape. The
high number of equations reported by participants emphasise again the urgent need for a com-
monly accepted European standard for biovolume determinations.

The overall success in the phytoplankton proficiency test demonstrated excellent phytoplankton
identification skills by most participants. Majority of the participants also performed phyto-
plankton counts and measurements satisfactorily. Individual analysts benefit from participating
in external quality assurance to maintain the quality and to further improve and harmonise the
reliability of the phytoplankton analysis results.

The percentage (81%) of participants who reached the satisfactory quality target in the ProfTest
10/2014 lake phytoplankton identification test was similar to that of earlier SYKE proficiency
tests (78-80%; Vuorio et al. 2007a, 2010, 2012). For the Baltic Sea phytoplankton iden-
tifycation test the percentage of participants with a satisfactory performance was this time
higher (80%) than in SYKE 7/2009 and 10/2012 tests (67%), but lower than in SYKE 11/2006
test (90%). The performance in the counting and measurement tests was excellent (100% and
92%, respectively), although this time the counting of the filamentous cyanobacterium
Aphanizomenon sp. proved difficult for some of the participants because of alternative methods
in the standard.

8 Comments sent by the participants

This chapter extracts the key comments given by the participants of the test. All comments
were discussed by the expert panel, and suggestions for improvements are taken into account
when organizing forthcoming proficiency tests.

One participant commented that the video-clips of the counting part were too long a time un-
focused. Some participants remarked that small species were difficult to identify appreciating
the quality/resolution of the video clips. The small size was taken into account in the level into
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which the small species were asked to be identified in the test. Also, species level identification
did not reduce the awarded points when the genus level identification was advised in identi-
fying the lake taxon no 13. The chrysophyte species in question is small-sized and the number
of flagella was difficult to see. Therefore both genera Kephyrion and Pseudokephyrion awarded
3 points, as well as the species level identifications P. tatricum and P. entzii. However, incur-
rect species level identification of the Baltic Sea taxa no 8, Snowella (requested level of identi-
fication was genus), reduced points since the taxon was identified as S. septentrionalis by the
expert panel (one large aerotope, typical for the cells of this species was well visible in the
video clip).

Lake taxon no 6 was rather often identified as Pseudanabaena instead of Limnothrix. Aero-
topes, typical for the genus Limnothrix, were visible in the video clip (especially in the bright
field view). The genus name for Limnothrix redekei and L. planctonica are accepted species
names e.g. in John et al. (2011) and in the internet database AlgaeBase.org (a situation at the
time of the proficiency test; later, however, accepted only as Limnothrix redekei and L.
planctonica in AlgaeBase). Both genera were therefore accepted. Lake taxon no 20 belongs to a
group of taxa, that cannot be identified into species level without preparation. Therefore, spe-
cies level identifications of N. paleacea, N. holsatica, N. fruticosa and N. actinastroides all
gave  3  points.  Two  chloroplasts  typical  for  the Nitzschia species, were detectable from the
video clips.

The Baltic Sea taxa were advised to be named according to the HELCOM PEG phytoplankton
taxa and biovolume file version 2014, which was sent to the participants by e-mail. For the
analysts working with the Baltic Sea monitoring samples, it is important to know how to use
the HELCOM PEG taxa and biovolume file, since only these taxa are accepted in the ICES
reporting. Therefore, for example using synonym name Pauliella (no 3) reduced 1 point.

For the Aphanizomenon sp. counting, all parts of filaments/colonies that are inside the counting
area should be taken into account, regardless of which side of the counting area they may cross.
And, all parts of the filaments/colonies outside the counting area should be ignored. The stan-
dard EN 15204 (2006) says that “cells of colonies and filaments are counted as if they are indi-
vidual cells, counting only cells within the counting field/transect lines”.

9 Summary

ProfTest SYKE organized the fourth virtual proficiency test 10/2014 based on filmed material.
A total of 39 analysts from 27 organisations and eight countries took part the test. The test ma-
terial represented phytoplankton that typically occurs in freshwaters in the Northern Europe and
in the northern Baltic Sea.

The test integrated three components: 1) phytoplankton species identification, 2) phytoplankton
counting and 3) measurement of cell dimensions. Both lake and the Baltic Sea phytoplankton
identification tests consisted of 20 video-clips of 20 taxa. For the phytoplankton counting test
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20 video-clips, representing 20 fields of view in a microscope, were filmed. In the measure-
ment test dimensions of three selected taxa were asked to be measured from a Lugol´s solution
preserved composite sample.

Both in the lake and the Baltic Sea phytoplankton identification tests 81% of the participants
reached the good quality target of 75%.The success in the counting and measurement tests was
excellent: all participants performed successfully the counting test and 92% the measurement
test. The majority of the participants demonstrated excellent phytoplankton identification skills
and proficiency to perform phytoplankton counts and measurements.
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