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1. Introduction

Beginning in 2000, the European Water Framework Directive (WFD; European Union, 2000) has
regulated water politics within the entire European Community. Accordingly, the countries
developed protocols for identifying the ecologicahtus of surface waters that is specified for each
lake- and rivertype. The species composition and abundance of several organism groups are used to
identify their ecological status.

In Germany, the PHYhiethod was developed and is continuously adaasfor assessing the water
guality with macrophytes and phytobenthos (Schaumburg et al. 2006b, 2007b, 2011a, b, ¢, 2012,
2014). For diatoms the PHYiimBtruction protocol provides details for site selection, sampling,
sample processing and preparation,cntiscopic analysis and water quality assessment (Schaumburg
et al. 2011c, 2012). For microscopic analysis, the protocol requires the identification of diatoms to at
least species level, and sometimes up to varletyel. Accordingly, the analyst should baa
comprehensive knowledge of diatom taxonomy and ideally #@mmn experieme with diatom
identification.

To ensure a good quality of diatom taxonomy for water quality assessments, it is essential to
participate in intercalibration exercises, taxonomiorkshops as well as, exchange and communicate
ideas with other diatomists (Kelly & Lewis 1997, Prygiel et al. 2002, Kahlert et al. 2009, Drel3ler et al.
2014, Kahlert et al. 2016). Intercalibration exercises are a valuable part of quality assurance, as the
examine the quality of the results of participating laboratories and validate the applied method (DIN
3840242, DIN 384025).

The first German intercalibration exercise for benthic diatoms took place in 2011 and 2012 (DreRler
et al. 2014). The analysi§ the counting results and the discussions at the associated workshop
identified taxonomic problems and generated recommendations on taxonomic resolUtn@nefore

the previous intercalibration exercise helped to improve the quality of diatom countésglts
(DreBler et al. 2014, 2015). Also, the results demonstrated that the quality of counting results
affected the water quality assessment when using the PHYietBod and consequently
demonstrated the importance of intercalibration exercises as thelp educe the variability of
counting results (Werner et al. 2016). Recommendations for counting diatoms were generated to
improve the PHYLIBethod that assesses the water quality in German serfaaters (Drel3ler et al.
2014).

This report summarises theecond German intercalibration exercise for benthic diatom that was
conducted in 2014 and 2015. Forty participants counted and identified diatoms from two diatom
slides according to the German instruction protocols (Schaumburg et al. 2011c & 2012),raree fro
lake and one from a stream site from the North German Lowlands. The auditors were three
internationally renowned diatom specialists (Krisztina Buczko, Hungarian Natural History Museum,
Hungary; Bart Van De Vijver, Botanic Garden Meise, Belgium; Larg IEotembourg Institute of
Science and Technology (LIST), Luxembumgluly 2015, two auditors participated in the taay

long workshop at the Technische Universitat Braunschweig (Germany) that was associated with the
intercalibration exercise. At theorkshop the results of the intercalibration exercise were presented.
Together we discussed taxonomically difficult diatgnoups and the related characteristics that
facilitate their identifications and formulated suggestions on how to improve the PHivattibd.

Based on this intercalibration exercise and associated workshop, this report presents the counting
results of the second German intercalibration exercise, recommends how to consistently deal with
the difficult to differentiate diatom groups idenifd in this report and suggests potential
improvements to the German PHY{n@thod.
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2. Declaration

Staff from the Technische Universitat Braunschweig, Germany, and Universitat Rostock, Germany,
selected the sampling sites, conducted the sampling and saprpfearation, sent the slides to the
participants, assessed the counting results of the participants, and did not participate in the
intercalibration exercise itself. This ensured no competition or bias with any of the participating
consultants. The statisgtal expert of this study does not know which laboratoode refers to which
participant. Overall, it was understood that the counting of different slides of the same sample would
lead to some variation among counting results.
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3. Materials and methods

The { SO2yR DSNXIYy AYGSNDItAONIGAZ2Y SESNDAAGS

sample and one lakeample from the North German Lowland&ablel). The strearsample (Diat.
FG F) is from the Stream Saaler Bach near the village of WiepkenhdgeklgnhburgWestern
Pomerania, Germany) and was sampled in September of 2008. Theadipte (Diat. S F) is from

Lake Lychensee (Northern Brandenburg, Germany) and was sampled in late July of 2010.

Table 1 Sample site characteristics. WHipe = Europea Water Framework Directive (WFDyater
body-type according to Schaumburg et al. (2011c, 2012), VQ = volume ratio = size of catchment area

/ lake volume in km2 / 18n3

Diat. FG F, Stream Saaler Bac

Diat. S F, Lake Lychensee

Ecoregion North German Lolands North German Lowlands
WFDtype 14 (sandy stream) 10 (i.e. VQ > 1.5, dimictic)
Diatom-water body-type 12.1 10.1

Catchment area geology carbonaterich carbonaterich

Catchment area size 27.2 km? 175.7 km?

68y

Samples were taken according to the Garminstructions (Schaumburg et al. 2011c, 2012) for

implementing the European Water Framework Directive, i.e. the PHivétiibd for lotic systems

and lakes. The periphyton sample of each site was collected in a 500 ml plastic bottle and preserved
with ethanol. Diatom samples were subsequently oxidised and prepared with hydrochloric acid (HCI),

water peroxide (K0,), sulphuric acid (#$Q), potassium permanganate (KMgQand oxalic acid
(C2HO,) following modified methods from Kalbe & Werner (1974). The ltesuslurry of each

sample was used to create diatom slides for all participants and auditors. The slurry was shaken
repeatedly during the procedure. Diatom slurries were dried on cover slips in two densities and then
mounted with Naphrax® (refraction ied 1.71) onto slides. Slides were prepared by one person
(Technische Universitat Braunschweig, Germémryconsistency. Early in October of 2014, the slides
were sent to participantsTable 2). Participants were allowed another slide, if their slides were
insufficient in quality or diatom density (no one made use of this option).

Table 2 Time schedule of intercalibration exercise

Task Date

Dispatch of slides to participants 01.10.2014
Deadline to submit counting results 28.02.2015
Workshop at TechnisehUniversitat Braunschweig, Germany | 18-19.07.2015
Dispatch of certificates 23.09.2015

Auditor participants @uditor€Q A Yy

0 K Sor fig ihtércalibratisriexercise wer®r. Krisztina
Buczko lungarian Natural History MuseurBudapest) Prof. Dr. Bart Van De VijveB¢tanic Garden

Meise, Belgiup and Dr. Luc EctorLxembourg Institute of Science and Technology (LIST),
Luxemburg. They are three internationally renowned diatespecialists with more than 20 years of

experience of analysing diatoslides. All three auditors analysed both one stresample (Diat. FG

F) and one lakeample (Diat. S F).

For thestream sample participants and auditors were instructed to base their counts on the most
current German instructions for lotic systems (Sahaurg et al. 2012 (in German)) and on the
instructions in the letter accompanying the samples. The letter detailed any new and relevant

8
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changes of instructions given in Schaumburg et al. 2006a (in English) compared to the amstructi
given in Schaumburgt al. 012. Additionally, the letter drew attention to the following particularly
important mandatory instructions:

- Counting of at least 400 objects along transects; not field of views.

- Including girdle band valve views in the count and broken valve8 ¥&of an intact valve).

- Each frustule within a chain of girdle bands is one object (Hofmann, personal
communication). Valves at the end of the chains are also one object.

- Excluding pennate taxa that are assumed to exclusively inhabit the pelagicigtatein
Table 2, p. 30 in Schaumburg (2012).

For thelake sample counts had to be based on the most current German instructions for lakes
(Schaumburg et al. 2011c (in German)) and letter details. Thealimmmpanying letter contained

any new and releant changes of instructions given in Schaumburg et al. 2007a (in English) compared
to the instructions given in Schaumburg et al. (2011c). Additionally, the letter stated that:

- Atleast 500 diatorobjects need to be counted.

- For identifying rare taxa, thslide had to be scanned subsequent to counting 500 objects for
another 30 minutes. These taxa had to be entered with the value "0" in the entry mask for
the counting results.

- Also, above notes about girdle band views, broken valves and planktonic psreatiusion
(Table4, S. 26, Schaumburg et al., 2011lee list was included in the letter) applied.

Mandatory identification literature for the intercalibration exercise was also provided in the letter.
The standard identification literature was Hofmaanal. 2011 or 2013 (2nd edition). Additionally,
identification had to be based on the supplementary bokammer & Lang8ertalot (19862004),
LangeBertalot (1993, 2001), Landertalot & Moser (1994), Langgertalot & Metzeltin (1996),
Krammer (1997a1997b, 2000, 2002, 2003), Reichardt (1999), Witkowski et al. (2000) and Levkov
(2009).

Participants and auditors entered their data via the E@Q&Bpagewww.planktonforum.euand the

EQAT entry mask using theinigue laboratory code, which they received with the accompanying
letter. Laboratory codes ran from 1 to 41 for 40 participants. Number 23 was used for a test run.
Auditor codes ran from 42 to 44Analysis, evaluation and presentation of counting resultsewe
based solely on the laboratory codes. Participants and auditors had to enter the number of identified
objects of each taxon together with the associated most recent German data processing number of
each taxon (dhnumbers) (Mauch et al., 2003, version14(. In addition to the counting results,
mandatory microscope information was entered, i.e. magnification used, lens (type, aperture) and
optical illumination technique.

For data analysis and evaluation of counting results the same method was used & tifnat first
German intercalibration exercise of benthic diatoms (DrelRler et al., 2014). First, the relative
abundances were calculated from the number of counted diatom objects. Then, the number of
diatom-objects (sum) per sample was identified, as wslthe number of identified taxa, the number

of taxadetermined with uncertainty (sp cf., aff.,Pennale} the number of taxa that occurred in
greater than 1% abundance and the number of taxa that were found during the scan for rare taxa.
The similariy of counting results per sample were determined using both -Bratis dissimilarity
distance and a multivariate graph (Detrended Correspondence Analysis = DCA). These two


http://www.planktonforum.eu/
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independent methods were used to confirm and ensure the assessment of the couesinlys of
each participant.

Based on the relative abundance data of the three auditors, the average, standard deviation and
corresponding 95 %onfidence interval of the Bra@urtis dissimilarity distances of each sample
were calculated and representeché similarity of the results of the auditors. If the Bi@urtis
distance of a participant was inside of this confidence interval around all three auditors, then the
result of the participant was considered to be similar to the auditor results. Resultditiared
statistically significantly fronall three auditors, were deemed to beounted unsuccessfullyThese
participants were marked with a red circle in the DCA (see Chapter 4.1.). Subsequently, the Bray
Curtis distances (coloured circles) were visualompared to the results of the DCA figure (if
appropriate also in the third dimension) for further confirmation of findings.

Prior to calculating th@ray-Curtisdistances and creating the DCA, fhr@blematic taxa were pooled
into groups (listed in Gipter 4.1). These were:

1. Taxa that were both, difficult to identify (see no. 4) and named with and without
uncertainty, i.e. taxa that were sometimes labelled with 'cf.' or 'aff.' by the auditors or
participants.

2. ldentical taxa with varying names (®1yms) were grouped, if they were based on
identical taxonomical concepts. Exampl&anothidium lanceolatunand Achnanthes
lanceolata ssp. lanceolata or Fragilaria vaucheriaeand Fragilaria capucinavar.
vaucheriae

3. Species and their nominate variefprm or morphotype: Species and nominate variety
were grouped, if no other varieties exist, elgagilaria brevistriatafragilaria famelica
Navicula cryptocephalaNitzschia capitellataor Nitzschia recta Also, species were
grouped, if their varietyform or morphotype were both difficult to identify (Hofmann et
al. 2011 and 2014, Dreller et al. 2014) and other varieties/forms/morphotypes were not
found.

4. Taxa that were taxonomically difficult to differentiate using light microscopy: This
applied totaxa that could not be separated unambiguously with the taxa description in
the current identification literature.

These groups were created to ensure a realistic evaluation of the participants, i.e. to avoid
unfavourable evaluations due to these taxonomioblems.Therefore only serious taxa confusion,
misidentifications or misnomers affected the evaluation of the counting results. The pooled groups
are listed in Chapters 4.1.1 and 4.1.2. With the exception of grouping no. 3, taxa were not pooled to
these groups for the detailed discussion of taxonomic problems (&hsd.3 and 4.4)

Next to above taxonomic evaluation, participants were also evaluated based on deviations from the
given official German instruction protocols (Schaumburg et al. 2011c at2, 28spectively). The
following criteria were used to assess consistency with the protocol and were noted on the
certificates of the participants:

- Number of counted objects were distinctly too low, i.e. <380 objects in the stream sample
and <475 objects the lake sample

- Slides were not scanned for rare taxa in the lake sample
- Obligatory planktonic diatoms were listed

- Taxa names did not correspond to the names provided in the requested literature, i.e. the
names were either outdated or wrong due toaw taxon concept.

10
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Based on the above, participants received either no (0), minor (1) or substantial deviations (2) from
the instruction protocol on their certificates. Minor deviations were noted, if one of the above
parameters were neglected. Substahti@deviations were noted, if at least two or more of above
criteria pertaired.

The ecological status class of each sample was assessed based on the diatom assemblages using the
PHYLIBoftware version5.3.0 from 11. December 2015 (Chapter 4.5; Schaumbugy. &011c and

2012, respectively). The effects of counting result variances on the ecological assessment with
PHYLIB was assessed usirg.kiDiatom Indexkeg and Dkiiergewsssef Diatom INdeXinning watery-

Finally, all diatom pictures in this refowere taken with the camera ProgRes®SpeedXTcore3
(Jenoptik) attached to an Axioplan light microscope (Zeiss) with differential interference contrast
(DIC), 100x eimmersion objective PlaApochromat (aperture 1.4) at an overall magnification of
1000x. \alves were measured using the software analySIS® (Soft Imaging System GmbH).

11
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4. Results and discussion
4.1 Diatom assemblages, counting results and evaluation of participants
4.1.1 Stream Saaler Bach (Diat. FG F)

The sampleDiat. FG Rwas taken from the Stream Saa Bach near the village Wiepkenhagen in
MecklenburgWestern Pommerania, Germany, and will be referred todss 4 NS I Y 6n thad | Y LI S
following discussion. The following diatom taxa dominated the assemblage according to the three
auditors: Navicula gregaridDonkin,Melosira varian<C. Agardh andlavicula cryptocephal&itzing
(Table 3). Also abundant (present at least once with >3 5elative abundance) wer€occoneis
placentulavar. lineata (Ehrenberg) van Heurcki. placentulavar. placentulaEhrenberg,Nitzschia
paleacea Grunow, Gomphonema parvulum(Kiutzing) Kutzingvar. parvulum f. parvulum,
Gomphonema parvulurtKiutzing) Kitzingar. parvulum, Achnanthidiunef. minutissimum(Kutzing)
CzarneckiAchnanthidiumcf. minutissimum(Kutzing) Czarneckir. minutissimum, Nitzschia palea
(Katzing) W. Smitkiar. palea, Nitzschia paleear. debilis(Kitzing) Grunow anbitzschia archibaldii
LangeBertalot (Table3).

Table 3 Relative abundances (%), average (%) and standard deviation (SD) (%) of the dominant
diatomtaxa in theW{ & NB I Ylgased onYhedessits of the three auditois42L44 = laboratory
codes 42 to 44

Auditor 1 | Auditor 2 | Auditor 3
Taxon L 42 L43 L44 Average| SD
Navicula gregaria 8.8 16.8 15.8 136 | 4.3
Melosira varians 8.5 10.8 12.2 10.5 1.8
Navicula cryptocephala 8.8 8.5 6.8 8.0 1.1
Cocconeis placentular. lineata 0.0 4.3 7.1 3.8 3.6
Cocconeis placentular. placentula 4.8 0.0 0.0 1.6 2.7
Nitzschia paleacea 6.0 4.3 3.2 4.5 1.4
Gomphonema parvulumwar. parvulumf. parvulum 5.0 0.0 2.7 2.6 2.5
Gomphonema parvulumar. parvulum 0.0 4.0 0.0 1.3 2.3
Achnanthidiuncf. minutissimum 0.0 5.0 0.0 1.7 2.9
Achnanthidiuncf. minutissimumvar. minutissimum 3.8 0.0 0.0 1.3 2.2
Nitzschia paleaar. palea 3.3 0.0 3.6 2.3 2.0
Nitzschia paleaar. debilis 35 15 0.0 1.7 1.8
Nitzschia archibaldii 35 35 3.2 3.4 0.2

The abundance of each taxon occurs with a certain statistical dispersion on the slides of all
participants due to a natural variability of the samples and the slide preparatiorp(€hd). This
variability is reflected in the results and the extent of this "natural variability" is particularly visible in
the standard deviation of the dominant taxa identified by the three audit@eb(e3). The standard
deviatiors of the taxa abundace were 1.1 % forNavicula cryptocephalayith an average relative
abundance of 8.06 (n=3), 1.86 for Melosira varians(average: 10.86) and 4.3% for Navicula
gregaria(average 13.86). It should be noted that the entire extent of "natural variabilitghnot be
represented by the results of the auditors, as the sample size (three) is too low.

12
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Further deviations among the results of the auditors were due to different taxonomic allocations,
e.g. toCocconeis placentular. lineataor C. placentularar. placentula Gomphonema parvulumar.
parvulumf. parvulumor Gomphonema parvulumar. parvulumand Achnanthidiuncf. minutissimum

or Achnanthidiuncf. minutissimunvar. minutissimum These taxa have either ambiguous taxonomic
concepts (e.gCocconeis placéma-aggregate, see Chapter 4.3.1), or the auditors determined the
taxa to different taxonomic levels (e.gsomphonema parvuluraggregate), or the taxa were
determined with uncertainty, as they were labelled with "cfAcfnanthidium minutissimum

aggregaté.

The participants of the intercalibration exercise, and to a very small extent, also the auditors, had
difficulties identifying certain diatoms from th&{ (G NB | Y QPartictlary Hiffcult were the
allocation of taxa from theCocconeis placentukagregate, theGomphonema parvuluraggregate

and the Nitzschia paleaggregate. Additionally, severe taxonomic problems occurred when
identifying Navicula cryptocephala Nitzschia paleacea Planothidium lanceolatum and
P.frequentissimum The counting resudt of these taxa and groups are presented and discussed in
detail in Chapter 4.3.

Next to the taxonomic evaluation of the participant results, participants were also evaluated based
on deviations from the given official German instruction protocol (Schauglet al. 2012) (see
Chapter 3). As th&/{ (i NB I Y & framl aYldtilf system, at least 400 diatarhjects had to be
counted according to the instruction protocol (Schaumburg et al. 2012). Two of the 40 participants
deviated distinctly from the target (emting < 380 objects)Table4). Also, obligatory planktonic
living diatoms had to be excluded from the count. In contrast, six of the 40 participants listed
planktonic diatoms in their results from the¢'{ G NS I Y,(as thely WstelNi&schia acicularisr
N.acicularisvar. acicularis(laboratory codes 2, 12, 14, 29 and 37)@yclotella meneghinianand
C.cyclopunctalLaboratory ©de 31). The results (taxa names) of two participants (laboratory codes
28 and 39) suggest the use of outdated identificatiiberature. Therefore, it was understood that 31
participants complied with the official German instruction protocol (Schaumburg et al. 2012).

The auditors identified a total of 57 to 58 diatom taxa in th¢ i NB I Y. The PpdrtigipantsSfound

12 to 72taxa, on average 50 taxa (n=4gble4). The number of taxa that occurred with more than
1.0% relative abundance ranged from 25 to 28 for the auditors, and for the participants from 8 to 29
taxa (Table4). The sum of the relative abundance of all takattwere identified with uncertainty
("sp.", "cf.", "aff.", Pennale} were 0 %, 5.0 and 6.%4, respectivelyfor the auditors and up to
52.7% for the participants. Six participants (and one auditor) determined all identified taxa for the
river sample wh certanty, i.e. they did not use "sf "cf.", "aff." or 'Pennales Nine participants

(and two auditors) labelled more than% of the identified taxa with uncertaintyéble4). A detailed
discussion about how to deal with taxonomic uncertainties aasdommendations when using
PHYLIB and how to advance PHYLIB is presented in the report of the first German intercalibration
exercise for benthic diatoms (Dref3ler et al. 2014).

13
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Table 4 Basic counting parameters and Bi@yrtisDistances of the participas (laboratory codes-1

41) and auditors (laboratory codes 42, shaded in green) for th’{ (G NB | Y:QLab&QodéLJ S
=laboratorycode. Number of counted diatoimbjects Objecty, objects minus planktonic objects
(Obj-B), number of identified taxa during theount NTQ, during the search for rare taxa after the
count (NTS not required as this is a lotic system sample) and with a relative abundance NT>% (

%) and sum of the relative abundance of all ambiguously determined diatom objects, i.e. taxa
labelled with "sp.", "cf.", "aff.", Pennalegcf (%). Also given are the BragurtisDistances of the
participants compared to auditor 4D(ff 1), 43 Diff 2) and 44 Diff 3), respectively. Red and bold
Bray-CurtisDistances were outside the 95€onfidence ingrval.

Lab Basic counting parameters Bray-CurtisDistances

Code| Objects| ObjB| NTC| NTS| NT>19% cf (%) Diff 1 Diff 2 Diff 3
1 438 438 51 0 18 1.1 0.4653 0.3559 0.3374
2 547 522 69 3 29 1.9 0.2819| 0.3162 0.3314
3 400 400 51 0 24 3.5 0.2512| 0.2140 0.263%
4 400 400 52 1 21 0.8 0.3066 0.2190 0.2275
5 401 401 43 0 19 0.0 0.2263| 0.1701 0.2156
6 457 457 50 0 22 13.3 0.3402 0.2743 0.3535
7 400 400 58 0 24 8.3 0.3615 0.2966 0.2977
8 451 451 57 0 22 0.7 0.2765| 0.2244| 0.2815
9 400 400 60 16 25 1.0 0.2713| 02491 0.2698
10 407 407 47 0 23 1.0 0.2916| 0.1677 0.2275
11 417 417 47 17 22 0.0 0.4479 0.4201 0.4303
12 477 474 55 0 20 1.5 0.3928| 0.3711 0.4020
13 408 408 43 7 19 0.2 0.3282| 0.2639 0.3045
14 520 498 52 4 22 8.6 0.3107| 0.2956 0.3229
15 435 435 44 0 21 0.0 0.4346| 0.3913 0.4139
16 401 401 68 10 23 2.5 0.3048 0.2553 0.2811
17 473 473 67 0 21 0.0 0.3225| 0.2792 0.2664
18 239 239 29 0 19 1.7 0.8111 0.8537 0.8488
19 400 400 44 0 21 0.5 0.3640 0.2661 0.2563
20 423 423 42 10 18 0.9 0.3468 0.2604 0.3496
21 412 412 61 0 18 1.0 0.2709| 0.1884| 0.2105
22 407 407 44 0 21 0.5 0.3497| 0.2867 0.2966
24 400 400 51 0 23 1.0 0.2869| 0.2068 0.2816
25 400 400 48 0 18 5.3 0.3293| 0.2140 0.2732
26 406 406 62 0 22 2.7 0.2444| 0.2141 0.3047
27 400 400 66 0 25 2.5 0.2741| 0.2464 0.2319
28 540 540 20 0 13 14.3 0.9499 0.9098 0.9197
29 469 382 28 0 18 24.6 0.7841 0.7938 0.8017
30 400 400 54 0 20 1.3 0.2961| 0.2314| 0.2723
31 425 387 12 0 8 52.7 0.8946 0.8897 0.8856
32 400 400 49 0 22 5.5 0.3441| 0.2694| 0.2752
33 439 439 58 0 26 0.2 0.3252 0.2509 0.3004
34 513 511 36 0 17 0.0 0.3831 0.3635 0.3877
35 400 400 72 0 22 1.5 0.3092| 0.2466 0.2480
36 415 415 57 0 24 3.9 0.2603| 0.1971 0.2543
37 374 359 61 0 27 12.3 0.3483| 0.2895 0.3215
38 400 400 49 0 19 3.8 0.3165| 0.2969 0.3231
39 397 397 41 19 23 2.3 0.3628| 0.3140 0.3228
40 443 443 47 0 19 0.0 0.4543| 0.3399 0.3263
41 408 408 54 0 20 0.0 0.3063 0.2351 0.3023
42 399 399 57 16 28 6.5 0.0000 0.2406 0.2948
43 400 399 57 0 26 5.5 0.2406 0.0000 0.2186
44 411 411 58 21 25 0.0 0.2948 0.2186 0.0000
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As described in Chapter 3, the Bi@urtisDistances were calculated and the counting results were
depicted in a DCA to evaluate the participants. For both methods, the following taxa were pooled
into groups prior to analysis for the{ GYNB & I Y LI S

1. Taxa were pooled that were both difficult to identify and named with and without uncertainty,
i.e. taxa that were sometimes labelled with 'cf.’ or 'aff.' by the auditors or participants:

Group 1 (Achnanthidium saprophilumAchnanthidiumcf. sapophilum), Group 2 (Amphora
inariensis Amphora cf. inariensi3, Group 3 (Encyonema ventricosumEncyonemacf.
ventricosun), Group 4 (Eolimna minimaEolimnacf. minima), Group 5 (Fragilaria rumpens
Fragilariacf. rumpeng, Group 6(Mayamaea atomuyar. permitis, Mayamaea atomu<f. var.
permitis), Group 7(Nitzschia paleaceaditzschiacf. paleaced

2. ldentical taxa with varying names (synonyms) were pooled, in combination with previous
criterion:

Group 8 (Planothidium lanceolatum Achnanthes lanceolatsssp. lanceolatg, Group 9
(Fragilaria capucinavar. vaucheriae Fragilaria vaucheriaeFragilaria capucinacf./aff. var.
vaucheriaeFragilariacf./aff. vaucheriag, Group 10(Fragilaria gracilisFragilaria capucinaar.
gracilis Fragilariacf./aff. gracilis Fragilaria capucinaf./aff. var.gracilig

3. Species were pooled with their nominate variety or form; where applicable in combination
with above criteria:

Group 11 (Encyonema silesiacynEncyonemacf. silesiacum Encyonema silesiacumar.
silesiacun), Group 12(Eunotia bilunarisEunotia bilunarisvar. bilunarig, Group 13(Fragilaria
brevistriata Fragilaria brevistriatavar. brevistriatg), Group 14(Fragilaria famelicaFragilaria
famelica var. famelicg, Group 15 (Fragilaria ulna Fragilaria ulnavar. ulna), Group 16
(Gomphonema olivaceunsomphonema olivaceuwar. olivaceun), Group 17(Gomphonema
parvulum var. parvulum Gomphonema parvulunvar. parvulum f. parvulun), Group 18
(Mayamaea fossaligdMayamaea fossaligar. fossali3, Group 19(Meridion ciculare Meridion
circulare var. circulare, Group 20 (Navicula cryptocephajaNavicula cf. cryptocephala
Navicula cryptocephalaar. cryptocephala Navicula cryptocephalaf. var. cryptocephald,
Group 21 (Nitzschia capitellataNitzschia capitellatavar. capitellatg), Group 22 (Nitzschia
recta, Nitzschia rectavar.recta), Group 23(Sellaphora pupulgellaphora pupulaar. pupuld

Gomphonema parvulumar. parvulumand Gomphonema parvulumar. parvulumf. parvulum
were grouped Group 17) becauseGomphomma parvulumvar. parvulumf. saprophilumis
usually distinctly different from fparvulum and is currently considered to be a separate
species (Abarca et al. 2014)herefore the form parvulumwould be void. For a detailed
discussion see Chapter 4.3.2.

4. Taxa were pooled into groups that are taxonomically difficult to differentiate using light
microscopy where applicable in combination with above criteria

Group 24 (Planothidium frequentissimum Planothidium frequentissimum var.
frequentissimumPlanohidium frequentissimurwar. magnum Planothidium frequentissimum
var. minug, Group 25 (Achnanthidium minutissimumAchnanthidium minutissimunvar.
minutissimum Achnanthidium minutissimunvar. jackii, Achnanthidium microcephalum
Achnanthidium lineare W. Smith, Achnanthidium cf. minutissimum Achnanthidium
minutissimumcf. var. minutissimum Achnanthidium minutissimurof. var. jacki), Group 26
(Cocconeis placentyl&€occoneis placentulaar. placentula Cocconeis placentulaar. lineata,
Cocconeis placeuta var. euglyptg, Group 27(Navicula reichardtianaNavicula reichardtiana
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var. reichardtiang Naviculacf. reichardtiana Navicula catervg Group 28(Nitzschia fonticola
Nitzschia fonticolavar. fonticola, Nitzschiacf. fonticola, Nitzschia costgj Group 29 (Nitzschia
palea Nitzschia paleaar. debilis Nitzschia paleaar. palea Nitzschia paleaar. tenuirostris
Nitzschiacf. palea Nitzschia paleaf. var.debilis Nitzschia paleaf. var.palea Nitzschia palea
cf. var.tenuirostris Nitzschia achibaldi)

The similarity among counting results was assessed using theCBréigDistance. The average Bray
CurtisDistance of the counting results among auditors was 0.2513 with a standard deviation of
0.0392 andtherefore a 95 %confidence intervabf permitted range 0f0.0564 to 0.446%or the

WY{ G NB I Y.0f a BrayQurtiDstance of a participant was outside this confidence interval of an
auditor, the distance is marked red and boldTiable4. If the BrayCurtisDistance of a participant
wasoutside the confidence interval of all three auditors, then the results were too dissimilar to the
results of the auditors, i.e. the sample was counted "unsuccessfully". This dissimilarity pertained to
four participants (186, Table4).

The Detrended Corspondence Analysis (DCA) confirms the results of the-BuatjsDistances (Fig.

1, displaying the first and second axis), when also reviewing the third dimension (not shown). Four
participants with high BragZurtisDistances Table4, red outline in Figl) are distinctly apart from

the counting results of the auditors (L424). The counting results of the auditors were similar and
therefore are located very close to each other and to most participant&q90ig. 1).

25
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Figurel: First and second axis of the DCA based on the diatom results of all participants and auditors
of the W{ (O NB | Y.Qlumbérsrchifespond to laboratory codes-{144). Results from participants

of the redrimmed laboratory codes were outside the confide-intervals of all three auditors based

on the BrayCurtisDistances, i.e. these participants counted this sample unsuccessfully.
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4.1.2 Lake Lychensee (Diat. S F)

The sampldiat. S Fwvas taken from Lake Lychensee in Northern Brandenburg, GermanytéCBap
Table1) and will be calle®[ I 1 S Qin the fMIbdfing. Overall, the results of the auditors agree
well with each other. The following diatom taxa dominated the assemblage according to the
auditors: Achnanthidium minutissimungKutzing) Czarneckiar. minutissimum Cymbella vulgata
Krammer andEncyonopsis minut{rammer & ReichardiAlso abundan{present at least once with
>3.2% relative abundance) wereEpithemia adnata(Kitzing) Brébissonkragilaria brevistriata
(Grunow) Grunow var.brevistrata, Navicula cryptotenelloidesLangeBertalot, Encyonopsis
subminuta Krammer & ReichardtEncyonopsis thumensiKrammer, Gomphonema exilissimum
(Grunow) Lang®ertalot & Reichardt, Achnanthidium lineareV. Smith (entered ad?ennale}
Epithemia soreKutang andEncyonopsis microcephdi@runow) KrammerTable5).

Some differences occurred in auditor results duénatural variability" among slidess reflected in
the standard deviation (SD) among auditors@fmbella vulgatgaverage relative abundanoef
10.6%, SD 2.%, n=3),Epithemia adnata(average 8.26, SD 1.%), Navicula cryptotenelloides
(average 7.26, SD 0.%) andEpithemia sorexiaverage 2.90, SD 0.%). Additionally, some
differences occurred due to different taxonomic allocations. Feangple, only one of the three
auditor identifiedEncyonopsis thumendiwith 4.8%) or Emicrocephaldwith 3.2%)(Tableb).

Table 5 Relative abundances (%), average (%) and standard deviation (SD) (%) of dominant taxa in
the W[ I 1 S Qbased o teeSults of the three auditord.42L44 = laboratory codes 42 to 44

Auditor 1 | Auditor 2 | Auditor 3
Taxon L 42 L 43 L 44 Average| SD
Achnanthidium minutissimumar. minutissimum 154 8.8 11.1 11.8 3.3
Cymbella vulgata 13.0 10.2 8.7 10.6 2.2
Encyonopsiminuta 8.2 11.4 8.3 9.3 1.8
Encyonopsis subminuta 6.8 4.0 3.6 4.8 1.7
Encyonopsis thumensis 0.0 4.8 0.0 1.6 2.8
Encyonopsis microcephala 0.0 0.0 3.2 1.1 1.9
Epithemia adnata 7.4 7.4 9.5 8.1 1.2
Fragilaria brevistriatasar. brevistriata 6.6 7.0 8.3 7.3 0.9
Navicula cryptotenelloides 6.2 8.0 7.5 7.2 0.9
Gomphonema exilissimum 3.6 0.0 0.4 1.3 2.0
Pennales/Achanthidium lineare 2.4 3.4 1.8 25 0.8
Epithemia sorex 2.4 3.0 3.2 29 0.4

For the Pak&xsample,the analysis of the counting results and thisalissions during the workshop
identified taxa that are difficult to identify, particulargymbella vulgatand otherCymbellaspecies,
Encyonopsis minutand E. subminutataxa of theAchnanthidium minutissimuraggregateFragilaria
brevistriata Navicul cryptotenellaand N. cryptotenelloides The counting results of these taxa or
groups are presented and discussed in detail in Chapter 4.4

In addition to the taxonomic evaluation of the participant results, participants were also evaluated
based on devidgons from the given official German instruction protocol (Schaumburg et al. 2011c)
(see Chapter 3) for th&'[ | 1 S Q The IG¥tiniin Protocol (Schaumburg et al. 2011c) stipulates to
identify at least 500 diatorobjects. One participant counted only 82 whia-objects, i.e. distinctly
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too few (<475) Table6). Also, obligatory planktonic diatoms had to be excluded from the count.
However, two participants (laboratory codes 31 and 41) each listed tamktnic object Cyclotella
meneghinianaand Asterionellaformosa respectively).

One participant (Laboratorydgle 20) and one auditor identified one and two objects, respectively, as
Fragilaria saxoplanctonicbange. SNIi I f 20 3 { @ ! f NAOKO ® PRekfaled f A a0 St
according to Schaumburg al. (2011c), ak. saxoplanctonicavas only recently described (in: Lange

Bertalot & Ulrich 2014) antherefore, did not have a German data processing numberniagwber)

yet (Mauch et al. 2003, version of 2011). However, for the analysis of this irlbeat@in exercise,

these objects were subtracted from the total number of counted objects, becBLsaxoplanctonica

is definitely planktonic.

The three auditors identified 59 to 69 diatom taxa in ¢ I 1 S Q The lparticifiadts found 13 to
71 taxa, o average 52 taxa (n=40able6). The auditors identified 10 to 12 additional taxa during
the required search for rare taxa after the count (mandatory for {s&mples in Germany;
Schaumburg et al. 2011c). Four participants did not search for rare tagaeimaining participants
identified one to 21 additional taxa during the search for rare t&able6). The number of taxa that
occurred with more than 1.0 % relative aliamce ranged from 14 taxa to 24 taxa for the auditors,
and from 10 to 24 taxa fothe participants Table6). The results (taxa names) of three participants
(laboratory codes 14, 28 and 39) suggest the use of outdated identification literahezefore
overall 33 of the 40 participants complied with the accountable facts of the affi@erman
instruction protocol (Schaumburg et al. 2011c).

n

The sum of the relative abundance of all taxa that wesstiied with uncertainty ("sp, "cf.", "aff.",
Pennaley were 0%, 1.4% and 5.04 respectively, for the auditors and up 1.1 %for the
participants. Six participants (and one auditor) determined all identified taxa fokthel { SQ a I Y LJt
with certainty, i.e. they did not usesp!, "cf.", "aff." or "Pennale% Fourteen participants and one

auditor labelled more than 5 % of the identifieaka with uncertainty(Table6). A detailed discussion

about how to deal with taxonomic uncertainties and recommendations when using PHYLIB and how

to advance PHYLIB is presented in the report of the first German intercalibration exercise for benthic
diatoms (Dref3ler et al. 2014).
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Table 6 Basic counting parameters and Bi@yrtisDistances of the participants (laboratory codes 1
41) and auditors (laboratory codes -42, shaded in green) for th&’[ I 1 S Q: LablCyde) S
=laboratorycode. Number of count diatomobjects Objectg, objects minus planktonic objects
(Obj-B), i.e. number of benthic objects; number of identified taxa during the coN}, during the
search for rare taxa after the couiTSg and with a relative abundance >1(®6T>1 % and s of

the relative abundance of all ambiguously determined diatom objects, i.e. taxa labelledspith "
"cf.", "aff." or Pennalegcf (%). Also given are the BrayurtisDistances of the participants compared
to auditor 42 Diff 1), 43 Diff 2) and 44 Diff 3), respectively. Marked red and bold are Byrtis
Distances that are outside the 95@&bnfidence interval.

Lab Basic counting parameters Bray-CurtisDistances

Code| Objects| Obj-B NTC| NTS| NT>1% cf (%) Diff 1 Diff 2 Diff 3
1 565 565 39 3 18 0.2 0.4959| 0.4360| 0.4547
2 542 542 71 7 22 14.2 0.3116| 0.3132| 0.3465
3 499 499 56 18 17 2.2 0.2711| 0.2465| 0.2983
4 500 500 68 1 22 16.0 0.3840| 0.3735| 0.3774
5 513 513 52 18 17 21.1 0.4096| 0.3419| 0.4017
6 500 500 45 4 13 6.0 0.3120| 0.3234| 0.3200
7 500 500 61 6 18 6.4 0.3200 0.2816 0.2945
8 512 512 59 4 15 1.4 0.2685| 0.1944| 0.2961
9 500 500 61 19 17 4.2 0.3720 0.3354 0.3083
10 516 516 55 10 22 1.9 0.2739| 0.2325| 0.3118
11 495 495 57 6 24 0.0 0.4684| 0.4087| 0.4747
12 623 623 51 4 20 0.6 0.5639| 0.5902| 0.5716
13 516 516 49 3 17 0.8 0.4106| 0.4315| 0.3739
14 544 544 50 4 11 3.7 0.6091| 0.6452| 0.6405
15 510 510 41 11 17 0.0 0.4634| 0.5134| 0.4933
16 500 500 70 12 18 6.8 0.2840| 0.3194| 0.3323
17 546 546 58 21 21 0.0 0.3679 0.3130 0.2955
18 82 82 14 0 14 19.5 0.9596 0.9556| 0.9433
19 503 503 51 11 14 0.2 0.3938| 0.4027| 0.4086
20 521 519 49 8 16 2.3 0.2889| 0.2840| 0.3723
21 549 549 64 5 17 4.0 0.3029| 0.2458| 0.2542
22 502 502 46 5 13 1.6 0.3015| 0.2979| 0.2567
24 500 500 50 6 17 0.2 0.2920 0.2573 0.3047
25 500 500 51 9 21 18.2 0.5520| 0.5276| 0.5260
26 504 504 67 12 17 7.1 0.2953| 0.2275| 0.2649
27 500 500 66 20 15 0.6 0.2840| 0.2552| 0.2840
28 605 605 25 0 12 6.8 0.8022| 0.7957| 0.7752
29 531 531 26 0 22 4.7 0.5944| 0.5799| 0.6298
30 504 504 55 18 18 7.1 0.3319 0.3530 0.3473
31 512 511 13 0 10 0.0 0.8120| 0.8397| 0.8508
32 503 503 52 2 17 5.4 0.3202 0.3416 0.3085
33 502 502 61 9 18 1.2 0.2917| 0.2624| 0.3193
34 739 739 51 2 19 0.0 0.3154 0.2461 0.2888
35 500 500 63 21 16 0.4 0.2860| 0.2491| 0.2938
36 506 506 71 8 21 16.0 0.2899 0.2858 0.3064
37 502 502 65 10 20 11.6 0.3163| 0.3009| 0.3080
38 500 500 46 11 16 3.2 0.5160| 0.5034| 0.4468
39 510 510 44 5 16 0.0 0.5423| 0.5460| 0.5295
40 520 520 42 4 13 1.3 0.5681| 0.5003| 0.5068
41 500 499 52 3 26 1.6 0.3573| 0.2906| 0.3282
42 500 500 61 10 14 1.4 0.0000 0.2613 0.2949
43 500 499 69 12 18 5.0 0.2613 0.0000 0.2496
44 495 495 59 10 24 0.0 0.2949 0.2496 0.0000
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The following taxa groups were created prior to calculating the BrayisDistances for theV[ | 1 S Q
sample

1. Taxa were poled that were both difficult to identify and named with and without uncertainty,
i.e. taxa that were sometimes labelled with 'cf." or 'aff.' by the auditors or participants:

Group 1 (Achnanthidium caledonicum Achnanthidium cf. caledonicun), Group 2
(Achnanthidium eutrophilum Achnanthidiumcf. eutrophilun, Group 3(Amphora indistincta
Amphora cf. indistinctgd, Group 4 (Amphora pediculysAmphora cf. pediculu3, Group 5
(Cymbella langdertalotii, Cymbellacf. langebertalotii), Group 6 (Encyonopsis krameni,
Encyonopsisf. krammer), Group 7(Encyonopsis microcephaBncyonopsisf. microcephald,
Group 8 (Encyonopsis minutaEncyonopsisf. minuta), Group 9 (Encyonopsis subminyta
Encyonopsisf. subminutg, Group 10 (Encyonopsis thumensiE&ncyonopsisf. thumensi3,
Group 11 (Fragilaria construend. venter, Fragilaria construen<f. f. venter), Group 12
(Gomphonema exilissimymGomphonema cf. exilissimun), Group 13 (Gomphonema
minusculum Gomphonemeacf. minusculun), Group 14 (Navicula cryptotenellaNaviculacf.
cryptotenellg, Group 15(Navicula cryptotenelloidedlaviculacf. cryptotenelloide¥

2. Identical taxa with varying names (synonyms) were pooled, in combination with previous
criterion:

Group 16(Fragilaria capucinavar. vaucheriae Fragilaria \aucheriag Fragilaria capucinaf.
var.vaucheriagFragilariacf. vaucheriag

3. Species were pooled with their nominate variety, morphotype or form, where applicable in
combination with above criteria:

Group 17(Cymbella cymbiformj€ymbella cymbiformigar. cymbiformig, Group 18(Cymbella
helvetica Cymbella helveticaar. helveticg, Group 19(Encyonema cespitosyrktncyonema
cespitosumvar. cespitosuny, Group 20 (Encyonema ventricosunEncyonema ventricosum
morphotype 2), Group 21 (Fragilaria brevistried, Staurosira brevistriata Staurosira cf.
brevistriata Fragilaria brevistriatavar. brevistriatg), Group 22(Fragilaria ulnaFragilaria ulna
var. ulna), Group 23 (Gomphonema parvulumvar. parvulum Gomphonema parvulumvar.
parvulum f. parvulun), Group 2 (Gomphonema pumilumGomphonema pumilunvar.
pumilum), Group 25(Navicula radiosaNavicula radiosavar. radiosg, Group26 (Rhopalodia
gibba Rhopalodia gibbaar. gibba)

4. Taxa were pooled into groups that are taxonomically difficult to differentiategudight
microscopy; where applicable in combination with above criteria:

Group 27 (Planothidium frequentissimum Planothidium frequentissimum var.
frequentissimum Planothidium frequentissimunvar. magnur), Group 28 (Achnanthidium
minutissimum Achnanthidum minutissimunvar. minutissimum Achnanthidium minutissimum
cf. var.minutissimum Achnanthidium minutissimumar. jackii, Achnanthidium minutissimum
cf. var. jackii Achnanthidium lineare Achnanthidium neomicrocephalynAchnanthidium
pseudolinearg Group 29 (Cocconeis placentulaCocconeis placentulavar. placentulg
Cocconeis placentulaar. lineata, Cocconeis placentubaar. euglyptg, Group 30(Cymbella
neoleptoceros Cymbella neoleptocerosar. neoleptoceros Cymbella neoleptocerovar.
tenuistriga), Group 31(Fragilaria pinnataFragilaria pinnatavar. pinnata, Fragilaria pinnata
var. lancettulg), Group 32(Karayevia cleveKarayevia cleverar. clevej Karayevia cleverar.
rostrata), Group 33(Nitzschia fonticolaNitzschia fonticolaar. fonticola Nitzschia fonticolaf.
var. fonticola, Nitzschia costgi Group 34 (Nitzschia palea Nitzschia paleavar. debilis
Nitzschia paleavar. palea Nitzschia paleavar. tenuirostrig, Group 35 (Cymbella excisa
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Cymbella excisaar. excisa Cymbella exsiformis Cymbellacf. excisiformis Cymbella parva
Cymbellacf. parva Cymbella perparvaCymbellacf. perparva Cymbella kappiiCymbella
vulgata, Cymbelleact. vulgata, Cymbella vulgataar. vulgata, Cymbella vulgataf. var.vulgata)

About half of theparticipants had large difficulties with identifyir@ymbella vulgatan the W[ I { S Q
sample(see Chapter 4.4.2Therefore Cymbella(cf.) (var.)vulgatawas pooled into one group with
species that are similar tdymbella vulgataccording to Krammer (2002nd that were found by the
participants Group 35. Additionally,Cymbella kappivas added to Group 35, as it is very similar to

C. perparvdsee discussion in Chapter 4.4.2).

The similarity among counting results (relative abundances of the diatomtepjgfcparticipants and
auditors was assessed using the B@ytisDistance. The average Br&urtisDistance of the
counting results among auditors was 0.2686 with a standard deviation of 0.0235 and thus-a 95 %
confidence interval of permitted range 1517 to 0.38550r the W[ | 1 S Q. If& IBréayClirtis
Distance of a participant was outside this confidence interval of an auditor, the distance is marked in
red and bold in Table 6. If the Br&urtisDistance of a participant was outside the confidence
interval of all three auditors, then the results were too dissimilar to the results of the auditors, i.e.
the sample was counted "unsuccessfully". For ¥¢ | 1 S Q thig dis¥imdarly pertained to 14
participants (35%,Table6).

For theW[ | 1 S QthefDethehdedSorrespondence Analysis (DCA) confirms the results of the Bray
CurtisDistances (Fig. 2, displaying the first and second axis), when also reviewing the third dimension
(not shown). The counting results of 14 participants with high Bhastis-Distances Table6, red

outline in Fig. 2) are distinctly apart from the counting results of the auditorsli(#4® The counting
results of the auditors were similar and therefore are located very close to each other and to most
participants (63%, Fig2).
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Figure 2 First and second axis of the DCA based on the diatom results of all participants and auditors
of the W[ I 1 S Q Nuanbefd dbr@spond to the laboratory codes. Results from participants of the
red-rimmed labordory codes were outside the confidenagtervals of all three auditors based on

the BrayCurtisDistances, i.e. these participants counted this sample unsuccessfully.
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4.2 Microscope Specifications

In addition to the counting results, all participants andiiors had to provide information about the
equipment used for counting (Fig. 3).

Magnification
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Participants Laboratory Codes

Aperture

Figure 3 Microscope specifications used by participants and auditors. Legend: Coloured circles
indicate used magnificatioand used optical liimination technique(light blue: brightfield, dark

blue: differential interference contrast (DIC), orange: phasetrast). Solid circles: aperture of lens.
Arrowsmark the participants that counted one (yellow) or both (red) samples unsuccessfully.

Oveaall, most participants and all auditors conducted the diatom analyses udifigrential
interference contrast (DIGG1.2%, n=22/43), an aperture ok M @ 0%) @l ya ¢nmgnification of
%1000X (95.3%0)Fig. 3)Two participants that used a lower mafication than 1000 (400X, 600X)
counted the samples unsuccessfully (Fig. 3). Als@p 36 the participants used phasentrast and
17.5% of the participants used brigfield. Most of these participants counted at least one sample
unsuccessfully, whi the 26 participants that counted both samples successfully used DIC or-phase
contrast and only in one case brigield (Fig. 3)

The auditors used lens apertures of 1.35, 1.4 and 1.3, respectivetypérticipants did not specify
the lens aperture sed, while ten participants used an aperture of 1.25. Participants that counted the
samples unsuccessfaiainly used a low aperture, includingstinctly lower apertures of 0.55, 0.65
and 0.9.0nly five of the 26 successful participants used a lens apedtil.25, the remaining 21
participants used a higher apertuel.25, Fig. 3).
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4.3 Details of taxonomic problems inth&#’{ G NB+ YQ al YLX S
4.3.1 Cocconeis placentulaggregate

The participants of the intercalibration exercise had no problem identifying the spEcesoneis
placentula However, they had large difficulties to differentiate the varieties of tbecconeis
placentulaaggregate. Similarly, the auditors differed in their allocation of the varieties {8ig. 4

Inthe W{ G NB I Y the auditdfd dflebtiled the C. placentulaaggregate €. placentulawith and
without differentiation of varieties) with a relative abundance of %06.5% and 7.26 (Fig. 4). The
participants identified this aggregate with @8 to 16.36, with an average of 7% relative
abundance (n=39)Therefore the counting results of three participants differed distinctly from both,
the results of the auditors and the average of the participants, with,®.8% and 16.36 relative
abundances of th€. placentulaaggregate, respectiwe (Fig. 4).

. S DD S D S, L° E  raB”-----

- A a A
o N B O

Relative Abundance [%]

o N B O @

1234567 8 910111213141516171819202122242526272829303132333435363738394041424344
Participants Laboratory Codes

Figure 4 The relative abundance ofCocconeis placentulaggregate (Cocconeis placentula
C.placentulavar. lineata, C.placentulavar. euglyptaand C. placentulavar. placentulg determined

by each participantin the W{ (i NB I Y.(Blueibarg: Lgartieipants (laboratory codegtll), green

bars: auditors (laboratory codes 4i2). Orange horizontal dashed line = average of auditors.

Cocconeis placentular. lineatawas detected by 24 participants with a relative abdance of 0.26

to 12.1 % (average: 3%, n=24) inthe W{ (i NB | Y QFig.a9). YAlsii, 81 participants found
C.placentulavar. euglyptawith 0.5% to 7.5% (average: 3.%) (Fig. 6)C. placentulavar. placentula
was detected by 13 participants with @2 to 5.3% (average: 2.%) (Fig. 7) andC. placentula
without differentiation of the varieties by 16 participants with @8to 16.3% (average:
7.5%)(Fig8). Of these 16 participants, only four additionally identified one or more varieties of
C.placenula.

Two of the three auditors detecte@. placentulavar.lineatawith a relative abundance of 4% and
7.1 %.C. placentulavar. euglyptawas identified by two auditors with 0% and 2.0%. One auditor
identified C. placentulavar. placentulawith 4.8% (Fig. 57). Therefore the three varietieslipeata,
euglypta and placentulg are hardly distinguishable following theurcent taxonomic concept
(Platel).

Despite the difficulties of most participants in identifying the variefilcentula lineataand euglyta
of C. placentulano participants (and also no auditor) listed a taxon as determined with uncertainty
ORSaAAYIGARY 27 OFdda 2N | FFoav o
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12345678 91011121314151617 181920212224 252627 28 29 30 31 32 33 34 35 36 37 38 394041 4243 44
Participants Laboratory Codes

Figure 5 The elative abundance of. placentulavar. lineata determined byeach participanin the
Y {ed@nkd3ample Blue bars: participants (laboratory codestll), green bars: auditors (laboratory
codes 4244).

Relative Abundance [%]
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Participants Laboratory Codes

Figure 6 The elative abundance o€. placentulavar. euglypta determined byeach participantn
0 KS WdsamiES BIUE bars: participants (laboratory codedl), green bars: auditors (laboratory
codes 4244).

Relative Abundance [%)]
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Figure 7 The elative abundance of. placentulavar. placentuladetermined byeach participanin
0 KS WdsamNIBBIUE lars: participants (laboratory codes4ll), green bars: auditors (laboratory
codes 4244).
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Relative Abundance [%]
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Figure 8 The elative abundance of. placentulawithout differentiation of varietiesdetermined by
each participantt y i K SCsdihplé BIG® Ibars: participants (laboratory coded 1), green bars:
auditors (laboratory codes 424).

A detailed discussion about the taxonomic differentiation of the varietigSaafconeis placentuind

how to deal with theC. placentulaaggregate wherinferring the water quality using the German
PHYLIBnethod is provided in the report of the first German intercalibration exercise (Drel3ler et al.
2014). The importance of a harmonized differentiation of the varieties also becomes apparent, when
assessinghe water qualityusing the German PHYHhiithod. A different allocation of the very
common varieties may lead to different assessments. For example, if a single reference species
occurs with more than 4, the sum of the reference species abundancesdaged by 2@%, which

may easily reduce the water quality assessment by one class (e.g. from good to moderate). For most
lotic system watettypes, the varietieéineataand euglyptaare typespecific reference species. Thus,

if the C. placentulabundancesre allocated only to one variety, the 40 limit is more likely reached

than allocating the abundances to two varieties.
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Plate 1 Valves ofCocconeis placentulaarieties according to the taxonomic concept of Krammer &
LangeBertalot (19862004) from theW{ & NB I Y.(1-4: LlplackdtulBvar. placentula(as striae
density is 246 in 10 um), appearance more liké:placentulavar. lineata 5: raphe valve;6-13:
C.placentulavar. lineata (23 or less striae in 10 pm andore than five areolae / stria)14-15:
C.placentulavar.euglypta(21 striae in 10 um and 4 areolae / stria; rows of striae almost straight, i.e.
not distinctly zigzagging; however, both valves could also be identifi€dpdacentulavar. lineata, as

the characteristics also match).
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4.3.2 Gomphonema parvuluraggregate

In this intercalibration exercise the identification Gomphonema parvulurand its differentiation
from other Gomphonemaspeciesand its other formsgarvulumandsaprophilum posed problems

The auditors determined theG. parvulurmaggregate (includingG. parvulumvar. parvulum
G.parvulumvar. parvulumf. parvulumand G. parvulumvar. parvulumf. saprophilun) with relative
abundancesranging from 2.7-5.0% (average: 390 Ay (i KOSample{ (FitNID)yM6st
participants(37) found the aggregate with 0.% to 6.0% (average: 2.8 %). Three participants did not
detect any valves from thé&. parvuluraggregate (Fig. 9). According to Hofmann et al. (2013),
Gomphonema parvulumar. parvulummay be mistaken foG. exilissimumand G. innocensThe
latter was not identified by any participasin this intercalibration exercise. Howevés, exilissimum
was identifiedat low abundancesy four participants, of which only one participant indicatedme
ambiguity (0.26 of G.cf. exilissimumby Laboratory Code 33) (Fig. 10). The auditors did not
determine anyG.exilissimumk y (i KaBsahplél NS
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Figure 9 The elative abundance of Gomphonema parvuluraggregate determined by each
participant A y 0 K S Qsdhjplié.\Bfue Wars: participants (laboratory codedl), green bars:
auditors (laboratory codes 424). Orange horizontal dashed line = average of auditors.
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123 4567 8 91011121314151617181920212224252627 28293031 323334353637 383940414243 44

Relative Abundance [%]

Participants Laboratory Codes

Figure 10 The elative aburdanceof Gomphonema exilissimundetermined by eaclparticipantin
0 KS Wgadmpl&Raritipants: laboratory codes-41, auditors: laboratory codes 42.

According to the German instruction protocols (Schaumburg et al. 2011c & 2012) each diatom taxon
needs to be identified to the highest possible taxonomic lew@he auditor and 11 of the 38
participants that identifiedG. parvulumvar. parvulum, did not differentiate the forms (Fig. 1®).
parvulumvar. parvulumf. parvulumwas determined by two audits and 25 participants (Fig. 12). No
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auditor identified the formsaprophilum One participant identified only the forreaprophilumof
G.parvulumvar. parvulumwith a relative abundance of 6%. Three participants also identified
G.parvulumyvar. parvulun f. saprophilumin abundances <1.0 ¥ addition to the formparvulum
(Fig.13).
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Figure 11 The elative abundanceof Gomphonema parvulunvar. parvulum determined byeach
participantA y (i K SCsathpléRsdcipants: laboatory codes 341, auditors: laboratory codes 42
44,

(o]

o

S

Relative Abundance [%]
——
_
_
————
I
—

o

_
_
_
—
—
_
—
—
_
_
_
—

—

e

—
I
_
—

0
1 2 3 4 5 6 7 8 9 101112131415161718192021222425262728293031 32333435383738394041424344

Participants Laboratory Codes

Figure 12 The elative abundance of Gomphonema parvulumvar. parvulum f. parvulum
determined byeach participant Yy i K SCsabhplé.Rddicipants laboratory codes 41, auditors:
laboratory codes 424.
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Figure 13 The elative abundanceof Gomphonema parvulumvar. parvulum f. saprophilum
determined byeach participant y K SCsathpléPddicipants laboratory codes 41, auditors:
laboratory codes 424.
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Overall, the identification ofGomphonemaparvulum var. parvulum did not seem to pose any
problems to mostof the participantsin the intercalibration exercise. However, one participant
mistook G.parvulumfor G. exilissimumMost \alves ofG. parvulumvar. parvulumare wider than
valves fromG. exilissimun{Table 7). Additionally, small valves @. parvulumvar. parvulumare
more distinctly elliptieclub-like in shape compared to the more lanceolate shap&oexilissimum
(Hofmannet al. 2013; Plate 2). Additionally, the valve end$sofexilissimunare often sightly bent
(Hofmann et al. 2013)/ith 7-20 striae perlOum, the striae density o&. parvulunvar. parvulumis

very variable, whiles. exilissimunias a smaller range (2 striae/10 um) (Hofmann et al. 2013).
The two taxa can be distinguished relatively well by their length to width ratio (Juttner et al. 2013;
Table 7). It is important to separate these two taxa, as their (weighted) indicator values differ
distinctly in the German PHYLHbftware that assesses the water qualityTdble 10), and
identification affects the inferred ecological status class of the sample (Chapter 4.5).

Table 7 Characteristicdo compare Gomphonema parvulunvar. parvulum from G. exilissimum
(Hofmann et al. 2013*Jittner et al. 2013

Taxon Length (um) | Width (um) | Striae/10 pm | Length/Width
G. parvulunvar.parvulum | 10-36 5-8 7-20 <3.9
G. exilissimum 20-38 4.56 12-14 3.96.8*

As required,most participants differentiated the forms ddomphmema parvulumvar. parvulum
The results of the auditors and participants suggest thatthe G NB | Y @aindy lcovithilied the
form parvulum Morphologically, the formparvulumand saprophilumcan only be distinguished by
valve width according to Hofmaret al. (2013)(able8).

Table 8 Valve characteristicthat differentiate Gomphonema parvulunaar. parvulumf. parvulum
from Gomphonema parvulumar. parvulumf. saprophilum(Hofmann et al. 2013)

Taxon Length (um) Width (pm) Striae/10 pm
G. parvulunvar. parvulum 10-36 5-8 7-20
formaparvulum 5-6.5
formasaprophilum 6-8

Abarca et al. (2014) corrected the species diagnos&ahphonema parvuluraar. parvulumand
G.parvulum var. parvulum f. saprophilum and changed the latter to speciegvEl, i.e. to
Gomphonema saprophilurLangeBertalot & Reichardt) Abarca, R. Jahn, J. Zimmermann & Enke.
With the omission of the fornsaprophilumand the transitions othe other varieties to species level
(G. exilissimum G.lagenula and G. parvuliuy the variety and formparvulum have become
superfluous. Consequently, the above taxa are cal@inphonema parvulupG. saprophim and
G.exilissimumaccording to Abarca et gl2014) Table9). Following a slightly different new concept
(Levkov et al. 200)@he characteristics of formes.parvulumvar. parvulumf. saprophilumaccording
to LangeBertalot (1993) and following Hofmann et al. (20T3)§le8) is allocated to the range of
G.parvulum This recent taxonomic correction could bthe reason for participants not
differentiating the forms of5. parvulunvar. parvulum

Gomphonema parvulumnay also be mistaken f@. varioreduncundittner, Ector, E. Reichardt, Van
de Vijver & E.J. Coig. lagenulaKitzing andG. parvuliugLangeBertalot & E. Reichardtf)ange
Bertalot & E. ReichardG. varioreduncunis characterised btypically bent ends and is common in
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moderately acidic pH waters (Juttner et al. 2013). Valve&.¢dgenulaare not asheteropolar as
Gomphonema parvulupwhile G. parvuliusgs commonlysmallerand thinner.

Table 9 Important characteristics for the identificatioof Gomphonema parvulupG.saprophilum
and G. exilissimunaccording toJuttner et al. (2013), Abarca et al. (2014) ahdngeBertalot et al.
(2017)

Taxon Length | Width | Striae/ | Comment
(pm) | (um) | 10um
G. parvulum 22-29 | 5.07.5| 1220 | Valves lanceolate, linearly lanceolate or ovally

heteropolar, ends sholy rostrate

G. saprophilum | 22-27 | 6.0-8.0 | 12-20 | Valves clubike lanceolate, shape somewhat
rhomboid, ends only shortly protréed, head
polesare wider compared toG. parvulum

G. exilissimum 2039 | 4.36.0 | 12-16 | Valves thinly lanceolate and naviculoid, ends
slightly and shortly privacted, sometimes slightly
bent

Table 10 Saprobic valuesS( trophic valuesT) and weighting(G) of the Gomphonema parvulum
aggregate for lotic systems and lakes as listethénRHYLIB software (version D&cember 2015).

Taxon Lotic Systems Lakes

S G Tl G TINorth TISOUth G
G. parvulum - - - - - - -
G. parvulunvar. parv.f. parvulum - - 3.6 2.0 295 |- -
G. parvulunvar.parv.f. saprophilum | - - 3.6 2.0 295 |- -
G. exilissimum - - 0.7 2.0 098 |- -

We recommend using the taxonomic conceptlahgeBertalotet al. (2017) gummarizedn Table9)

when identifying and differentiating the spes Gomphonema parvulumG. saprophilumand
G.exilissimum LangeBertalot et al. (2017) is the supplemented, taxonomically revised and
translated (German to English) edition of Hofmann et al. (2013) and presents the revised taxonomy
of the three speciesiccording to Juttner et al. (2013) and Abarca et al. (204dgording toLange
Bertalotet al. (2017), Gomphonema parvulurand G. saprophilunare mainly differentiated by their

valve width (as also in Hofmann et al. 2013) and by the wider head pol€s sprophilum
compared toG. parvulun{Table9).

In the German PHYLtBftware for assessing the water quality (version,3Xcember 2015)
Gomphonema parvulurand G. saprophilunhave identichindicator values and weigh{gable10).
However, it is impodnt to enter the namegs. parvulumvar. parvulumf. parvulum(German data
processing number (BDR0.) 6158) andG. parvulunvar. parvulumf. saprophilumD\¢no. 16535) into
the current software. The namé&. parvulum(D\tno. 16572) has no trophior saprobc value (or
weighting) listed intie PHY LIBsoftware {Table10), and thereforethe relative abundances would not
be incorporated ito the assessmentGomphonema saprophiluris not (yet) listed in the PHYLIB
software (version 5. December 2015).
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To reducethe discrepancy of an assessment with the PH¥hRIBIng set that was based on the
taxonomic knowledge of 2003 and earlier (Mauch et al. 2003, from 2011) and the current taxonomic
concept (according thangeBertalotet al. 2017), we recommend a recourfttbe training set using

the recent taxonomic knowledge.
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Plate 2 Valves of th&somphonema parvuluraggregate 1-14) according to the taxonomic concept

of Krammer & LangBertalot (19862004) and Hofmann et al. (2013) fralee W{ (G NB I Y&nd, &l YLJX S
for comparisonG. exilissimum(15220 ¥ N2 Y Bahple. #3): IBdnphonema parvulunaar.

parvulum f. parvulum (due to a valve width of Bum), @-7): G. parvulumvar. parvulum f.
saprophilum(valve width: 6.88 um), 8-14): G. parvulunmvar. parvulumf. parvulumor f. saprophilum

(valve width: 66.5um).

Note: According to the new taxonomic concept of Levkov et al. (2016), the alveare exclusively
Gomphonema parvulurgKitzing) Kitzing.
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4.3.3 Navicula cryptocephala

Navicuh cryptocephalavas one of the dominant diatom speciestie W{ & NS I Y @ig. 44). YHel S
auditors determinedthe relative abundance oNavicula cryptocephalévar. cryptocephalato be
8.8%, 8.9% and 6.86 @verage 8.0%). Te participantsdetermined the relative abundance of

N. cryptocephala (var. cryptocephala to range from 5.0% to 28.9% @verage 9.9%). Two
participants (laboratory code$ and 14) documented some uncertainty about the taxonomic
allocation by listindNaviculacf. cryptocephalawith 4.6% and 7.4%, respectively. In contrast to most
participants, three participants did not deteany Navicula cryptocephalévar. cryptocephal® and

one participant detecteabviously too high abundancébig. 14)suggesting that they had problems
with the identification. Hofmann et al. (2013) list several species that can be mistaken for
N. cryptocephalaof which onlyN. venetawas determined in low abundances by severalticipants

and auditors (Fidl5). The comparison of the counting results N. (cf.) venetaand Navicula(cf.)
cryptocephalavar. cryptocephala suggest that they have been mistaken for each other by several
participants (compare Fig. 14 & 15).

Relative Abundance [%]

1234567 8 91011121314151617 181920212224 2526 27 282930313233 34 353637 383940414243 44
Participants Laboratory Codes

Figure 14 The relative abundance d®favicula cryptoephala, N. cryptocephala var. cryptocephala
and N. cf. cryptocephala determined by each participant in the tt8am' sample Blue bars:
participants (laboratory codes -41), green bars: auditors (laboratory codes-#49. Orange
horizontal dashed line = avage of auditors.

Relative Abundance [%]

123 456 7 8 910111213141516171819202122242526272829303132333435363738394041424344
Participants Laboratory Codes

Figure 15 The relative abundance dNavicula venetaand N. cf. veneta determined by each
participant n the W{ & NB I Y .OBlué bar:LifarBcipants (laboratory codestll), green bars:
auditors (laboratory ades 4244).Orange horizontal dashed line = average of auditors.
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Navicula cryptocephalgs usually larger and has a higher striae density tNawveneta(Table11).
Additionally, both species can be distinguisheith certainty using shape and striae entation.
Striae are distinctly more strongly radial M cryptocephalaompared toN. veneta(Plate 3). The

central area ofN. venetais relatively small and is commonly only made of two shortened central

striae on each side. In contradd, cryptocepha has a mediunsized, round to elliptical central area

(Plate 3).

For a definite identification ofN. cryptocephaland its distinction to similar taxa (e. . venet3, all
characteristicdPlate 3) that argrovidedin Table 1land Hofmann et al. (2013)eed to be taken

into account.

Table 11 .Characteristic$or the identification ofNavicula cryptocephale comparison ta\. veneta
Source: Hofmann et al. (2013).

Taxon Length (um) | Width (um) | Striae/10 pm | Comment
N. cryptocephala 20-40 5-7 14-18 Striaestrongly radial
N. veneta 1330 4.46 13.515 Striae weakly radial
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4.3.4 Nitzschia paleacea

w»

Nitzschia paleaceavas oneof the abundant diatom species in thg{ G NB I Y (Fig.&l6).YThi
auditors determined\itzschia paleacewith relative abundancgof 6.0%, 43 % and 3.26 (average:
4.5%). The participants determined the relative abundanek Nitzschia paleace@ range from
0.2% to 10.1 %average 3.6%; n33). Sevenparticipants did not detect aniitzschia paleacea
Theseresults suggest that identifyin§itzschia paleaceat all and in appropriate abundances posed
problems to participants, i.e. distinguishingighspecies clearly from other taxa was problematic
(Fg.16). Only one participant (Laboratorpd® 19) indicated some uncertainty about the taxonomic
allocation by listingN. cf. paleaceawith 0.25%.

Relative Abundance [%]

1234567 8 910111213141516171819202122242526272829303132333435363738394041424344
Participants Laboratory Codes

Figure 16 Sum of the riative abundanceof Nitzschia paleaceand N. cf. paleaceadetermined by
eachparticipant in theW{ (i NB I Y. Blueiblar¥: pafrti€ipants (laboratory coded1), green bars:
auditors (laboratory codes 424).Orange horizontal dashed line = average ofitud.

According to Krammer & Langgertalot (1999) and Hofmann et §2013),Nitzschia paleacemay
be mistaken forN. archibaldii N. palea N. gracilisand N. graciliformis The latter was either not
determined or excluded from the count according tmiwcol by the participantsas this species is
planktonic.

Nitzschia archibaldivas determined with a relative abundance of 3620 3.5 % (average: 34) by
0§KS | dzRA (i 2 NEQsampleand kvigh zek] (GONFartickpants) t6.7% by the participarst

(Fig.17). Seven participants did not identify eithdk. archibaldiior N. paleacea(Fig. 16 & 17)
suggesting some overall problems with identifying taxa in thizschia genus. Also, three
participants identified distinctly above average abundancedN.opaleaea but no N. archibaldii

valves, suggesting a misidentificationdfarchibaldiwith N. palexea(Fig.16 & 17).

The Nitzschia paleaaggregate gee detailed discussion in the next Chap#eB.5) can also be
mistaken forN. paleaceand were idetified with relative abundances of 7%, 7.8% and 4.4%6 by
the auditorsin the W{ i NB | Y QFig.a19,YQhkip®er 4.3.5Some participant results indicate
problems with distinguishing thesiitzschiaspecies.On average, the auditors identifieditzschia
paleaceawith relative abundances o#.5%, N. archibaldiiwith 3.4% and theNitzschia palea
aggregate with 6.86. In contrast, one participant only identifidd paleaceavith 10.1 % of the three
taxa, while three participants mainly identified thBlitzschia palesaggregate with relative
abundances of >1% (Fig. 14.8).
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Figure 17 The relative abundancef Nitzschia archibaldiidetermined byeach participant in the
W{ G NB I Y.CBluei barg: L dartiipants (laboratory sl 141), green bars: auditors (laboratory
codes 4244).Orange horizontal dashed line = average of auditors.

Nitzschia gracililso occurred in tha?{ (i NB | Y @ith fow MlafiveSabundances (Fib8). Two
auditors determined this species with a relagiabundance of 2.% and 1.26 and 17 participants
with 0.24% to 2.5%(Fig.18). Two participants (laboratory codes 20 and @dgelled the valves with
GOFa @
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Figure B. Sum ofthe relative abundanceof Nitzschia gracilisand Nitzschiacf. gracilis determined
by each participant in théV { (i NB | Y. ®Rartigigantd_Eib&atory codes #1, auditors laboratory
codes 4244.

According to the depited counting results (Fig. 1B3) many participants had difficulties with

identifying Nitzschiaspecies. This assorts well with the results from the first German intercalibration
exercise (Dreller et al. 2014). In any case, all characteristics need to be considered for a definite
identification. One characteristic is the presence (or&aSy OSo 2F | OSYyiGN}f y2R
visible by the greater distance between the two middle fibulae compared to the remaining fibulae.

This gap is present M. paleacegTable 12. In contrast, the middle fibulae &f. archibaldiiN. palea

andN. gracilisk NS SljdZARA&GFY G (G2 (GKS NBYFAYAY3 FAOdzZ I S3
characteristics include the valve length and width, fibulae density andsififle the striae density. As

several characteristicneasurementranges often overla@mong speciesT@ble 12 Plate 4), it is

essential toalso consider the valve shape.
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Table D. Slected characteristics for thielentificationof Nitzschia paleaceaN. archibaldij N. palea
N. gracilisandN. graciliformis Sources: Krammer & LanBertalot (1999), Hofmann et al. (2013).

Taxon Length | Width | Fibulae/ | Striae/10 | Comment
(em) | (pm) |10pm | um
N. paleacea 8-55 154 |1419 n.a. SEM: | with gap, ends écutelyrounded)
44-55) gradually narrowed
N. archibaldii 1540 | 2-3 14-19 n.a. SEM: | without gap, tapering towards
46-55) acutely rounded, sometimes weakl
capitate ends
N. palea 1570 | 255 |9-17 2840 without gap, wedgeshaped acutely
roundedends
N. gracilis 30-110| 2.54 | 1218 3842 without gap, ends gradully
narrowed or extended rather
abruptlyrostrate
N. graciliformis | 58150 | 2-2.5 | 1621 n.a. (SEM:| with gap, ends first graduléy
45-60) narrowed and therstrongly

protracted rostrate

n.a. not visible using light microscopy, SEM = visible using scanning electron microscopy
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Plate 4 Comparison ofNitzschia paleaceawith similar taxa from the W{ 4 NB I Y Q1-9& | YLX S
N. paleacea 10-17: N. archibaldiior N. paleavar. debilisdue to valve width 02.5-3.0um, length of
18.527.5um and 1418 fibulae in 10 um; shape corrammls more withN. archibaldiin Fig. 1612

and more withN. paleavar. debilisin Fig.1517 or with N. lacuumin Fig.13 and 14 18-23:
Characteristics (width: 3-:3.9 um, length: 37.@1.0 um, 1317 fibulae/10 pm) correspond to

N. paleavar. tenuirostris and N. gracilis shape is more similar tN. paleavar. tenuirostris;, 24-26:

N. archibaldiidue to valve width(2.7-3.0 um), length (22:85.0 um) and fibulae density (4&//10

pm); However, characteristics also matdhpaleavar. tenuirostrisand, witha valve length > 30 pm

(i.e. Fig. 24 and 25), also matbdhgracilis 27: N. graciliformis (valve not from a sample of this
intercalibration exercise)Also compare to Figures on Pl&e
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4.3.5 Nitzschia paleaaggregate

IntheW{ (i NB I Ythe NitAscvid JiaG-aggregate includehl. paleaN. paleavar.debilis N. palea
var.palea, N. paleaar.tenuirostris N. cf. palea, N. pale&f. var.debilis N. paleacf. var.paleaand

N. paleacf. var. tenuirostris The auditors identified theéNitzschia paleaggregée with relative
abundancs ranging from 4.%.8% (average: 6.86) (Fig. 19 The participantsdetermined this
aggregate with 3.26 to 23.246 (average: 9.%4 n=39. The high variability of identified abundances
and the fact that four participants did natetect any valves from thélitzschia paleaggregate
(Fig.19) indicate difficulties with the identification of this aggregate.
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Figure B. The relative abundancef Nitzschia(cf.) palea-aggregatedetermined byeach particiant
in the ${ G NB I Y QBlud@ barsLJa8icipants (laboratory codes4ll), green bars: auditors
(laboratory codes 424).0Orange horizontal dashed line = average of auditors.

Nitzschia paleacan be mistaken foN. gracilisand N. archibaldii(both detailed in the previous
Chapterd.3.4) as well af. pumila N. pura N. fruticosa and N. intermedia(Krammer & Lange
Bertalot 1999, Hofmann et al. 2013), all of which have no central nNdgumila N. puraand
N. fruticosawere not determined by the auditsror participants inth&’{ 4 NS Y.Q & YLJX S

Nitzschia intermediavas identified by two auditors with relative abundances of%.and 2.4 %, i.e.
apparently this species was present in g 0 NI I Y.(Thisispe¥iegdfwas also identified by 13
participantswith 0.5% to 2.4%(Fig. 20.
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Figure D. The elative abundanceof Nitzschia intermediadetermined byeach participant in the
W{ G NB I Y. fartisigantslldbdBatory codes-#1, auditors: laboratory codes 424.
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Species wh a central node thalNitzschia paleanay be mistaken for ar®\. paleacedadetails in
Chapter 4.3.4) andll. capitellata(Krammer & Lang8ertalot 1999). The latter was determined with
relative abundances of 0.5, 0.25c40.5 % by the auditors (Fig.)2Most participant results indicate
no problems with the identification dfl. capitellata An exception is thé %relative abundance of
N. capitellata by one participant suggestingonfusionwith other Nitzschiaspecies (Fig. . For
example, this participandid not identify any valves from théNitzschia paleaggregate or
N.archibaldii(Fig. 17 and 9).
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Figure 4. The relative abundancef Nitzschia capitellata ¥ar. capitellata) determined byeach
participant in theW { (i NS&rhp¥ Barticipants laboratory codes #1, auditors: laboratory codes 42
44,

Six participants listed onlNitzschia paleaand none of its varieties. Therefor¢hey did not
differentiate Nitzschia paledo variety level (Fig. 225), despite the postuladn by the instruction

protocol and as necessary for an exact water quality assessment by PHYLIB (Schaumburg et al. 2011c
& 2012, se€Table 14. One participant (Laboratoryo@e 6) labelled the relative abundances (2

of the Nitzschia paleaggregate W 1t K ¢ OF ®a I YR | y 2 (NKpSldavatdediiBakdO A LI y
N. paleavar. paleain addition toN. palea Six participants andne auditordid not list anyN. palea

var. paleafor the W{ i NI I Y, Qut étherklLpbl&varieties, suggesting thaheir listed Nitzschia
paleaprobably referred ta\. paleavar. palea(Fig. 2-25).
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Figure 2. The relative abundancef Nitzschia(cf.) palea (listed without differentiation of varieties)
determined byeach participant inhe W{ (i NB | Y. artisiganfsLidb@atory codes 41, auditors:
laboratory codes 424.

Two auditors identifiedNitzschia paleaar. paleawith relative abundances of 3.3% and $6/7and 24
of the 40 participants of the intercalibration exercise withd® to 80% (average: 3.%o,
n=24)(Fig23).
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Two participants (laboratory codes 19 and 37) labelled their abundances fop®&t 4.26 with

& O MNitzdctha paleavar. debiliswas identified with relative abundances of 3%and 1.8% by two
auditorsand with 0.24% to 13.9% (average: 4.1 %) by 23 participants (Fig. 24). The remaining 17
participants did not list this varietyNitzschia paleavar. tenuirostriswas determined with 0.86,
3.0% and 0.P6 (average: 1.%) by the three auditors and with.2% to 9.3% (average 2.%)
relative abundanceby 23 participants in th&?{ (i NB | Y(@®ig.25).Y LI S
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Figure 23 The relative abundanocaf Nitzschia palegcf.) var.paleadetermined byeach participant
intheW{ (i NB | ¥ Bartiéigantsldboratory codes 41, auditors: laboratory codes 424.
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Figure 24 The relative abundanagf Nitzschia palegcf.) var.debilisdetermined byeach participant
intheW{ (i NB I V. Bartiéigantsldbdatorycodes 141, auditors: laboratory codes 424.
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Figure 25 The relative abundancef Nitzschia palea(cf.) var. tenuirostris determined byeach
participant in theW { i NJB I Y. Rartisigantslabdatory codes 41, auditors: hboratory codes 42
44,
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As shown above\litzschia paleanay be mistaken for otheXitzschiaspeciesNitzschia paleaisually

has a lineatanceolate to linear, seldom a lanceolate shape (Hofmann et al. 2013). Typical are their
wedgeshaped narrowed,acutely rounded ends Table 13. These characteristics need to be
considered together with their given width, length, fibulae density and striae density for
distinguishing them from similar speciééitzschia paleaceéChapter 4.3.4) antlitzschia capitellata
candzadzt ft t & ©6S RA&AGAYy3IdAAKSR o6& GKS LINBaSyoOosS 27
fibulae) fromN. palea Nitzschia intermedias usually well distinguished froi. paleaby their low

striae density and on average bigger size (often >5um wide tlecdst 40um long) Table 13.

The distinctions of the varietieprovided in Hofmann et al. (2013Table 13 are rather coarse:
N.palea var. debilisis narrower compared td\. paleavar. palea and linear ¢lanceolate with a
fibulae- and striae density rar the high range of the specigd. paleavar. tenuirostrishas a valve
width in the small tomediumrange and more or less strongbyotracted valve ends. Valves within
the mediumto large widthrange without the specifics of the other varieties shoutddllocated to
the nominate varietypalea

N. paleavar. debilisis very similar ta\. archibaldij which is on average narrower (Hofmann et al.
2013, Table 13. Trobajo et al. (2009) measured a valvieth of 2.85.1um from 25 clone cultures of
N. paleafrom various freshwatebiotopes worldwide and a valve widtk 3.1 um for N. paleavar.
debilis This valve width would enable an unambiguous distinctionNto archibaldii (2-3 um).
Additionally,N. archibaldiihas on average a higher fibulae density-{®4fibulae/10 pm)compared

to N. paleavar.debilis(9-17 fibulae/10 pm)

DifferentiatingN. paleavar.tenuirostrisfrom N. graciligs also very difficult (Hofmann et al. 2013, see
also Plate 5) and remains ambiguous even after examining the type ialatgversonal
correspondence: BarWVan De Vijver). In Sweden, the two species are currently separated based on
the visibility of the striador their water monitoring. If the striae are visible (provided the microscope
has a high resolution), the valver&gher N. paleavar.tenuirostristhan N. gracilis.
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Table B. Garacteristicsto compare Nitzschia paleafrom similar Nitzschiaspecies and to
differentiate the varieties oN. palea Sources: Krammer & LanBertalot (1999), Hofmann et al.
(2013). *Trobajo et al. 2009 (explanations see text).

Taxon Length | Width | Fibulae/ | Striae/10 | Comment
(pm) | (@m) [10pm | pym
N. palea 1570 | 255 |9-17 2840 without gap, wedgeshaped acutely
(2.857)* roundedends

N. paleacea | 8-55 1.54 | 1419 n.a. SEM: | with gap, ends écutelyrounded)
44-55) gradually narrowed

with gap, ends wedgeshaped and
often capitate usually constricted

N. capitellata | 20-70 | 3.56.5 | 10-18 3540

valvemiddle
_ . n.a. SEM: | without gap, tapering towards aately
N. archibaldii | 1540 | 2-3 1419 46-55) rounded, sometimes weakly capitate
ends

N. gracilis 30110| 2.54 |12-18 | 3842 without gap, ends gradually narrowed
or extended rather abruptly rostrate

N. intermedia | 40-200 | 4-7 7-13 20-33 without gap, striae easily
distinguishable and appearing dett

N. paleavar.palea medium to large valve width, witha specifics of other varieties

N. paleavar.debilis narrower thanN. paleavar. paleaandlinearlanceolate fibulae and
striae density within high range

N. paleavar.tenuirostris | small to nedium valve width, more or lessrongly protractedends
n.a. not visible using light microscopy, SEM = visiblgsianning electron microscopy.
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Finally, we recommend to obligatory consider all characteristics (valve dimensions and shape) when
identifying Nitzschia paleand its varietiesThe partly large difficulties to unambiguously allocate

these taxa, may be due to the sometimes ambiguous taxa descriptitheiidentification literature.

Still, hardly any participants labelled relative abundéng 2 F (GKS &l ENd aa hdE& 6 O
NEO2YYSYyR (2 RSB &WF GSroocn(Tfdz2 dzat @ ARSYGAFASR G EL
in writing and photographically. Despite the discussed difficulties of unambiguous distinction of the
varieties and he separation oN. paleafrom similarNitzschiaspecies, aidentification of these taxa

to the highest possible taxonomic level is essential for the water quality assessmeifiafdecl .

Table #. Saprobic valuesS), trophic valuesT) and weightingG) of the Nitzschia paleaggregate
for lotic systems and lakes as listed in the PHYLIB soffwersion 5.3December 201p

Taxon Lotic Systems Lakes

S G T G Thorth | Tlsoutn G
N. palea - - - - - - -
N. paleavar.debilis - - 2.3 1.0 - - -
N. pdeavar.palea - - 3.3 3.0 3.05 - -
N. paleavar.tenuirostris - - - - - - -
N. paleacea 2.7 3.0 2.3 2.0 35 5.0 3.0
N. capitellatavar.capitellata| 3.4 2.0 3.8 5.0 7.29 - -
N. archibaldii 1.9 3.0 2.0 20 - - -
N. gracilis 1.3 4.0 2.5 20 - - -
N. inrermedia 2.9 20 5.74 5.0 3.0
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Plate 5 Comparison oNitzschia paleand varieties with similaNitzschiaspecies from thal{ (i NB I Y Q
sample 1-2: N. paleavar. debilisdue to valvedimensions (width: 3.:3.4 um, length: 2123.0 um,

fibulae: 1617/10 um), 3-8: N. palea var. palea(width: 3.54.0 um, length: 28.36.5 um, 1615
fibulae/10um),9-14: Characteristics (width: 3-2.9 um, length: 37.41.0 um, 1317 fibulae/10 pum)
correspond to bothN. paleavar. tenuirostrisand N. gracilis shape is more similar td. paleavar.
tenuirostris, 15-16: N. capitellata (valve not from theb { G NB I Y)C17-20:IN Yiritétrr@dia Fig. 18

and Fig20 also show characteristics df. palea var. paleaas striae density is relatively higl-25:

N. (cf.) palea var. palea due to valve length (< 40 um), fibulagl2-13/10 um) and striae (29
30/10um; except Fig.2with >> 30) density22-23 with cf., as valve width > 5umlso compare to

Figures on Plate 4.
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4.3.6 Panothidium lanceolatumand P.frequentissimum

The auditorsdetermined the Planothidium lanceolatuAfrequentissimurrcomplex with relative
abundancesanging from3.7-4.3% (average: 3.96) in theW{ (G NB I Y (Fig. 26). Yhi¥ cBmplex
included Planothidium frequentissimum(var. frequentissimun), P. lanceolatum Achnanthes
lanceolata ssp. lanceolata Achnanthes lanceolataggregates Achnanthes lanceolatassp.
frequentissima var. rostratum, Planothidium frequentissimumvar. minus and Planothidium
frequentissimumvar. magnum Most participants (37) found this complex with2.3% to 7.6%
(average: 4.%6, n=37)Three participants did nadetect any valves from thiBlanothidiumcomplex
(Fig. 26).Therefore most participants did not seem to have problems to allocate valves to this
complex

For the Planothidium lanceolatuArequentissimurrcomplex, only one participantisted the
outdated names Achnanthes lanceolataggregate(D\Vno. 6244)with 3.0% relative abundance
(Fig.27) and Achnanthes lanceolatassp. frequentissimavar. rostratum with 1.5% (Fig. 28).
Therefore the subspecieslanceolata (now called P. lanceolatuh and frequentissima (now
P.frequentissimum were not differentiated to a sufficient taxonomic resolution and allocated to an
incorrect subspecies as ssp./vaystratum (now P. rostratun).
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Figure 26 The relative abundanceof Planothidium lanceolaturAfrequentissimumcomplex
determined byeach participant in théP { G NB I Y. Blueiblary’ prtiSipants (laboratory codes 1
41), green bars: audits (laboratory codes 424). Orange horizontal dashed line = average of
auditors.
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Figure 27 The relative abundancef Achnanthes lanceolataggregate (DVio. 6244)determined by
2yS LI NIGAOALI yi dEEnfplzS o6 N Ay GKS W{IiINBIY
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Figure 28 The relative abundancef Achnanthes lanceolatassp. frequentissimavar. rostrata
determined byone participant (blue bar) inth¢{ 4 NB I Y.Q al YLX S

The auditors exclusively identifieBlanothidium lanceolatum(1.0% 1.3% and 0.7% relative
abundances) an®. frequentissimun(B3.3% 2.5%and 2.9%) from this complex, as most participants
did too (Fig. 29 and 30). Some participants (laboratory sotle 31 and 40) only identified
P.lanceolatumand noP. frequatissimum suggesting some misidentifications (compare Efyand
30). One participant (Laboratoryo@e 14) only listed the outdated taxa namdehnanthes lanceolata
ssp.lanceolatafor P. lanceolatum
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Figure 29 The relativeabundanceof Planothidium lanceolatumand Achnanthes lanceolatassp.
lanceolata determined byeach participant in theV{ G NB | Y.(Blugibary: Lghrtipants, green
bars: auditorsOrange horizontal dashed line = average of auditors.
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Figure 30 The relative abundanceof Planothidium frequentissimum(var. frequentissimumn)
determined byeach participant in théV { i NI I Y. 8luegbard pdfti@pants, green bars: auditors.
Orange horizontal dashed line = average of auditors.

Furthermore one participant identifiedPlanothidium frequentissimumar. magnum(1.3% relative
abundancg and one participant determine®lanothidium frequentissimurnaar. minus with 0.5%
(Fig. 31 and 32).
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Figure 31 The rehtive abundanceof Planothidium frequentissimumvar. magnum determined by
one participant (blue bar) inth#{ G NB I Y.Q &l YLX S
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Figure 32 The relative abundancef Planothidium frequentissimunvar. minus determined byone
participant (blue bar) inth&?{ 4 NB I Y.Q al YLX S

Planothidium lanceolaturand P. frequentissimunwere the most abundant taxa from this complex.
Therefore their distinction is discussed in the following.A YA f I NJ G2 (GKS KSNB
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sample,both specia often cooccur inassemblagesStill, theyhave different indicator valueis the
PHYLIBoftware(Table 19, leading to different water quality assessments with different abundances

of each species. ValvesPflanceolatunare more elliptical with broder rounded ends compared to
P.frequentissimum(Table 15 Plate 6). Despite overlapping ranges, the dimensions should still be
considered for the distinction as P. lanceolaturvalves are on averagelonger than
P.frequentissimunmvalves. The araphid vage Ol Yy 6S RA &0 Ay JldzktddkoB &ne 60 &8 (1 K ¢
side ofi KS OSYGNIf | NBIF ® ¢ KPlancedlatud@aives(Platei6:Fig. 18 SidNS & 4 A 2
appears to have ablurred delimitation dza Ay 3 f A3IKG YAONR&aO2LR O LYy (
P.frequertissimumvalves is formed by a cayBlate 6:Fig. 12), with an edge that appears as arched

lines (horseshoshaped) in the light microscope and thus appears distinctly delimitedble¢ 15

Plate 6).

Planothidium lanceolatumand P. frequentissimunmay have been mistaken for Planothidium
rostratum and Achnanthes lanceolataar. rostrata (Fig. 28) which represent two different taxa
(LangeBertalot 1993; Bak & Langgertalot 2014), but are still listed as one speciesrpstratun) in
Hofmann et al. (2013). dwvever, the rostrate ends dP. rostratum(and also ofA.lanceolatavar.
rostrata) separate thispecies well fronfPlanothidium lanceolaturandP. frequentissimum

According to the recent taxonomic knowledge, the variet®anothidium frequentissimurwar.
magnum (Laboratory @de 4) andP. frequentissimunvar. minus (Laboratory @de 16) should be
separated from Pfrequentissimunvar. frequentissimumThe indicator values of the varieties differ
in the PHYLIBoftware that assesses the water qualifyabk 16). P. frequentissimumaar. minusmay
be separatedfrom the other varietiesdue to their roundelliptical valve shape andlso their
relatively short length(Table 1%. Substantially more difficulto impossibleis the differentiation of
the other varidies (frequentissimurmand magnum)from each other.

Other taxa that may be mistaken for taxa from this complex are, for exanfldubium
P.biporomumandP. incuriatum(seeb QDdzSa &ly SG | fd wamnT 2S8SG1 St Si

Finally, we recommend to use all chateristicslisted in Hofmann et al(2013)and also the valve
shape to differentiate Planothidium lanceolatumand P.frequentissimum This is particularly
important for separating the raphe valvd$a definite allocation of the raphe valve is impossilbte
valves should be treated the same way as valves in girdle band \iewsfter the count, these
raphe valves should be allocatéal all possibly fittingaxaaccording to their relative abundanckn

the PHYLHBoftware, the abundances @®.frequentissimumonly contribute to the water quality
assessments, if the varietieseadifferentiated (Table 15 and L6As the differentiation of the
varieties is often difficult based on the here presented characteristics, valves that can not
unambiguously ballocated to a variety, should be listed Rdrequentissimun{D\tno. 36209).

The PHYLiBoftware version 5.3from December 2015loes not list anytrophic values for the
varieties of Planothidium frequentissimunfor lotic systems probably inadvertentlyln contrast,
version 5.3from February 2016lists them again (as previous versions have)(Table 16). We
recommend to document such changes in the data set in detail, when revising the RbftliBe,

e.g. in the software version documentation file.

51



Report SecondGerman intercalibration exercise benthic diatoms 2014420 €

Tale 15. (haracteristicdor the identification ofPlanothidium lanceolatupP.frequentissimurmand
P.rostratum Sources: Straub (1985), Hofmann et al. (20I8xa are listedvith their German d&a
processing number (dmumber) (Mauch et al., 2003, versi@911).

Length | Width Striae/

Taxon Comment
(um) | (um) 10pm
1015 . f dZNNBR RSt AYA
P. lanceolatun{26048) 6-~40 | 4510 (raphe on araphid valve, shape rather
valve) elliptical with widely rounded
Two arched lines clearly delimit
horseshoeF 2 NY¥ SR & &l
P. frequentissimui36209) | 4-30 3.57 13-20 araphid valve, shape more
strongly lanceolate thaR.
lanceolatum
P. frequentissimunaar.
magnunt (26046) 12-25.5 | 4.35.9 14-17
P. frequentissimundar. 610 | 355 | 1320 | Round-elliptical shape

minus) (26047)

Rostrate protractedends,
P. rostratum(26057) 10-13.5 | horseshoed KI LISR @& & |
araphid valve

Ddescribed a®\chnanthes rostrataar. magng 2 described a#\chnanthes rostrataar. minor.

Table B. Saprobic valuesY, trophic values Tl) and weighting @ of Planothidium lanceolatum
P.frequentissimun{and varieties) andP. rostratumfor lotic systems and lakes as listed in fidYLIB
software (version 5.3from December 201%nd *from February 2016 For more information se

text. Taxa are listed with theiGerman déa processing number (evumben (Mauch et al., 2003,
version 2011)

Taxon Lotic Systems Lakes

S G TI G Thorth | Thouth G
P. lanceolatun{26048) - - 33 3.0 1.15 - -
P. frequentissimur(36209) - - - - - - -
P. freqvar. frequentissimun§16606) - - 2.8* 3.0* 2.28 - -
P.freq. var. magnum(26046) - - 2.8* 3.0* - - -
P.freq. var. minus(26047) - - 2.8* 3.0* - - -
P. rostratum(26057) - - - - - - -
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Plate & Comparison oPlanohidium lanceolatumand P. frequentissimurfrom the W{ 4 NS YQ & Y LJ
(Fig. 113), as well agdrawingsfrom the original description (Straub 1985) for the differentiation of

the varietiesmagnumand minusof P. frequentissimuniFig. 1422). 1-3: P. lanceolatm: (1) raphe

valve,(2-3) NI} LIKAR @It @S 6AGK OKI NI OG48NR fréghedtissimiurn2 G & 0 G
left =raphe valve, rightl NI LIKAR @It @Sy GaLRia 2y ,12M3:SEHA R O f
pictures (by Bvan de Vijver; givencale does not apply herefl2) P. frequentissimuM & & L2 G & A 2
formed by a cave(13) P.lanceolatuny & aLJ2 i a A 41418 PR&UINIBsimarivary >
magnumdepicted in Straub (1985)9-22: P. frequentissimumar. minusdepicted in Straub (1985).

53



Report SecondGerman intercalibration exercise benthic diatoms 2014420 €

4.4 Details of taxonomic problems inth&’[ | { SQ &l YLX S
4.4.1 Achnanthidium minutissimurraggregate

The identification ofAchnanthidium minutissimurand similar taxa often posed problems, as already
noted in the first German intercalibration exercise for benthic diado(@rel3ler et al. 2014). This

species and similar taxa occurred in both tHé | 1 S Qand theWi{Ji 1B | Y. Blergy weYfdclis S
ontheW[ I | S Q asithe ¥pedieSwas more abundant there.

In the W[ I 1 S Q sevérayta¥a $f thé\chnanthidium minutissium-aggregate and similar taxa
were identified by theauditors and participants of this intercalibration exercise. Herthe
Achnanthidium minutissimuraggregate includes:A. minutissimum A.minutissimum (cf.) var.
minutissimum A. minutissimurr(cf.) var jackii, A. lineare A.(cf.)caledonicumA. (cf.) eutrophilum
A.affine and A.sublinearis(Fig. 33) Additionally, Achnanthidiunpyrenaicum A. saprophilumand
A.straubianumwere determined occasionally by some participants. Three participants did no
determine any valves of the genefghnanthidiunor Achnanthesn theW[ I 1 S Q(Fig B3Y. LJX S

The auditors determined theéAchnanthidium minutissimuraggregatewith relative abundance
ranging froml4.6-17.8%(Fig. 33)Most participants(37) found theaggregateo range from7.0% to
24.2% (average: 15.%, n=37)(Fig. 33). Noticeable, four participants determined distinctly below
average abundances. One of these participant additionally identified valves from the genus
Achnanthidiumwith 5.5%, and thee participants additionally identified valves from the genera
Achnanthidiumand Achnantheswith 8.6%, 8.1% and 9.84. Therefore these four participants and

the three participants that did not identify any valves from the aggregate (Fig. 33) seenvéo ha
fundamental difficulties to identify and differentiate species of the genéchnanthidiumand
Achnanthes

w
o

[
(4]

[*]
o

Relative Abundance [%]
> o
]

o

o

1234567 8 910111213141516171819202122242526272829303132333435363738394041424344
Participants Laboratory Codes

Figure 33 The relative abundance dfchnanthidium minutissimurraggregatedetermined by each
participantin the W[l IS Q & BldelhlirsS participants (laboratory coded1l), green bars: auditors
(laboratory codes 424). Orange horizontal dashed line = average of auditors.

Of the Achnanthidium minutissimuraggregate nine participants listeethnanthidium minutissimum
(without further differentiation of the varieties) (Fig. 34), of which five participants did not list any
varieties in addition to the aggregate (Fig. 34, 35 & 37).
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Figure 34 The relative abundance éfchnanthidium minutissnum determined by each participant
intheW[ I 1 S Q Blaelbafd: JpaBicipants.

Within the Achnanthidium minutissimuraggregate the auditors identifiedAchnanthidium
minutissimumvar. minutissimumwith the highest relative abundances of 184} 8.8% andl1.1% in

the W[ I 1 S Q (Fig.|3%).Laff he 40 participants, 30 also determined the relative abundance of
A.minutissimumvar. minutissimumto range from 1.66 to 23.1% (average 14.%, n=30).0One
participant (Laboratory @e 36) additionally listed\. minutissimumcf. var. minutissimumwith a
relative abundance of 2.%.

All auditors identified the relative abundance A€hnanthidium linearéo be 2.4%, 3.4% and 1.8%.

Only five participants also identified this species @%). Two auditors andeseral participants

determined Achnanthidium minutissimungcf.) var. jackii with mainly low relative abundances

(<1.6%; onced.7%) in theW[ I 1 S Q(Fig. B7Y. Ainb&uity during the identification was indicated

GAGK GOFTda o0& 2y Sde Uyzend twa pHErticppnits §l@obitary2chides 2/ add 30).
Additionally two auditors and eight participants determined eutrophilumin theW[ I { S Q(Fig. I YLJX S
oyos 2F SKAOK 2yS | dZRAG2NI o[ I 6 2 NIhdisarhsBauditoPa®IlS no 0 f
12 participants listed\. caledonicum One auditor (Laboratory code 43) and five participants labelled

GKA&a GFE2Yy G6AGK aOFda o6 CA I DA affideonith 6!3% 2Bd50.24) 62 LI N
respectively (FiglO) and two other participantdeterminedA. sublinearewith 0.39% (each) in the

W[ I 1 SQFiga)Y L} S

L L i

e RN N M M e —. .-

Relative Abundance [%]

5 | NN NI B B e B N B ' O N ' B B B B T B B B B N O e B O N = - = o

0
12345678 910111213141516171819202122242526272829303132333435363738394041424344

Participants Laboratory Codes

Figure 35 The relative abundance ofchnanthidium minutissimum(cf.) var. minutissimum
determined by each participam the W[ | { S Q Blaelbds1artiRipants, green bars: auditors.
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12345678 910111213141516171819202122242526272829303132333435363738394041424344
Participants Laboratory Codes

Figure 36 The relative abundance éfchnanthidium linearedeterminedby each participanin the

W[k

Relative Abundance [%]
N
(4]

1 S Q Blaelbafd: haicipants, green bars: auditors.

12345678 91011121314151617181920212224 252627 2829 3031323334 353637 38394041424344
Participants Laboratory Codes

Figure 37 The relative abundance @&chnanthidium minutissimuncf.) var.jackii determined by
each participanin theW[ I 1 S Q Bléelbafd:JhaSicipants, green bars: auditors.
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Figure 38 The relative abundance oafcmanthidium (cf.) eutrophilum determined by each
participantin theW[ I 1 S Q Blaelbafd: JpaSicipants, green bars: auditors.
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Figure 39 The relative abundance ofchnanthidium (cf.) caledonicum determined by each
participantin theW[ I 1 S Q Blaelbafd: JaBicipants, green bars: auditors.
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Figure 40 The relative abundance @chnanthidium affinedetermined by each participarih the
W[ I 1 S Q Blaelbafd:Jhaicipants.
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Figure 41 The relative abundance @&chnanthidium sublinearedetermined by each participarih
the W[ I 1 S Q Blaelbafd: JpaSicipants.

Important characteristics of théchnanthidium minutissimuraggregate and other, occasionally

determined taxa by the auditors and participants in g | 1 S Qaredstimfmializesl iTable 17

- Achnanthidiumminutissimumvar. jackii (~26 striae/10pum) may be mainly distinguished from
A.minutissimumvar. minutissimum (~30 striae/10um) by their striae densityAdditionally,
Morales et al. (2011) state that the presence of a fascia (crossband) in the central area on the
raphevalve distinguishesA. minutissimum var. jackii. However, according to Potapova &
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Hamilton (2007) the fascia is not always present asd akccurs occasionally @nminutissimum
var. minutissimumvalves (Novais et al. 2015). Thus, the fascia is an ambiguous characteristic.

- The identification and distinction gkchnanthidium linear@and A. sublineards important from
an ecological viewpoint and therefore, for the water quality assessment. Both species typically
occur in waters with very low nutrient level¥gn de Vijver et al. 2011). The valves of both
species are often shorter and thinnek.(lineareonly on average) and. sublineardhas a higher
striae density compared t&. minutissimunvar. minutissimum(Table 17.

- Achnanthidium caledonicumhas more linear valves with broadly rounded capitate ends
compared toA. minutissimumvar. minutissimum(Table 1J. However, valve dimensions dn
shape overlap widely between the two species.

- Achnanthidium #ine can be distinguished fromA. minutissimumvar. minutissimummainly by
their lower striae densityValves ofA. dfine are on average wider and the raphe valve laas
characteristic, buttefly-shaped crossband (fascia).

- Achnanthidium saprophiluthas a more compact valve shape (mainly shorter) and rbozadly
rounded ends compared té. minutissimumvar. minutissimum Valve length, width and striae
density of both taxa overlap greatlyfdde 17). Therefore often a certaindifferentiation is
difficult.

Note that the names Achnanthidium minutissimunvar. minutissimum and Achnanthidium
minutissimum var. jackii are outdated according to current taxonomic concepts that use
Achnanthidium minutsimum and Achnanthidium jackiiinstead [angeBertalot et al. 2017).
However, we used the former names here according to the German standard identification literature
(Hofmann et al. 2011 & 2013) and PHYddBware.
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Table Tr. Characteristicdor the idertification of Achnanthidium minutissimumar. minutissimumin

comparison tosimilar taxa, as well as other species determined by the participants of the
intercalibration exercise in th#[ | 1 S Q Rvalvey=LipiSe valve, Sources: Hofmann et al. (2013)

and others (see below).

Taxon Length | Width Striae/10pum Comments
(um) | (um)
A. minutissimum 5-25 254 ~30 Striae in the central area (CA)
var. minutissimum irregularly shortened (oneor
both-sided), Rvalve: rarely a fascig
1)
A. minutissimum 5-25 254 ~26 2 Rvalve: CA usually with fascia
var. jackii
A. lineare® 9-135 | 2228 |2832 Valves with parallel margins,
widely rounded ends, not rostrate
Rvalve: CA with rectangular fasci
A. eutrophilum 4-19 35 2327 Rhombic shape, length to width
ratio relatively large
A. caledonicum 10-35 2.7-3.8 | ~30 Broadlyrounded, capitate ends
A. affinis 8-30 3.55 Mid: 22-24, Rvalve with a butterflyshaped
Ends: 30 fascia
A. sublinearé 7515 |1.52.1 | Mid: 3334 Striaedensity
Ends: ~36
A. pyrenaicum 6-35 3-6 Rvalve: (15)20 | Striaedensity
27(40); araphid
valve: @ 184
A. saprophilum 8-15 34 Rvalve: Broadlyrounded ends
Mid: ~28
Ends: ~32
A. straubianum 6-10 34 2529

Daccording tdNovais et al. 2015} according to Potapova & Hamilton 2007, Miaset al. 20113 according to

Van de Vijver et al. 2011

Characteristics to differentiatAchnanthidium eutrophilugA. pyrenaicunmand A. straubianumfrom

A.minutissimumvar. minutissimumare presented and discussed in detail in the report of the first

German intercalibration exercise (Drel3ler et al. 2014).

Overall, we support the recommendations of the first intercalibration exercise (Dreliler et al. 2014)
on how to identify Achnanthidium minutissimumear. minutissimumand similar taxa. Again, we
emphasze that both need to be incorporated, the valve dimensions and additional characteristics

(shape, specific features), to identify all diatom objects to the highest possible level (as postulated). If

an allocation to a species (or taxon) is ambiguous dueverlapping characteristics, we recommend
FOO2NRAY At &

G2 f10St
of the problem).

iKS
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25-29 30-32

Plate 7 Comparison oAchnanthidium minutissimurwith simil NJ G EI}  FNRBY G(KS W[ ]
Table 17)1-9: A. minutissimum 30 striae/10um, 10-16: Dimensions (17:20.5um long, 2.42.7 um

wide, 2830 striae/10 um) correspond té. minutissimum but the shapeis ratheratypical, valves

are too large forA.lineareand too small for bothA. caledonicumand A. neomicrocephalumbut

@t @Sa FINB Fftaz2 AAYAEFN 2 WLI NI A Odz Adidadthes | NNE &
minutissim& A Y Y NI Y B&thlbt 2008; Plsted3®7-30, p. 60 and p. 313espectively)17-

24: Dimensions (842.0 um long, 2:8.3 um wide, 280 striae/10 um) correspond taA.
minutissimum not A. eutrophilumor A.saprophilumdespite fitting shapes, as some valve width are

too low and the striae are too dengéor A. eutrghilum), 25-29: Achnanthidiumsp. (28-30 striae/10

pm), due to valve width (1:2.2 pum) that doesnot correspond to A.minutissimum var.
minutissimum A. sublinearewith higher striae densityA.linearewith different shape and usually
GARSNI  aAX WXMAIONIK & NI & y I NNB-E:AGdcki PRAY O0ESSY[ 0 RBOY®
for comparison, 31 and 32 depict both valves of the same frustule: (a) raphe valve, (b) araphid valve;
fascia (crossband) visible in the central area of both raphe val@esn(@®31).
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4.4.2 Cymbella vulgataand other Cymbellaspecies

The auditors identifiedCymbella vulgatas the second most common species in¥#é I { SQ &l Y LJX
They determined the relative abundance of this species to be %3.00.26 and 8.4 (average:

10.6%) In contrast, only 19 of 40 participants listed &ymbella vulgatand partly with distinctly

below average abundances (Fig. 42), indicating severe difficulties with the identification of this
species. Only one participant (Laboratory Code 26) indicatgdambiguity of the identification by

labelling a relative abundance of 2:4 gA UK aOFdéd hyS LI NIAOALI yi
C.vulgatavar.vulgata In the followingwe only use the nam€.vulgata

-
=

-
n

1 2 3 4 5 6 7 8 9 10111213141516171819202122232425262728293031 323334353637383940414243
Participants Laboratory Codes

-
o

Relative Abundance [%]

o N OB O o

Figure 42 Therelative abundance ofCymbella(cf.) vulgata (var. vulgata) determined by each
participantin theW[ | 1 S Q Blaelbats:Jpaficipants (laboratory coded1l), green bars: auditors
(laboratory codes 424). Orange horizontal dashed line = average oftatsl

The certain identification of the gen@ymbelladid not pose a problem to most participant$ the
intercalibration exercise. @y three participants identified the relative abundance of this genus to be
distinctly below or abos the auditor averag abundanceFig. 43).

Relative Abundance [%]
[\8]
o

1234567 8 910111213141516171819202122232425262728293031323334353637383940414243
Participants Laboratory Codes

Figure 43 Sum of the relative abundanoé all Cymbellataxa determined by each participanh the
W[ | 1 S Q Blaerbatd:JaKicipants (laboratory coded ), green bars: auditors (laboratory codes
42-44). Orange horizontal dashed line = average of auditors.

Several species can be mistaken @ymbella vulgatanamelyC. excisaC.excisiformis C.parva

C.perparva C. hungaricaC. maggianaand C. novazeelandianéKrammer 2002). The latter three

species were either not found at all or only occasionally by the participants itvthe { SQ al Y LJX
(Fig 44).
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A5 e
B Cymbella vulgata (cf.) (var. vulgata)

40 | O Cymbella (cf.) cymbif. (var. cymb.)

[ Cymbella excisa var. excisa
35 B Cymbella affinis (sensu Krammer, 2002) U
= 0 [ Cymbella affinis (sensu Krammer & Lange-Bertalot, 1986)
a‘;‘ --------- OCymbella (cf) parva T
e ] lla (cf.
% 25 | Cymbella (cf.) perparva L
'E [ Cymbella excisa
_g 20 | B Cymbella (cf.) excisiformis
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S - T - OSSO () SOPY 1 SO U  SORSSR
®
r H
Z 10 BB gl [ =g | SN ED - R -
0 I T T T \*‘| T T T T T T T T T T T T T T T T T T T T 1

T LN S R B B S P B R R S S B EEN R S N S R

1234567 8 910111213141516171819202122242526272829303132333435363738394041424344
Participants Laboratory Codes

Figure 44 Cymbellataxa that were identified with a relative abundance of at leasto3by a
participant or auditorm the W[ I { S Q Blaek rélatie Sibundance @ymbella vulgatacymbif =
cymbiformis participants laboratory codes 41, auditorsiaboratory codes 424.

Next to Cymbella vulgatathe auditors additionally determine@. cymbiformiwar. cymbiformisand

C. kappiiwith low relative abundances (Fig. 45 and 4i).contrast to the auditors, participants
apparently identified the latter a€. perparvaAsC. kappiandC. perparvare hardly distinguishable
using light microscopy, they are presented tdw® in one figure (Fig. 45)Participants that
determined the elative abundances of these spectesbe distinctly greater than 46 Eig. 49, likely
misidentifiedthe more abundantC. vulgata Similarly, distinctly higher abundances thai2 % of
C.cymbiformis (var. cymbiformi3 in the W[ I { S Q alsh lindidaile Hossible misidentifications of
C.vulgata (Fig. 46) Other Cymbellataxa that participants identified with relative abundances of
more than 3% also likely indicate misidentifications. Thes&atdanclude C.excisa(var. excica,
C.excisiformisC.parva C.affinis and C. affiniformig(Fig. 44). Despite these apparent difficulties of
identifying and differentiatingCymbellataxa, especiallC. vulgata hardly any identifications were
labelled wth cf., i.e. listed as determined with ambiguity or listed at genus le@gimpellasp)
(Fig.47).
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Figure 45 The relative abundance @fymbella(cf.) perparva(blue) andC. kappii(green, exclusively
identified by the auditrs) determined by each participantintde[ I {1 SQ & YLX S
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Figure 46 The relative abundance @ymbella(cf.) cymbiformis(var.) cymbiformisdetermined by
each participant in thaV[ I { S Q Blael:CY dyihbormivar. cymbibrmis green:C. cymbiformis
light green:C.cf. cymbiformis Participantsiaboratory codes #41, auditorslaboratory codes 424.

Relative Abundance [%]

123 4567 8 910111213141516171819202122242526272829303132333435363738394041424344
Participants Laboratory Codes

Figure 47 The relative abundance of ambiguously determined species from the dgeynnbella
(Cymbellacf., blue) as well a€ymbellasp. (not further differentiated, orange) determined by each
participant in theW[ | { S Q Paitticipantis®oratory codes #41, auditors laboratory codes 42
44,

Similar to the other, already presented and difficto identify taxa/aggregates, for a definite
identification of theCymbellaspecies all characteristidisted in the identification literature need to

be taken into account. According to tlappropriateidentification keys, especially the areolae déysi
(points / 10um), the presence and number of stigmata, valve width and valve shape are necessary
characteristics to identify the correct groups (Krammer 2002, Hofmann et al. 2013). Other important
characteristics to distinguish the specieslude the leigth to width ratig the shape ofthe valve
endsand theshape of theproximal raphe ends.

When using all listed characteristickaple 18, Cymbella vulgatsshould be identifiable without
ambiguity, especially when taking the size atdpeof a valve ito account, as well as the areolae
density @0-24(25)points / 10um), the length to width ratio and the presence of one ventral stigma.
Cymbella vulgat@anbe distinguished fronC.excisaand C. excisiformiby the areolae density and
shape of the valveends. C.affinis and C. affiniformishave more than one stigma 2 and two
stigmata, respectively), a higher areolae density and a smaller length to width ratio compared to
C.vulgata Cymbella parveC. perparvand C.kappiialso have a higher areolaemsity and a smaller
length to width ratio compared tdC.vulgata Cymbella cymbiformjghat apparently was mistaken

for C. vulgataby only two participants (Fig. 46), is usually bigger t@avulgata and has distinctly
coarser areolaeTable 1§.
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As detiled by the authors of Hofmann et al. (2013), they had difficulties to select the most common

700 diatom species presented in their book, particularly for certain genera @gmbelly. They

point out that probably not all relevant species were includedr exampleCymbella perparvgor

C.kappi), C. affiniformisand C. hungaricaare not included in Hofmann et al. (2013). Accordingly,
Krammer (2002) should additionally be used to iderflfymbellaspecies (see alsechaumburg et al.

2011c, 2012)Specsa GKIF G OFly 2yfé o6S ARSYGAFTFASR | YOAIdz2
Cymbellssp) and documented (pictures) accordingly.

Table B. Slected characteristics for the identification Gymbellavulgatain comparison tasimilar
taxa and to otherCymbellataxa that were determined by participants and auditors in ##¢ I 1 S Q
sample Sources: Hofmann et al. (2013) and Krammer (2002).

Taxon Length | Width | Length/ | Striae/ Areolae/ | Comment
(um) (um) Width 10 um 10pum
C. vulgata 2056 | 7.8 upto 52 | mid: 812 20- 1 ventral
10.7/ ends: up to 14 24(25) stigma, ends
12.7 rounded but not
protracted
C. excisa 1741 | 6-10.7 | 3.1-3.8 mid: 913 2532 1 ventral
ends: 1214 stigma, distinct
dorsiventral
shape, ends
protracted
C. excisiformis | 1844 | 6-9 4.25.3 mid: 911 24-30 1 ventral
ends: up to 16 stigma, distinct
dorsiventral
shape, ends
protracted
C. affinis 17-34 | 7.59.5 | upto 4.0 | mid (dorsally): 27-32 2-4 ventral
(sensu 10-13 stigmata, ends
Krammer 2002) mid (ventrally): rostrate
1315
ends: up to 17
C. affinibrmis | 23-34 | 7.48.7 | up to 3.9 | mid: 10612 28-30 2 ventral
ends: 1415 stigmata, ends
protracted
C. parva 1547 | 7-10 up to 4.5 | mid: 911 28-30 1 ventral
ends: up to 13 stigma, ends
bluntly
rounded, not
protracted
C. perparva 22-46 | 6.48.7 | upto4.8 | mid: 912 2529 1-3 ventral
ends: ~12 stigmata
C. kappii 2258 | 7-10.5 | upto 4.8 | mid: 812 22-24 2-4 ventral
ends: 1115 stigmata
C. cymbiformis | 40-105 | 13-17 | upto 6.0 | mid: 710 16-20 1-2(3) ventral
ends: up to 15 stigmata
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The relative abundancef Cymbdh vulgataand C. perparva/kappi{on average determined by the
auditors to be 12.26) do not contribute to the water quality assessment of ¢ I 1 S Qwhar Y LJ S
using the German PHYkitethod, because these species have raphic indicator values (Tablk).

This reduces the reliability of the inferred assessment (see ChapterCyBibella cymbiformisnly
contributes to the assessment, if entered @scymbiformis var. cymbiformi&erman D\ho. 6979).
Therefore, the relative abundandeom the 16 paricipants that listedC.(cf.)cymbiformis(D\tno.

36033) instead, do not contribute to the assessment when using the PiéthBd (Fig. 46). This
emphasizes the necessity to recount the PHYLIB training set according to the current taxonomy to
ideally geneate indicator values for each species.

Table B. Saprobic valuesS, trophic valuesTI) and weighting@) of Cymbella vulgatasimilar taxa
and taxa that were identified by participants and auditors in#g¢ I 1 S Q foiildticysydteis a
lakes adisted in the PHYLIB softwanee(sion 5.3December 201p

Taxon Lotic Systems Lakes
S G TI G TlNorth TlSouth G

vulgata - - - - - - -

excisa - - - - - - -

excisaar.excisa | - - - - - 4.1 2.0

C.
C.
C.
C.

excisiformis - - - - - 2.4

1.0

C. affinisensu

1.0

5.0

1.6

2.0

0.48

15

3.0

Krammer 2002)
C. affiniformis 1.2 4.0 0.7 4.0 1.09 - -

C. parva - - - - - - -

C. perparva - - - - - - -

C. kappii - - - - - - -

C. cymbiformis - - - - - - B

C. cymbiformis 1.0 5.0 1.8 3.0 0.71 1.3 2.0
var.cymbiformis

65



Report SecondGerman intercalibration exercise benthic diatoms 2014420 €

S

e Ragaad i LLIULY:

——

——
Yy,

ety

I I e

—_—

aasdbadiiiiddlll i}

TE

.:......»»mmm‘»muumm..,....

sessdddbibsabadiibisss
.:\""”'WY1’?“"“/‘,,

=

-
-
-
-
-
-

AL R R R RRRLAMALS

TR L L\ AR TTTFTTANSAZASE

ettt

LA L1 LTI

7 Pt T E ¢
I/’“{

16-19 20

Plate 8 Cymbella vulgataand other Cymbellaspecies in comparison from th¢/[ | { SQ 1- & YLX S
C.vulgata 10-15: C. perparvar C. kappiiareolae density (280 areolae / 10 um) is characteristic of
C.perparva while the width of Fig. 135 arecharacteristic ofC. kappii 16-19: C. cymbiformis20:

C.helvetica

66



Report SecondGerman intercalibration exercise benthic diatoms 2014420 €

4.4.3 Encyonopsis minutand E. subminuta

Encyonopsis minutand E. subminutavere abundant in the?[ I { S Q The landitdfs Kentified
the relative abundance oE.minuta to be 8.2%, 11.46 and 8.36 (average: 9.%) and of
E.subminutato be 6.8%, 4.0 and 3.8% (average: 4.%; Fig. 48 and 49). Eight participants did not
identify anyE. minutaand nine participants did not determine afy subminutanthe P I { SQ . &l YL} S
The remaining participants determined the relative abundanc& ofinuta to range from 0.6% to
20.5% (average 11.%, n=32; Fig. 48) and Bhcyonopsis subminuta range from 0.6%6 to 13.6%
(average 5.00, n=31; Fig. 49). Only the paigEnts with laboratory codes 4, 26 and 3b. (minutg
and codes 32 and 3&( subminutalabelled the identification oEncyonopsispecies as ambiguous
0a0FTPa0d ¢KS f I OEncydribpsispécies andt the/ soryicimes disiinktSidldaton
from the average of the auditor relative abundances (Fig. 48 & 49) clearly demitengtestification
difficulties.
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Relative Abundance [%]
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1234567 8 910111213141516171819202122242526272829303132333435363738394041424344
Participants Laboratory Codes

Figure 48 The relative abundance &ncyonopsigcf.) minuta determined by each patrticiparh the
W[ I 1 S Q Bléelbafd:JpaBicipants (laboratory codeg1), green bars: auditors (laboratory codes
42-44). Orange horizontal dashed line = average of auditors.

Relative Abundance [%)]

1234567 8 910111213141516171819202122242526272829303132333435363738394041424344
Participants Laboratory Codes

Figure 49 The relative abundance &ncyonopsigcf.) subminutadetermined ly each participanin
the W[ I 1 S Q Blad berkJfpaticipants (laboratory codegl), green bars: auditors (laboratory
codes 4244). Orange horizontal dashed line = average of auditors.

Difficulties identifying Encyonopsispecies were already apparenduring the first German
intercalibration exercise, particularly the exact allocation to the species level withiErbgonopsis
genus (Dreliler et al. 20143imilaty, most participants of this intercalibration exercise recognised
the genusEncyonopsig¢Fig. 50). Two participants determiné&ziymbella microcephalaccording to
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Krammer & Lang8ertalot (19862004) (Fig. 51) which may correspond t&ncyonopsisninuta,
E.subminuta or other Encyonopsispecies according to recent idemtiition literature. Thse
Encyonopsispecies are now independent species. Two other participants did not identify any
Encyonopsispecies noC.microcephalawhile one participant determined distinctly above average
abundances oEncyonopsispecies (Fig. 58nd 51).
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Figure 50 The relative abundance &ncyonopsisp. and alltaxa within the genusdetermined by
each participanin the W[ I { S Q Blaelbafd:JpaBicipants, green bars: audit@sange horizontal
dashed line = average of auditors
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Figure 51 The relative abundance @ymbella microcephala@etermined byeach participanin the
W[ I 1 S Q Blaelbafd:Jhaicipants.

Next to E. minutaand E. subminuta participants and auditors of the intercalibratiorke¥cise

identified additional Encyonopsispeciesin the W[ I 1 S Q: E& mivtadépBalaE. krammeri
E.thumensis E.eifelang E.rostrata and E.subfonticola sometimes determined with ambiguity

0t 0StftSR gAGK aOFdauv ® hifiédeEncpoyopsisnkrbcephadtaduithiaK NB S |
relative abundance of 3.%). Similarly, 17 participants determined the relative abundandeg. (ff.)
microcephalao range from 022 o0 f | 6 St f SR S6A(Rigk52)1 A, twio 0f thie@ auditgrsd y
determined E.krammeri with low relative abundances in th&’'[ | 1 S Q (Fi.b3Y. LTveédve
participants also identified this species with low relative aburmis and alswith 6.4% abundance

and with 15.8%, respectively (Fi§3). Three participants (laboratorpdes 3, 16 and 26) labelled the
FAYRAY3IA 6AGK aOFdad Ol YOATdz2dzA ARSYOGAFAOFNGAZ2Y a0
E.thumensisto be 4.8% (Fig. 54). Two participants (laboratory codes 4 and 6) identified

E.cf. thumensiswith low abundance (Fig. 54). Additionally, few participants identified eifelana
(laboratory codes 2 and 6 with 19 and 8.%%, respectively)e.rostrata (Laboratory Code 2; 7%)

andE. subfonticolgLaboratory Code 2; 1%).

68



Report SecondGerman intercalibration exercise benthic diatoms 2014420 €

Overall, the often inconsistent county results distinctly indicate great problems identifying
Encyonopsispecies.
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Figure 52 The relative abundance &ncyonopsigcf.) microcephaladetermined by each participant
intheW[ I 1 S Q Blé& barst farficipants,rgen bar auditor.
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Figure 53 The relative abundance &hcyonopsigcf.) krammeri determined by each participann
theW[ I 1 S Q Bléelbafd:Jhaicipants, green bars: auditors.
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Figure 54 Therelative abundance dEncyonopsigcf.) thumensisdetermined by each participarin
the W[ I 1 S Q Blaelbafdplirtipants, green bar: auditor

A detailed discussion of the taxonomic differentiatiorBpfcyonopsispecies, especially &. minuta
E. subminutg E. microcephalaand E. krammeri,is provided in the report of the first German
intercalibration exercise of benthic diatoms (Drel3ler et al. 2014). Also given are recommendations on
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how to deal with these species when using the German PHivklibd for assessing the water

guality of lakes and rivers (DreR3ler et al. 2014). Important characteristics for the identification of the
Encyonopsispecies that were identified by the participants and auditors inWg I 1 S Qareéi | Y LI S
summarised irmmable 20

As already suggested in Drel3ler et al. (2014), we recommend to take all characteristics into account
that are provided in the iderfication literature to differeniate Encyonopsisspecies. Ideally
Krammer (1997b) is used as identification literature, the selection of Encyonopsispecies
presented in Hofmann et al. (2013) are often not sufficient. If Krammer (1997b) is not available
(volume is out of print), the diatom valves should be well documented (pictures). We recommend an
exchange with colleagudkat possess the volume.

Table20. Characteristis for the identification oEncyonopsis minu@andE. subminutan comparison
to similar taxa and other taxa that were identified by the participants and auditors in#thel { S Q
sample Sources: Hofmann et.§2013) and Krammer (1997b).

Length | Width | Length/ | Striae/
(um) (um) Width 10 um
E. minuta 8-17 2.835 |4.9 24-25 Valve width! Ends without shoulde

Taxon Comment

E. subminuta | 10-25 3.445 | max.~6| 23-26 Valve shape usually symmetrical,
ends without shalders

E. microcephalg 10-23 3542 |54 2325 Ends usually capitate with shoulde
on both sides

E. krammeri 11.523 | 2.63.8 |upto7 | (27)28 | Striae density!

30(32)

E. thumensis 9.518 | 3.54 up to 2326
4.5

E. eifelana 11-17 3.436 |upto 2324
4.7

E. rostrata 8-17 3-3.8 up to 1921
4.3

E. subfonticola | 9-19 34 up to 19-22
4.8

12

Striae density!

DFigure sourcesKrammer (1997b)
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1-10

St| 220 | 225 | 225 | 24.0 | 225 23.0 | 23.0 | 23.5| 23.3 | 25,5 | 23.3 | 24.0 | 25.5 | 24.0 | 24.8 | 24.0

20-35

Plate 9 Encyonopsis minuta, E. subminlita/ R & AYAf I NJ GF EF Ay O2YLLI NAR&2Y
10: E. (cf.) minuta (width: 3.1-3.6; striae/10 um: 23.24.8) with cf. for width >3.5um11-17:

E.subminuta (width: 3.54.0; striae/10 pm: 23.25.0) 1819: E. cf. minuta, 18 Dimensions

correspond toE.minuta, shape more similar t&. subminutal9: according to dimensions this valve

could beE.minuta, E.subminutaand E. thumensisHowever, shapéoes not really correspond well

to either species20-35: Encyonopsisp., an unambiguous allocation of these valves is not possible,

despite the incorporation of all identification characteristics (shape, width and striae density, see also

Table 19) possible are:E. subminutaE. thumensise. minutaor E. krammeri W= valve width, St =

number of striae / 10 um of valve above numbers.
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4.4.4 Fragilaria (Pseudostaurosira) brevistriata

Fragilaria brevistriatavas one of he common species in tH¢[ I 1 S Q Tha aulitbdé determined

the relative abundance ofragilaria brevistriatato be 6.6%, 7.6 and 8.3%0 (Fig. 55). The
participants of the intercalibration exercise identified the relative abundanck. direvistriata(also
listed asF.brevistriatavar. brevistriata, Pseudostaurosira brevistriatar Staurosira(cf.) brevistriatg

to range from 0.8 to 11.5% (average 5.2, n=36). Four participants did not determine any
F.brevistriatain the W[ I 1 S Q (Fig. I55). LThisSlack of identification and théatve abundances
that distinctly deviate from the auditor average (Fig. 55), suggest difficulties with the identification of
F.brevistriata

Next toFragilaria brevistriatahe auditors and/or participants identified other smédtagilaria taxa
inthe I 1 S Q : A pinhatiivad. pinnatalvar. lancettula F. construengcf.) f.venter, F. lapponica

and F. (cf.) elliptica (Fig. 56). The auditors determined the relative abundancé.pfnnata (var.
pinnata and var.lancettulg) to be 1.2, 2.6% and 1.26. The participants identified the relative
abundance of.pinnatato range from 0.26 to 5.7 (average: 2.%)(Fig. 57). The lack of detection
and the identification of relative abundances that distinctly deviate from auditor average abundances
(Fig. 57 suggest some difficulties with the identificationfopinnata.
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Participants Laboratory Codes

Figure 55 The relative abundance &fragilaria (cf.) brevistriata (var. brevistriata) determined by
each participanin the W[ I { S Q Blaelbard:JpaBipants, green bars: auditors. Orange horizontal
dashed line = average atiditors.

T
14

Relative Abundance [%]

o N B O @

1234567 8 91011121314151617 181920212224 2526272829 3031323334 35363738394041424344
Participants Laboratory Codes

Figure 56 Sum of the relative abundancef small Fragilariaspeciesincluding Fragilaria (cf.)
brevistriata (var. brevistriatg), F.pinnata var. pinnatalvar. lancettula F. construengcf.) f. venter,
F.lapponica, F.(cf.) elliptica determined by each participanin the W[ I { S Q. Biué batsf S
participants (laboratory codes -41), green bars: auditors (laboratory codes-#49). Orange
horizontd dashed line = average of auditors.
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Relative Abundance [%]
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Figure 57 The relative abundance &fagilaria pinnatavar. pinnata/var. lancettula determined by
each participanin the W[ I 1 S Q Blaelbafd:JpaRicipants, green bars: auditors. Oeahgrizontal
dashed line = average of auditors.

The counting results are also relatively diverse Foagilaria construengcf.) f. venter, which was
determined by the auditors with relative abundances of on averagedid theW[ | { SQ al Y LJX
(Fig.58). Tle participants determined the relative abundanceFogilaria construengf.)f. venterto

range from zero (15 participants) to 34 (Fig. 58). Additionally, some participants identified
F.lapponicaandF.(cf.) ellipticawith low abundances (Fig. 59¢ 60).
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Figure 58 The relative abundance dfragilaria construens(cf.) f. venter determined by each
participantin theW[ I 1 S Q Bléelbafd: Jaiipants, green bars: auditors.
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Figure 59 Tre relative abundance ofragilaria lapponicadetermined by each participanh the
W[ | 1 S Q Blaelbafd:JhaSicipants.
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Figure 60 The relative abundance @&fragilaria (cf.) elliptica determined by each participarih the
W1 SQ aBlugrbaik: Participants.

The taxonomic distinction ofragilaria brevistriatato the other, here mentioned similar taxa, is
discussed in detail in the report of the first German intercalibration exercise (DreRler et al. 2014) and
also summaried inTable 21

Table 2. Characteristics for the identification Bfagilaria brevistriatan comparison tasimilar taxa
that were identified by the auditors and/or participants in tHe] I 1 S Q Sauidces:IHbfifann et al.
(2013) and Krammer & Langertalot (19862004).

Taxon Length | Width Striae/ | Comment
(Lm) (Lm) 10 ym
F. brevistriata | 5-30 3-7 12-17 Striaestronglyshortened and marginal,
(more?) extensive axial area
F. pinnata 3-35 2-8 5-12 Striae usually parallel
F. construens | 4-9 3-6 1921 Stiae parallel, shape: elliptic, elliptic
f. venter lanceolate to rhombic
F. lapponica 10-30 3-6 6-10 Striaestronglyshortened and marginal
F. elliptica* 3-10 2.86 11-16 Striae dotted (areolae visible)
(more?) (more?)

*Pseudostaurosira trainorédccordingo recent taxonomy.

During the past years and decades, several taxa were split, recombined and renamed within the
group of small fragilarioid diatoms (e.g. Williams & Round 1987, Morales 2001, Edlund et al. 2006,
Morales et al. 2014 und 2015). These chanlgel to various names of the same taxon, depending on
the identification literature or publication used and added uncertainty to the already existing
taxonomic problemsTherefore we recommend to use the now established allocatiorEgilaria
brevistrata to Pseudostaurosirand of F. pinnataand F. lapponicato Staurosirellaaccording to
Hofmann et al. (2013). Also, the data listed in the German Pk$éttizare andthe German DV
number register (Mauch et al. 2003, version 20dé¢d to be harmonized aordingly. For example,
there are three different DWho. listed forF. brevistriata(F.brevistriata 36079,F. brevistriatavar.
brevistriata 6388 andStaurosira brevistriatal6616), and®seudostraurosira brevistriateas no DV
number Table22). The dF F SNB y G A | (0 A 2 y-a RIF ORiSetistriati CRMNIBE 9) (rdtn

the nominate varietybrevistriata(D\:Nr. 6388) is superfluous, as no additional varieties exist or are
part of the German PHYLt&ining set. Therefore these changes would premt that relative
abundances of. brevistriatado not contribute to the water quality assessment, when using the

a ¢ NB vy -Ac (Table22; see also Chapter 4.5).
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When using the German PHY4hBthod for the water quality assessment, it is still necessaryase

the identification on Hofmann et al. (2013) and the supplementary identification literature given in
the instruction protocols (Schaumburg et al. 2011c, 2012). Here, the taxonomy of these species
mainly follow Krammer & Langertalot (19862004), @& the training set of the PHY kiiethod was
generated based on this older literatur€herefore the use of the Hofmann et al. (2043xonomy
ensures the applicability of the PHYiBthod (Dreliler et al. 2014).

We recommend to record and document any daxames that deviate from the Dgistry Mauch
et al. 2003, version from 201&jd the identification literature (or publications) that these names are
based on, to enable a later allocation to the appropriate name.

Table 2. Saprobic valuesS, trophic values Tl) and weighting &) of Fragilaria brevistriataand
similar taxa (including the various naming) that were identified by auditors and/or participants in the
W[ | 1 S Q fodldticrssteisrad lakes in the PHYLIB softwéversion 5.3December R15).

Lotic Systems Lakes
S G TI G Thorth Tlsouth G
F. brevistriata 36079 - - - - - - -
F. brevistriata
var.brevistriata
Staurosira
brevistriata
Pseudostaurosirg
brevistriata
F. pinnata 36086 - - - - - - -

F. pinnatavar.
pinnata

Taxon DV-no.

6388 1.3 4.0 3.0 1.0 2.81 - -

16616 1.3 4.0 3.0 1.0 2.81 - -

6078 1.4 3.0 2.2 1.0 - - -

Staurosirella
pinnata

F. construens
f. venter
Staurosira
construens - - - - - - - -
f. venter
F. lapponica 6403 - - - - 2.5 - -
Staurosirella
lapponica

F. elliptica 6400 - - - - - - -

6828 - - 2.3 2.0 - - -
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Plate 10 Comparison oFragilaria(Pseudostraurosijabrevistriataand similar taxa from th&?[ | 1 S Q
sample 1-14: F.brevistriata Grunow according to Hofmann et al. (2013)-1) these valves may

also be determined asPseudostaurosira ellipticaccording to Edlund et al. (2006)15-19:
Fragilaria(Staurosirellapinnata, 20: Fragilaria ellipticcSCHUMANNKPseudostawsira trainori).
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4.45 Navicula cryptotenella and N. cryptotenelloides

The auditors determined the sum of the relative abundance N#vicula cryptotenellaand
N.cryptotenelloidesto be 7.0%, 9.0% and 8.7 % in th&[ I {1 S Q (Fig.6Y).LTheSparticipants
identified the relative abundance of both species to be on averag@®(B=38). Two participants
did not detect these specie3herefore N.cryptotenellaand/or N. cryptotenelloidesvere identified
by most participants, with some participants determinidgstinctly below average abundances
(Fig.61).

T  dhd l e PP
. i, D D D L D P
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Relative Abundance [%]
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Participants Laboratory Codes

Figure 61 Sum of the relative abundanceof Navicula (cf) cryptotenella and
N. (cf.) cryptotenelloidesdetermined by each participarih the W[ I 1 S Q Blaelbafd:JpaSicipas
(laboratory codes #1), green bars: auditors (laboratory codes4). Orange horizontal dashed line
= average of auditors.

The auditors determined the relative abundanceNavicula cryptotenelloidet® be 6.2%, 8.0 % and

7.5 % (Fig. 62). The partiants determined the relative abundance Nf cryptotenelloideso be on
average 7.% (n=34), while six participants did not detect this species (Fig. 62). Some participants
additionally listed low relative abundances of.cf. cryptotenelloides indicaing an ambiguous
identification (0.4% by laboratory codes 26 and 33; @8by Laboratory Code 1&.4% by
Laboratory Code 36).

Relative Abundance [%)]

o N O

12345678 910111213141516171819202122242526272829303132333435363738394041424344
Participants Laboratory Codes

Figure 62 The relative abundance dfavicula(cf.) cryptotenelloidesdetermined by each partipant

inthe W[ I 1 S Q Blad barsJfpaticipants, green bars: auditors. Orange horizontal dashed line =
average of auditors.
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Navicula cryptotenellanly occurred with low relative abundances in td I 1 S Q(Fig. b3Y. Mhie S
auditors determined the rative abundances d\l. cryptotenellato be 0.8%, 1.0% and 1.26, while

the participants identified relative abundances of on average%2.2The participant average was
slightly higher than the auditor abundances due to distinctly higher abundance8o(70310.3%)
determined by four participants (Fig. 63). In contrast, four other participants did not record any
N.cryptotenella(Fig. 63). One patrticipant (Laboratory Code 36) recoldedf. cryptotenellawith a
relative abundance of 0.%.

Figure 63 The relative abundance dfavicula(cf.) cryptotenelladetermined by each participann
the W[ I 1 S Q. Blad badsitp&ticipants, green bars: auditoa®ange horizontal dashed line =
average of auditors.

The counting resultef N. cryptotenellaandN. cryptotenelloideslemonstrate clear mistaking of both
species (laboratory codes 13, 14, 15 and 18) and thus, suggest difficulties to distinguish the two
species from each other. Additionally, these species may also be mistaem.&ntonii,
N.menisculus N.upsaliensisand N.reichardtiana Of these species onli.reichardtiana was
identified by the participants and auditors with relative abundances greater th@nin theW|[ I { S Q
sample(Fig. 64). The high relative abundan¢@f%) ofN. reichardtianaof one participant (Fig. 64)
suggest a mistaking &f. cryptotenelloides/cryptotenella
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Participants Laboratory Codes

Figure 64 The relative abundance dfavicula reichardtianadetermined by each participarnih the
W[ I 1 Sle Blaelbafd: participants.

A detailed discussion of the taxonomic distinctionNbfcryptotenellafrom N. cryptotenelloidesand
other, similar species is provided in the report of the first German intercalibration exercise (Drel3ler
et al. 2014, see alsDrel3ler et al. 2015). Additionally, detailed recommendations are presented on

78



