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ABSTRACT
This second paper on the revision of the taxonomic identity of several Brachysira species in 
Europe deals with Brachysira styriaca (Grunow) R.Ross and B. zellensis (Grunow) Round & D.G. 
Mann. Both species were described by Grunow based on material from Lake Erlauf (Lower 
Austria and Styria, Austria). Analysis of type material, additional historic and modern samples 
showed that most populations of B. styriaca from northern Europe belong to a different taxon. 
This was already described 70 years ago by Cleve-Euler as Anomoeoneis decipiens A.Cleve and is 
newly recombined here as Brachysira decipiens (A.Cleve) Van de Vijver & Kusber comb. nov. 
Brachysira decipiens and B. styriaca can be differentiated based on several morphological and 
distinct ecological preferences. Brachysira styriaca is typically found in calcium-bicarbonate, 
oligotrophic, alkaline lakes, whereas B. decipiens prefers acid environments. Brachysira rylandsi-
ana Van de Vijver, D.M.Williams & Ector, sp. nov. is split from Brachysira zellensis based on the 
parallel valve margins, cuneately rounded apices, and several smaller, ultrastructural details. All 
species are illustrated with both LM and SEM observations. Their ecological preferences are 
derived from the accompanying diatom flora in the different investigated samples and the 
literature.
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Introduction

This paper is the second in a series on European 
species of Brachysira with the goal of disentangling 
their confused taxonomy and to better define their 
species circumscriptions. The methods are based on 
analyses of light (LM) and scanning electron micro-
scopy (SEM) observations and their comparison with 
other relevant type material. A discussion of the spe-
cies’ habitat preferences presents information relevant 
for Brachysira in environmental monitoring.

The taxonomic history of the genus Brachysira has 
already been discussed in the first paper of this series 
(Van de Vijver et al. 2021). Brachysira taxa are char-
acterised by their linear, lanceolate to rhombic, navi-
culoid valve outline, a short mantle bearing one row of 
areolae, uniseriate striae usually composed of only 
a few rounded to transapically elongated, irregularly 
spaced areolae, internally occluded by continuous, 
perforated hymenes, a valve face ornamentation com-
posed of small papillae and/or ridges, a set of two ribs 
bordering the raphe, simple central raphe endings, 
absence of terminal raphe fissures, and a girdle com-
posed of several open, perforated copulae (Round and 
Mann 1981; Round et al. 1990; Lange-Bertalot and 

Moser 1994). Since the publication of a Brachysira 
monograph by Lange-Bertalot and Moser (1994), 
more than 80 taxa have been described. These descrip-
tions were often solely based on comparisons to his-
toric line drawings (e.g. Van Heurck 1880), 
presumptions about the morphology of the latter, or 
analysis of populations thought to be conspecific with 
the type (Hustedt 1930; Patrick and Reimer 1966). 
Type material has been (re-)analysed rarely (but see 
Compère 1988; Van de Vijver 2014).

In a first paper, Van de Vijver et al. (2021) covered 
Brachysira liliana Lange-Bert., B. microcephala 
(Grunow) Compère, B. neglectissima Lange-Bert., 
and B. neoexilis Lange-Bert., which are often confused 
morphologically. This second paper deals with two 
taxa described by Grunow from the same sample 
(Grunow sample 20) from Lake Erlauf: Navicula styr-
iaca Grunow (in Van Heurck 1880) and Navicula 
zellensis Grunow (Grunow 1860). Although these 
two taxa, now both in Brachysira, are generally well- 
accepted, note that there are some populations from 
either species reported from mutually exclusive ecolo-
gical conditions (alkaline vs acid pH), and their taxo-
nomic identity should therefore be verified. Hence, the 
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type material of these two species was reinvestigated 
here. As this revealed additional variation in the 
Brachysira populations and the literature suggested 
that some entities may have been force fitted into the 
Grunow names (Cleve-Euler 1952, 1953; Rylands 
unpublished), additional samples listing the presence 
of N. styriaca and N. zellensis were studied for com-
parison. These are historic samples collected by 
Walker Arnott in the mid-nineteenth century. As 
a result, one new species, Brachysira rylandsiana Van 
de Vijver, D.M.Williams & Ector, sp. nov. is described 
here.

Material and methods

Material

Historical material for the species discussed in this 
paper was retrieved after an intensive search in the 
Grunow collection at the herbarium of the Natural 
History Museum in Vienna (W, Austria) and the 
Van Heurck collection in Meise Botanic Garden (BR, 
Belgium). All samples Grunow worked with are listed 
in his accession books (sample catalogue), which are 
also kept in the Grunow collection in Vienna. In 
addition to Grunow’s sample catalogue, four other 
parts of the collection are important for in depth 
analysis of his species circumscriptions. These are his 
original samples, microscope slides, drawings (most, 
but not all preserved for all three object types at W), 
and a copy of Synopsis des diatomées de Belgique, Atlas 
(Van Heurck 1880) annotated by Grunow. In the latter 
and on most drawings, Grunow added the sample 

number on which the drawing was based, which 
allows cross-referencing and checking of additional 
information in the accession books, slides, and labels 
on original samples.

In his drawings and accession book entry for 
N. zellensis (Figures 1–4), Grunow indicated Erlafsee 
bei Mariazell (now called Lake Erlauf – Erlaufsee) as 
principal locality, although he did not specify an exact 
sample number and lists several (Figure 3). For 
N. styriaca, Grunow did not indicate a type locality 
in Van Heurck (1880, plate 17: figs 7 & 8). In addition, 
no drawings could be found under N. styriaca and 
only drawings of N. zellensis were in the collection at 
W (Figures 1 & 2). Note that some of the drawings in 
the Grunow collection included under B. zellensis 
(Figure 3 as N. zellensis) were identified as Navicula 
tabida, a name proposed by Thomas Rylands but 
never published, hence a nomen nudum. The samples 
on which this name was based are now conserved in 
the Walker Arnott collection, in part kept in the Van 
Heurck collection at BR as well as the Natural History 
Museum London (BM, United Kingdom).

In the accession books, N. styriaca and N. zellensis 
were mentioned in the species list for sample 20 
from Lake Erlauf (Figure 4), which is the first entry 
in the sample list in the drawings (Figure 3). Lake 
Erlauf (47°47′30″ N, 15°16′20″ E) is a small moun-
tain lake (0.58 km2) located at an altitude of 835 m a. 
s.l. on the border between the Austrian provinces of 
Styria (Steiermark) and Lower Austria 
(Niederösterreich), not far from the small town of 
Mariazell, a place popular for pilgrimages. The 
catchment area of this rather shallow (max. depth < 

Figures 1-4. Original drawings and accession book notes by Albert Grunow archived in the Grunow collection, Naturhistorisches 
Museum, Vienna, Austria (W). Fig. 1. Original drawing and cut-out of Navicula zellensis Grunow. The drawing was published in Van 
Heurck (1880, plate 12, fig. 14). Fig. 2. Original drawings of Navicula zellensis published in Grunow (1860), based on material of 
Grunow sample 20 from Lake Erlauf. Fig. 3. Original drawings Grunow made of Navicula tabida Rylands nom. inval. (Figs left & 
centre) based on material from Roslin, Scotland, UK (Walker Arnott 733). Fig. 4. Scan of the original sample catalogue containing 
Grunow’s notes for sample 20 from Lake Erlauf.
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25 m) lake is situated in the northern calcareous 
Alps, whose bedrock is composed entirely of dolo-
mite and chalk (Ruttner 1938; Krummer 1999). The 
lake is a characteristic pre-alpine, well-buffered, cal-
cium-bicarbonate rich, mesotrophic water body 
shifting towards more eutrophication in recent 
years (Horváth et al. 2017; M. Schagerl, University 
of Vienna, pers. comm.).

One sample collected in Lake Erlauf from the 
Grunow collection was selected for further analysis:

Grunow sample 20: Erlafsee bei Mariazell, coll. date 9. 
X.1856 (leg. A. Grunow) (QR-code W: W0127016)

Several historic samples from the Van Heurck collec-
tion (BR), were added to the analysis as they contained 

populations that appeared to be similar to one of the 
two species Grunow described from this sample.

Walker Arnott sample 251: Ben Lawers, Scotland, UK, 
coll. date 11.VIII.1855 (BR)

Walker Arnott sample 733: cave at Roslin, Scotland 
UK, no coll. date (BR)

Walker Arnott sample 855: pool in Fisco near 
Christiansund, Norway, no coll. date (BR)

Brun slide 210: Blausee, Oberland-Bernois, Switzerland 
alt. 2400 m (BR – coll n° IX-35-B13)

Two modern samples were added to this analysis, as 
they contain large populations of some of the species 
discussed:

Figures 5-19. Brachysira styriaca (Grunow) R.Ross. All LM and SEM images taken from the isolectotype material (BR-4650, Grunow 
sample 20, Erlaf See bei Mariazell, Austria). LM and SEM views. Figs 5–17. LM views of a size diminution series. Fig. 5 most likely 
represents an initial valve. Fig. 18. SEM external view of an entire valve. Note the marginal ridge and small papillae. Fig. 19. SEM 
external view of a larger valve with a clear gap between the central raphe endings. Scale bars represent 10 µm.
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Hofmann S-292: Lustsee, Upper-Bavaria, Germany, 
coll. date 04.IX.1990 (leg. G. Hofmann) (BR) 

Julma 01: Julma Ölkky, Finland, sample 01, coll. date 
14.X.2020 (leg. Raino-Lars Albert) (BR)

Methods

Subsamples of all selected material were prepared for 
LM and SEM observations following the method 
described in van der Werff (1955). More details on 
slide preparation can be found in part I of the series on 
Brachysira (Van de Vijver et al. 2021) and in the 
Supplementary data.

Terminology used in the description of the various 
structures of the siliceous cell wall is based on Ross 
et al. (1979, areola structure), Cox and Ross (1981, 
stria structure), Lange-Bertalot and Moser (1994, 
genus features for Brachysira), and Van de Vijver 
(2014, genus features for Brachysira). For taxonomic 
comparisons, the following papers were consulted: 
Cleve-Euler (1952, 1953), Coste and Ricard (1982), 
Hustedt (1930, 1959), Kennedy and Allott (2017), 
Lange-Bertalot and Moser (1994), Metzeltin and 
Lange-Bertalot (1998, 2007), Lange-Bertalot et al. 
(2017), Moser et al. (1998), and Shayler and Siver 
(2004). Interpretation of ecological conditions fol-
lowed Lange-Bertalot and Moser (1994) and Lange- 
Bertalot et al. (2017).

For the typification of the new species, we chose to 
use the entire slide as the holotype following article 8.2 
of the International Code for Botanical Nomenclature 
(Turland et al. 2018).

Results

Division Heterokontophyta Cavalier- Smith
Diatoms (Diatomeae, Bacillariophyceae s.l.,  

Bacillariophyta)
Class Bacillariophyceae Haeckel
Subclass Bacillariophycidae D.G.Mann  
Order Naviculales Bessey
Suborder Neidiineae D.G.Mann
Family Brachysiraceae D.G.Mann
Genus Brachysira Kütz.

Brachysira styriaca (Grunow) R.Ross in Hartley et 
al. 1986 (Figures 5–19, Suppl. Figures S1 & S2)

Basionym. Navicula styriaca Grunow in Van Heurck 
1880, Synopsis des Diatomées de Belgique, Atlas, pl. 17: 
figs 7, 8

≡ Frustulia styriaca (Grunow) De Toni 1891 
≡ Brebissonia styriaca (Grunow) Kuntze 1898 nec 
Anomoeoneis styriaca sensu Hustedt (1930)  
= Frustulia styriaca var. ventricosa Hust. 1922 
= Frustulia styriaca var. subrostrata Hust. 1924

Type locality. Erlaf See (currently named Lake Erlauf) 
bei Mariazell, Styria, Austria (Grunow sample 20)

Lectotype (designated here). (Grunow sample 20 
microscope slide, Erlaf See bei Mariazell): W0127016 
(Natural History Museum Vienna, Austria, W)

Isolectotype (designated here). (Grunow sample 20, 
Erlaf See bei Mariazell) BR-4650 (Meise Botanic 
Garden, Belgium, BR).

Analysed material. W0127016! Grunow sample 20 
(Erlaf See bei Mariazell); BR coll n° IX-35-B13 Brun 
slide 210 (Blausee, Oberland-Bernois, Switzerland, alt. 
2400 m, Suppl. Figure S1); BR Hofmann S-292 
(Lustsee, Upper-Bavaria, Germany, coll. date 04. 
IX.1990, leg. G. Hofmann, Suppl. Figure S2)

Registration. http://phycobank.org/102678

Light microscopy. (Figures 5–17): Valves lanceolate 
to rhombic-lanceolate, gradually and concavely nar-
rowing from central area towards apices, narrowing 
never straight. Apices elongated not rostrately pro-
tracted, and broadly rounded. Valve dimensions 
(n = 20): length 20–35 µm, width 5–7 µm. Axial area 
linear, very narrow, almost indiscernible in LM. 
Central area narrow, apically elliptical to linearly elon-
gated, in larger specimens weakly constricted. Raphe 
filiform, straight. Central raphe endings indistinct. 
Terminal raphe endings not discernible in LM. Striae 
distinctly radiate throughout entire valve, ca. 30 in 
10 µm. Areolae hardly discernible in LM, at least 
3 per stria.

Scanning electron microscopy. (Figures 18–19): Valve 
face almost flat, surrounded by a thin, clearly raised 
siliceous marginal ridge starting just beyond the apices 
and continuing over central part of valve. Apices 
weakly thickened. Valve face and mantle entirely cov-
ered by irregular pattern of low siliceous papillae. 
Mantle bearing one series of transapically elongated 
areolae, entirely, without interruption, surrounding 
the valve. Striae composed of up to 4 small, rounded 
to weakly transapically elongated areolae, well sepa-
rated by large vimines. Largest areolae bordering cen-
tral area and at valve margins. At apices, striae 
composed of one, very long areola. Longitudinal 
ridges bordering axial area running from apices to 
central area. Central raphe endings very weakly 
deflected, almost not expanded, 1.4–3.5 µm separated 
from each other, larger specimens with larger separa-
tion. Terminal raphe fissures short, indistinct.

Due to rareness of the species in type material, it 
was not possible to observe the valve interior.
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Ecology and associated diatom flora. Brachysira styr-
iaca was recorded as N. styriaca in two samples from Lake 
Erlauf near Mariazell (Styria, Austria) in Grunow samples 
20 and 1255. The type material is mainly dominated by 
various cymbelloid taxa such as Cymbella simonsenii 
Krammer and Delicata delicatula (Kütz.) Krammer. 
Other important taxa in the sample include Denticula 
tenuis Kütz., Epithemia sorex Kütz., Navicula gottlandica 

Grunow, Navicula radiosa Kütz. and several other 
Brachysira taxa such as B. liliana, B. vitrea (Grunow) R. 
Ross, and B. zellensis. This species composition points to 
an oligotrophic, oligosaprobic, calcium-bicarbonate rich, 
alkaline lake habitat indicating very good water quality 
(Lange-Bertalot et al. 2017). Lange-Bertalot and Moser 
(1994) confirm the preference for oligosaprobic and oli-
gotrophic environments stating that B. styriaca is a good 

Figures 20-34. Brachysira decipiens (A.Cleve) Van de Vijver & Kusber comb. nov. All LM and SEM images taken from Walker Arnott 
sample 855 (pool in Fisco near Christiansund, Norway). LM and SEM views. Figs 20–31. LM views of a size diminution series. Fig. 20 
most likely represents an initial valve. Fig. 32. SEM external view of an entire valve. Note the distinct marginal ridge, small papillae, 
and very broad gap between central raphe endings. Fig. 33. SEM external detail of the central area showing high longitudinal 
ridges bordering the axial area. Fig. 34. SEM internal detail of the central area. Note continuous hymenes covering areolae and the 
broad gap between central raphe endings. Scale bars represent 10 µm except for Figures 33 & 34 where scale bar = 1 µm.
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indicator species for high water quality. Their statement 
that the species might be pH-indifferent thriving in cal-
careous (alkaline), but also in weakly acid water bodies 
should be questioned, especially in light of a possible 
confusion with the species covered next, B. decipiens (A. 

Cleve) Van de Vijver & Kusber. In 1971, Wuthrich (1971, 
fig. 51) observed B. styriaca in a Neolithic sample col-
lected from the shore of Lake Neuchâtel and illustrated 
one valve, clearly showing the concave margins and the 
gap between the central raphe endings. The sample was 

Figures 35-53. Brachysira zellensis (Grunow) Round & D.G.Mann. All LM and SEM images taken from the isolectotype material (BR- 
4651, Grunow sample 20, Erlaf See bei Mariazell, Austria). LM and SEM views. Figs 35–49. LM views of a size diminution series. Fig. 
35 probably represents an initial valve. Note clearly undulating valve margins. Fig. 50. SEM external view of an entire valve. Note 
short longitudinal ridges at the apices and connecting silica bars (arrows). Fig. 51. SEM external view of an entire valve in oblique 
view showing the marginal ridge and the mantle areolae. The arrow indicates the connecting silica bar at the apex. Fig. 52. SEM 
external detail of half a valve clearly showing the undulating valve margin. The arrow indicates the connecting silica bar at the 
apex. Fig. 53. SEM internal view of an entire valve. Scale bars represent 10 µm.
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characterised by the presence of a number of alkaliphi-
lous taxa. Foged (1981) reported the species from Alaska 
as being oligohalobe and an alkaliphile. Bahls et al. (2018: 
pl. 114, figs 14–17) reported B. styriaca from several lakes 
in Nunavut (Canada) showing a pH between 8.2 and 8.5. 
The taxon was also observed and illustrated from Poland 
(Bąk et al. 2012), the Russian Karelia (Genkal and 
Komulayen 2020), Lake Konstanz (=Bodensee, Austria, 
Germany, Switzerland) (Kofler 2014), the French 
Pyrenees (Le Cohu and Tudesque 2008), and Finland 
(Mölder and Tynni 1973). Some of these records, such 
as Le Cohu and Tudesque (2008) and Kofler (2014), show 
the species in alkaline lakes with pH values > 7.0, con-
firming the ecological preferences of B. styriaca. 
Hofmann (1994) cited B. styriaca as occurring in oligo-
trophic conditions and being oligosaprobic and alkaliphi-
lous based on observations from the calcium carbonate 
enriched Lustsee and Brunnsee in southern Germany. 
Cantonati et al. (2011) show one valve that clearly belongs 
to B. styriaca, observed in very low abundances in a small 
pool with weakly acid pH (6.6–6.7) dominated by angios-
perm vegetation including Parnassia palustris L., a plant 
known to prefer more alkaline conditions.

Brachysira decipiens (A.Cleve) Van de Vijver & 
Kusber comb. nov. (Figures 20–34 and Suppl. 

Figure S3)

Basionym. Anomoeoneis decipiens A.Cleve 1953, Die 
Diatomeen von Schweden und Finnland Teil III 
Monoraphidae, Biraphidae 1, p. 200, fig. 923

Concept synonyms. Anomoeoneis decipiens var. typica 
A.Cleve 1953, nom. inval., Anomoeoneis styriaca 
(Grunow) Hust. 1930, nec Navicula styriaca Grunow 
in Van Heurck 1880, nec Frustulia styriaca (Grunow) 
Cleve 1895, nec Navicula serians var. amphipleuroides 
Grunow nom. nud.

Type locality. Örträsk, Lapland (Sweden), specimen 
provided by Å. Berg, the type was illustrated by fig. 
923a, b (nec c).

Analysed material. BR Walker Arnott sample 855! 
(pool in Fisco near Christiansund, Norway), sample 
archived in the Van Heurck collection (Meise 
Botanic Garden, Belgium), BR Julma 01! (Julma 
Ölkky, Finland, sample 01, coll. date 14.X.2020, 
leg. Raino-Lars Albert, Suppl. Figure S3)

Registration. http://phycobank.org/102680

Light microscopy (Figures 20–31). Valves lanceolate 
to rhombic-lanceolate, with straight, never concave 
margins, gradually narrowing from central area 
towards apices. Apices not protracted, acutely to 

cuneately rounded. Valve dimensions (n = 25): length 
20–45 µm, width 6.0–8.5 µm. Axial area linear, nar-
row, nearly indiscernible in LM. Central area narrow, 
apically elliptical to apically strongly elongated, in 
larger specimens clearly constricted. Raphe filiform, 
straight. Central raphe endings indistinct, quite dis-
tant from each other. Terminal raphe endings not 
discernible in LM. Striae radiate throughout entire 
valve, 27–28 in 10 µm, composed of 3–4 clearly dis-
cernible areolae.

Scanning electron microscopy (Figures 32–34). Valve 
face almost flat, surrounded by a thin, clearly raised 
siliceous marginal ridge starting just beyond the apices 
and continuing over central part of valve (Figure 32). 
Apices weakly thickened. Valve face and mantle entirely 
covered by irregular pattern of low siliceous papillae 
(Figure 33). Mantle showing one series of long, transapi-
cally elongated areolae, surrounding entire valve without 
interruption (Figure 32). Striae composed of up to 4 
small, rounded to weakly transapically elongated areolae, 
well separated by large irregular vimines. Largest areolae 
near the central area (Figure 33). At apices, striae com-
posed of one, very long areola (Figure 31). Longitudinal 
ridges bordering axial area running from apices to cen-
tral area (Figure 32), at apices weakly deflected. Central 
raphe endings very weakly deflected, simple, 1.5–9 µm, 
largest distance noted in larger specimens. Terminal 
raphe fissures absent, indistinct. Internally, areolae cov-
ered by continuous, perforated hymenes, constricted 
between areolae (Figure 34). Central raphe endings 
shortly deflected, simple (Figure 34).

Ecology and associated diatom flora. Sample Walker 
Arnott 855 was collected from a pond near 
Christiansund, located at the central Norwegian coast, 
not far from the city of Trondheim. The sample was 
dominated by Actinella punctata F.W.Lewis, several 
Brachysira species (B. cf. brebissonii R.Ross in Hartley 
et al. 1986, B. decipiens, B. microcephala, B. serians 
(Bréb.) Round & D.G.Mann, Encyonema neogracile 
Krammer, Frustulia crassinervia (Bréb.) Lange-Bert. & 
Krammer, F. krammeri Lange-Bert. & Metzeltin, 
F. saxonica Rabenh., Semiorbis hemicyclus (Ehrenb.) R. 
M.Patrick, Stenopterobia curvula (W.Sm.) Krammer, and 
Tabellaria flocculosa (Roth) Kütz. Analysis of the ecolo-
gical preferences of this diatom flora shows that its 
optimal environment are dystrophic to oligotrophic, 
electrolyte poor, acid to very acid pools, bogs and 
mires, representative of an excellent ecological quality 
(Lange-Bertalot et al. 2017). These species have not 
been reported from alkaline, calcium-bicarbonate rich 
habitats. Cleve-Euler (1953) reported B. decipiens from 
multiple localities in for instance, southern Lapland 
(Sweden), Abisko (Sweden), and Kola (Finland). 
However, the distribution of this species is at present 
obscured due to confusion with the alkaliphilous 
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B. styriaca, with which it is frequently mixed up. Several 
records of B. styriaca illustrated in recent literature have 
been verified here and actually belong to B. decipiens (see 
citations below). In all these cases, the valves originated 
from lakes with a pH lower than 7. In fact, a large 
number of published illustrations of B. styriaca most 
likely represent B. decipiens. Foged (1974) illustrated 
one valve of B. decipiens from Iceland (as Anomoeoneis 
styriaca) and reported that most of the observed popula-
tions were collected from acid to weakly acid pools and 
ponds. In Alaska, the species was also observed (and 
identified as A. styriaca) in a shallow stream flowing 
into Lake Leone in the West Aleutians (Alaska, Hein 
1990: pl. 4, fig. 9). Camburn and Charles (2000: pl. 18, 
fig. 1) showed a valve from Queer Lake (north-eastern 
USA) with a pH of 5.7 and very low conductivity 
(<25 µS/cm). The same applies to Wolfe and Kling 
(2001: fig. 54) illustrating a valve from an acidified lake 
in western Ontario (Canada). Siver et al. (2005: p. 45, pl. 

32, figs 5–7) observed a few valves in a highly acidic (pH 
4.7) clearwater, oligotrophic pond near Cape Cod (USA). 
In the Finnmark province in northern Norway, the spe-
cies (reported as B. styriaca) occurred in fairly large 
numbers in several subfossil diatom-rich layers in 
a mire (Göttlich et al. 1983). Brachysira decipiens was 
also reported from Finland as B. styriaca (Tolonen et al. 
1986, pl. 3, fig. 30). Pienitz et al. (2003, pl. 18, fig. 4) 
illustrated one valve of B. styriaca from Canada that most 
likely belongs to B. decipiens, but it is unclear in which 
ecological conditions the species was found.

Remarks. The material illustrated in Cleve-Euler 
(1953) from Örträsk, Lapland (Sweden) for the species 
description of Anomoeoneis decipiens (prepared by Å. 
Berg) is at present not available due to large-scale 
renovations at S (Johannes Lundberg, Herbarium 
manager Cleve-Euler collection, Sweden, pers. 
comm.) and could therefore not be analysed. This is 

Figures 54-71. Brachysira rylandsiana Van de Vijver, D.M.Williams & Ector sp. nov. All LM and SEM images taken from the holotype 
material (BR-4652, Walker Arnott sample 733, Cave at Roslin, Scotland, UK). Figs 54–68. LM views of a size diminution series. Fig. 54 
clearly represents an initial valve. Note the straight, parallel valve margins and cuneately rounded apices. Fig. 69. SEM external 
view of an entire valve. Note continuous longitudinal ridges running from the apices to the central area and the thick marginal 
ridge at the valve face/mantle junction (arrows). Fig. 70. SEM external view of smaller valve with typical parallel margins and 
longitudinal axial ridges. Fig. 71. SEM internal view of an entire valve. Scale bars represent 10 µm.
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why reference material sharing all characters with 
Astrid Cleve-Euler’s illustration of the original mate-
rial was chosen for analysis: a population from 
a comparable locality in Norway (750 km distance 
from Örträsk) was used to provide a description for 
B. decipiens here. A formal lectotypification will likely 
be necessary once the original material is available for 
analysis in order to determine differences between the 
nominate variety and the var. “ß” densestriata A.Cleve, 
which is not conspecific. Note that A. Cleve and Cleve- 
Euler are the same person, the latter being Astrid 
Cleve’s married name.

Brachysira zellensis (Grunow) Round & D.G.Mann 
1981 (Figures 35–53 and Suppl. Figure S4)

Basionym. Navicula zellensis Grunow 1860, 
Verhandlungen der Kaiserlich-Königlichen Zoologisch- 
Botanischen Gesellschaft in Wien 10: 521, pl. III [3], 
fig. 34 a-d
≡ Navicula serians var. zellensis (Grunow) Cleve in 

Möller 1868, Anomoeoneis zellensis (Grunow) 
Cleve 1895, Schizonema zellense (Grunow) Kuntze 
1898, Anomoeoneis brachysira var. zellensis 
(Grunow) Krammer in Krammer and Lange- 
Bertalot 1986, nom. inval.

To be excluded as synonym: Navicula difficilis 
Grunow in Van Heurck (1880), Anomoeoneis zel-
lensis f. difficilis (Grunow) Hust. 1959, Brachysira 
zellensis f. difficilis (Hust.) P.B.Hamilton in 
Hamilton et al. 1992

Type locality. Erlaf See (currently known as Lake 
Erlauf) bei Mariazell, Styria, Austria (Grunow sample 
20)

Lectotype (designated here). (Grunow sample 20 
microscope slide, Erlaf See bei Mariazell): W0127016 
(Natural History Museum Vienna, Austria, W)

Isolectotype (designated here). BR-4651 (Meise 
Botanic Garden, Belgium, BR). Preparation from 
Grunow sample 20, Erlaf See bei Mariazell.

Analysed material. W0127016 Grunow sample 20 
(Erlaf See bei Mariazell), BR Brun slide 210 (Blausee, 
Oberland-Bernois, Switzerland, alt. 2400 m, BR coll n° 
IX-35-B13, Suppl. Figure S4)

Registration. http://phycobank.org/102682

Light microscopy (Figures 35–49). Valves linear to 
weakly linear-lanceolate with almost parallel but 
always distinctly undulating margins throughout 
entire cell diminution series. Apices protracted, clearly 
narrowing, rostrate to cuneate. Valve dimensions 

(n = 25): length 20–35 µm, width 5.0–6.5 µm. Axial 
area linear, wavy due to irregular areolae bordering 
axial area, moderately broad, almost 1/4–1/5 of total 
valve width. Central area small, transapically elliptical. 
Rounded central area not observed. Raphe filiform, 
straight. Central raphe endings indistinct, 1.0–1.5 µm 
separated from each other. Terminal raphe endings 
not discernible in LM. Striae weakly radiate through-
out, becoming almost parallel at apices, 30–32 in 
10 µm, composed of 1–2 areolae.

Scanning electron microscopy (Figures 50–53). Valve 
face almost flat, entirely covered by irregular pattern of 
low siliceous papillae, up to 6 per virga with numbers 
rapidly declining towards apices (Figures 50, 52). 
Valve margins thickened by low ridge, at apices more 
strongly thickened (Figures 50–52). Valve mantle 
separated in two parts with abvalvar edge forming 
a thickened hyaline zone, and advalvar part bearing 
one series of transapically elongated areolae (Figure 
51). Siliceous papillae also present between mantle 
areolae (Figures 51, 52). Striae composed of 1–2 
(rarely 3), irregularly transapically elongated areolae, 
giving striae a wavy pattern (Figure 50). Longest are-
olae present around the central area. Short longitudi-
nal ridges bordering axial area at apices, disappearing 
towards central area (Figures 50, 52). At apices, long-
itudinal ridges connected with valve margins by trans-
apical low ridges immediately before valve endings 
(Figures 50–52, arrows). Central raphe endings very 
weakly deflected, almost not expanded. Terminal 
raphe fissures absent, indistinct. T-shaped slit present 
at terminal raphe endings (Figure 50). Internally, are-
olae covered by continuous, perforated hymenes, con-
stricted between each areola (Figure 53). Internal 
central raphe endings straight. Terminal raphe end-
ings terminating on very faint helictoglossae (Figure 
53).

Ecology and associated diatom flora. Grunow (1860) 
reported the species from Lake Erlauf near Mariazell 
(Styria, Austria) “praesertim in fasciculis mucosis 
Encyonematis et Gomphonematis” [particularly in 
mucilaginous strands of Encyonema and 
Gomphonema]. The type material is mainly domi-
nated by various cymbelloid taxa such as Cymbella 
simonsenii and Delicata delicatula. Other important 
taxa in the sample include Denticula tenuis, 
Epithemia sorex, Navicula gottlandica, Navicula 
radiosa, and several other Brachysira taxa such as 
B. liliana, B. styriaca, and B. vitrea. This species com-
position points to an oligotrophic, oligosaprobic, cal-
cium-bicarbonate rich, alkaline lake habitat indicating 
very good water quality (Lange-Bertalot et al. 2017). 
Lange-Bertalot and Moser (1994) stress that the spe-
cies is mainly found in temperate to colder regions of 
the northern hemisphere on both calcareous, but also 
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siliceous bedrock, although it is highly likely that not 
all valves they illustrated belong to B. zellensis sensu 
stricto. Mölder and Tynni (1973, fig. 59) observed the 
species in Finland and qualified it as being acidophi-
lous. The illustrated valve most likely represents 
B. zellensis but unfortunately no information was 
given in which samples it was observed. It is possible 
that the qualification it being acidophilous was based 
on literature data and not on observations, but this is, 
of course, pure speculation. The species also seems to 
be present in North America, as Camburn and Charles 
(2000) for instance illustrated some valves of 
B. zellensis from low-alkalinity lakes in New York.

Remarks

Note that for B. zellensis, Krammer and Lange-Bertalot 
(1986, pl. 94, fig. 12) illustrated “Erlafsee bei Mariazell, 
Typenpräp. Coll. Grunow 2359” (in their text p. 255) or 
2395 (in their figure caption). However, the entry in 
Grunow’s accession book for sample 2359 is from the 
Falkland Islands, references J.D. Hooker (Herb. Kew 
193), and solely cites a collection of Berkeleya sp., and 
therefore Grunow’s slide 2359 also corresponds to this 
material. Furthermore, Krammer and Lange-Bertalot’s 
(1986) indication of sample 2359 is merely a citation of 
an analysed preparation “Typenpräparat” (meaning pre-
paration of one type or another, e.g. a slide, and not 
taxonomic type) rather than an intended typification. 
Similarly, Grunow’s accession book notes for his sample 
2395 cite a collection by Kützing (sample 644, zwischen 
Helminthochorten) and a Schizonema sp. in the species 
list. A formal lectotypification has so far never been 
made, and is therefore made here (see above).

Brachysira rylandsiana Van de Vijver, D.M. 
Williams & Ector, sp. nov. (Figures 54–71 and 

Suppl. Figure S5)

Holotype. BR-4652 (Meise Botanic Garden, Belgium)

Isotype. PLP-387 (University of Antwerp, Belgium)

Synonymous designation. Navicula tabida Rylands, 
nom. inval., mentioned in Van Heurck 1882–1885, n° 28)
= Anomoeoneis zellensis β scandica A.Cleve 1953 

Anomoeoneis zellensis var. linearis Østrup 1910
≡ Navicula zellensis var. linearis (Østrup) R.Ross 1947, 
p. 199 non Anomoeoneis zellensis var. linearis Hust. 1922
= Anomoeoneis zellensis var. hustedtii Woodhead & 
Tweed 1960, p. 355  
= Caloneis?Anomoeoneis zellensis var. constricta ? M. 
Florin 1944, p. 425, fig. 4 (1) 
≡ Brachysira zellensis var. linearis (Østrup) Poulin in 
Poulin et al. 1995, p. 82

Type material. Walker Arnott sample 733! (Cave at 
Roslin (erroneously cited as “Roston” in the hand-
written catalogue, but anonymously corrected), 
Scotland, United Kingdom, no collection date), sam-
ple kept in the Van Heurck collection (Meise Botanic 
Garden, BR)

Other material analysed. BR Walker Arnott sample 
251 (Ben Lawers, Scotland, United Kingdom, coll. date 
11.VIII.1855, Suppl. Figure S5), samples archived in 
the Van Heurck collection (Meise Botanic Garden, 
BR)

Registration. http://phycobank.org/102673

Etymology. The new species is named after Thomas 
Glazebrook Rylands (1818–1900), who observed this 
species in several samples Walker Arnott had col-
lected. Rylands invalidly named this species Navicula 
tabida, only mentioning it in the handwritten catalo-
gue made for the Walker Arnott collection (copies of 
which are kept in the Natural History Museum, 
London, United Kingdom (BM) and Meise Botanic 
Garden, Belgium (BR)).

Light microscopy (Figures 54–68). Valves strictly lin-
ear with almost parallel, often very weakly concave 
margins. Larger valves showing slight central undula-
tion, usually not observed in smaller valves. Apices not 
protracted, occasionally cuneately to usually broadly 
rounded. Valve dimensions (n = 40): length 20–35 µm, 
width 4.5–5.5 µm. Axial area linear, broad, more than 
1/4 of total valve width, weakly wavy due to irregular 
areolae bordering axial area. Central area small, 
rounded to transapically elliptical. Raphe filiform, 
straight. Central raphe endings indistinct, 1.4–2.2 µm 
separated from each other. Terminal raphe endings 
not discernible in LM. Striae weakly radiate through-
out, becoming almost parallel at apices, 29–30 in 
10 µm, composed of almost always 2 areolae, except 
near central area where only one areola present.

Scanning electron microscopy (Figures 69–71). Valve 
face almost flat, surrounded by thickened marginal 
ridge, entirely running around the valve (Figures 69, 
70). Interior part of ridge clearly undulating (Figure 
70). Apices strongly thickened. Valve face entirely 
covered by irregular pattern of low siliceous papillae, 
placed on virgae (Figures 69, 70). Valve mantle not 
straight but widening at abvalvar edge, therefore wider 
than marginal width (Figure 69). Siliceous spine-like 
papillae present between mantle areolae. Striae com-
posed of 2 irregularly transapically elongated areolae, 
resulting in a wavy striation pattern. Longest areolae 
present around central area (Figure 69). Continuous 
longitudinal ridges bordering axial area, running from 
apices to central area (Figures 69, 70). At apices, 
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longitudinal ridges connected with valve margins by 
transapical low ridges immediately before valve end-
ings (Figures 69, 70, arrows). Central raphe endings 
straight to very weakly deflected, almost not expanded. 
Terminal raphe fissures absent, indistinct. T-shaped 
slits present at each terminal raphe ending, formed by 
groove between thickened apices and marginal ridges 
(Figure 70). Internally, areolae most likely covered by 
hymenes, eroded due to conservation of material. 
Terminal raphe endings terminating on very faint 
helictoglossae (Figure 71). Small pseudosepta present 
at apices (Figure 71).

Ecology and associated diatom flora. The type of 
B. rylandsiana, sample Walker Arnott 733 from 
Roslin in Scotland, was dominated by 
Achnanthidium trinode Arn. ex Ralfs occurring 
together with Cymbella simonsenii, Delicata delicatula, 
D. minutus M.J.Wynne, Encyonopsis cesatii (Rabenh.) 
Krammer, and Fragilaria amphicephaloides Lange- 
Bert. Another population of B. rylandsiana was 
found in Walker Arnott sample 251, which is domi-
nated by several cymbelloid taxa such as Cymbella 
vulgata Krammer, Cymbopleura austriaca (Grunow) 
Krammer, Delicata delicatula, and Encyonopsis cesatii. 
Other frequent taxa in the sample include Diatomella 
balfouriana Grev., Denticula tenuis, Eucocconeis flex-
ella (Kütz.) F.Meister, Eunotia minor (Kütz.) Grunow, 
and Gomphonema vibrio Ehrenb. Brachysira rylandsi-
ana is a subdominant species in that sample. The 
diatom flora in both samples indicates that they were 
collected from oligotrophic, calcium-carbonate rich 
lake environments with very good water quality 
(Lange-Bertalot et al. 2017). As they are historical, 
precise sampling data are mostly lacking for both 
Walker Arnott samples. The handwritten catalogue 
for all of his samples kept in the Van Heurck collection 
(Meise Botanic Garden, Belgium) does not mention 
any details, other than the locality where the sample 
was taken and a species list.

Discussion

The results of the type material analyses in this paper 
show that even generally accepted taxa, such as 
B. styriaca and B. zellensis have been subject to taxo-
nomic drift, the gradual broadening of the original 
species circumscriptions. One of the most likely rea-
sons for this drift is a lack of type material analysis, 
which can be challenging and complicated in terms of 
locating the necessary material due to the fragmenta-
tion and dispersion of collections and their compo-
nent parts (e.g. original samples, slides, notebooks). In 
other cases, species circumscriptions were rather 
broad, which led to the force-fitting of aberrant popu-
lations into established names, often solely based on 
historic drawings lacking the necessary detail for 

accurate comparisons. Preferentially accepting the 
interpretations of some experts (Hustedt 1930, 1959; 
Patrick and Reimer 1966) perpetuated these interpre-
tations. However, with the availability of much more 
detail observable through SEM and analysed in con-
junction with type material, as well as historic litera-
ture already discussing the presence of additional taxa, 
a more detailed picture is emerging for Brachysira.

For B. styriaca and B. zellensis investigated here, an 
intensive search for the necessary type material in the 
collections in Meise and Vienna was successful. In the 
Grunow sample collection (W), B. styriaca was only 
mentioned in a few samples according to the accession 
books cataloguing his entire collection, which are kept 
at the herbarium of the Natural Museum Wien 
(Vienna, Austria). The name Navicula styriaca was 
listed in entries for Grunow samples 20 and 1255. 
The material for sample 1255 kept at BR did not 
contain any B. styriaca valves. Analysis of sample 20 
only yielded a handful of specimens showing an iden-
tical morphology to the two drawings in Van Heurck 
(1880, pl. 17, figs 7 & 8). Apart from these two draw-
ings, no published records exist for B. styriaca by 
Grunow. Hence, the species was originally first intro-
duced without a description, but was validated by 
analytical figures according to ICN Art. 38.7, stating 
that, for the purpose of Art. 38.5, prior to 
1 January 1908, an illustration with analysis (see Art. 
38.9 and 38.10) is acceptable in place of a written 
description or diagnosis (Turland et al. 2018).

Despite this relative inaccessibility and paucity of 
type material, Brachysira styriaca is often cited in 
literature. Hustedt (1930, p. 265, fig. 432) transferred 
it to Anomoeoneis as A. styriaca (Grunow) Hust., 
illustrating it with one line drawing. He most likely 
based this on a sample from the Lunzer Untersee 
(Lunz am See, Austria), writing in his description 
that it was only known from that region. Hustedt’s 
drawing is consistent with those of Grunow in Van 
Heurck (1880). Later, Hustedt (1959) added 
Anomoeoneis decipiens A.Cleve to his list of synonyms 
for A. styriaca, stating that the ideas of Cleve-Euler 
(1952, 1953) were not correct. Cleve-Euler had pro-
posed to separate the Nordic populations as 
A. decipiens, while identifying all the Alpine popula-
tions as Frustulia styriaca (Grunow) Cleve. She here 
also included F. styriaca var. ventricosa Hust., 
described in 1922 from the Lunz area. However, the 
combination Frustulia styriaca (Grunow) Cleve was 
superfluous as the same combination had previously 
been proposed by De Toni in 1891 and was also 
referred to in a round-about way in Van Heurck 
(1880, plate 17, figs 7 & 8). In the latter, F. styriaca 
was identified as Navicula (Vanheurckia?) styriaca 
Grunow, with Vanheurckia being a later synonym 
for the genus name Frustulia. Despite this technical 
error, Cleve-Euler’s (1952) distinction between the 
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Nordic and Alpine populations is important. She sta-
ted that F. styriaca was only present in the Alpine, 
whereas the populations from the Sarek Mountains 
(Sweden) Hustedt (1924) identified as Frustulia styr-
iaca var. subrostrata Hust., which in 1959 he synony-
mised with Anomoeoneis styriaca (Grunow) Hust., 
actually represented Navicula pseudococconeiformis 
V.S.Poretzky (1925). The latter statement was com-
mented by Hustedt (1959, p. 755) as being “barer 
Unsinn” [total nonsense]. This exchange about the 
identity of this species between Hustedt and Cleve- 
Euler clearly shows that already 70 years ago, there was 
doubt about the conspecificity between the Alpine and 
Nordic populations of B. styriaca.

Many subsequent authors, however, followed 
Hustedt’s suggestions (1959) and dismissed the idea 
of two independent taxa. Nonetheless, B. styriaca 
valves imaged in publications continued to show 
a morphologically variable taxon, thriving under dif-
ferent environmental conditions. Lange-Bertalot and 
Moser (1994) illustrated several valves from two popu-
lations in Finland and one from Austria. However, to 
consider the Nordic and Austrian populations as con-
specific probably applies too broad a species circum-
scription in view of our analyses and resulting new 
description for B. styriaca from the type material of 
Lake Erlauf. Checking the valves shown in Lange- 
Bertalot and Moser (1994), only the Austrian popula-
tion from the region around Innsbruck is B. styriaca. 
The Finnish populations they observed likely repre-
sent a different species, based on the large gap between 
the central raphe endings and the straight (not con-
cave) valve margins. This further validates the obser-
vations of Cleve-Euler (1952, p. 7) about the 
distribution of two separate species. This difference 
was most likely recognised by Grunow, who named 
valves corresponding to the second entity (i.e. not 
B. styriaca) in exsiccata slide Cleve and Möller 324 

from Atanek (Greenland) as Navicula serians var. 
amphipleuroides Grunow (Cleve and Möller 1882) 
and drew them (Figures 72 & 73, unpublished and 
archived in his drawing collection at W). Cleve 
(1881) listed all taxa found in the sample from 
Atanek and mentioned the same variety. Navicula 
serians var. amphipleuroides also appeared in the 
annotations added by Grunow to his copy of Van 
Heurck’s of Synopsis des Diatomées de Belgique, Atlas 
(Van Heurck 1882–1885, 1880) kept at W. Since all 
records mention the name, but lack a proper descrip-
tion or published illustration, it should be considered 
a nomen nudum.

The valves in the type material of B. styriaca and 
some additional verified image records (e.g. Foged 
1981: pl. 22, fig. 20; Le Cohu and Tudesque 2008: 
figs 27–30; Kennedy and Allott 2017: figs 34–41; 
Bahls et al. 2018: pl. 114, figs 14–17) present a lanceo-
late to rhombic-lanceolate valve outline with margins 
that are weakly, but still distinctly, concave from the 
central area towards the apices. Straight valve margins 
were so far not observed in these populations. 
Moreover, the distance between the central raphe end-
ings does not exceed 3.5 µm. The valves shown in 
Werum and Lange-Bertalot (2004, p. 128, pl. 55, 
figs 4–6 & 12–21) from samples collected in limestone 
areas in Austria and Croatia, were identified by these 
authors as B. styriaca, but with a “?” annotation, sug-
gesting they considered this to potentially be a new 
species. Most of the valves were, however, observed in 
samples collected in limestone areas in Austria and 
Croatia (Werum and Lange-Bertalot 2004). Given the 
similarity of the valves with some in the populations 
we analysed in the present study, this confirms their 
identification as B. styriaca, and Werum and Lange- 
Bertalot’s uncertainty reflects their broader view of the 
species still including B. decipiens under B. styriaca. 
Lange-Bertalot and Moser (1994) concluded that 

Figures 72, 73. Previously unpublished original drawings made by Grunow from the Grunow collection (W, Herbarium of the 
Naturhistorisches Museum Vienna, Austria). Fig. 72. Drawing of Cleve and Möller sample 324 (Greenland), unnamed. Fig. 73. 
Drawings made for Navicula serians var. amphipleuroides from Walker Arnott sample 855 (= Van Heurck Types du Synopsis n° 274).
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B. decipiens most likely simply represented initial 
valves or early cells in the cell cycle of B. styriaca. 
Subsequently, all populations of B. decipiens were in 
the past identified as B. styriaca.

According to our results, differences between these 
species include a larger distance between the central 
raphe endings, areolae that are easily discernible in 
LM for B. decipiens, but not B. styriaca, slightly larger 
valve dimensions with B. decipiens being longer (up to 
45 µm vs. 35 µm) and wider (max with 8.5 µm vs. 
7.0 µm), and a slightly lower stria density (27–28 vs. ca. 
30 in 10 µm). The most obvious difference is the valve 
outline, where B. decipiens never shows concave mar-
gins in contrast to B. styriaca, which usually has con-
cave margins between the central area and apices. 
Finally, B. decipiens has only been found in acid bogs 
and mires, never occurring in alkaline environments 
as does B. styriaca. All of its populations seem to be 
typical for alkaline, calcium-carbonate rich lakes in 
Europe and North America. Based on published 
images, records from the Southern Hemisphere (e.g. 
Vyverman et al. 1995, pl. 28, figs 22–24; Taukulis 2007, 
pl. 4.3 fig. c) and Asia (e.g. Togashi and Ichimura 1997, 
fig. 6G; Sarode and Kamat 1984, pl. 11, fig. 239) cannot 
be confirmed as B. styriaca and clearly represent other 
taxa. Similarly, the reported valves of B. styriaca from 
New Caledonia (Marquié et al. 2016) clearly represent 
a different, possibly endemic species and therefore 
should not be taken into account for the distribution 
of B. styriaca.

Populations from Nordic countries however, seem 
to always have straight tapering margins with 
a distance of often more than 5 µm, occasionally 
even up to 9 µm, between the central raphe endings. 
Although this width overlaps between the Alpine and 
Nordic populations, the latter have larger valves, 
often exceeding 8 µm in width and with a length up 
to 45 µm. Additionally, the stria density of the Nordic 
populations is lower, 27–28 in 10 µm vs. ca. 30 in 
10 µm in the type population of B. styriaca. Finally, 
almost all Nordic populations were found in weakly 
to very acid environments dominated by typically 
acidophilous genera such as Actinella, Eunotia, 
Frustulia, Peronia, and Tabellaria. Cleve-Euler 
(1953) already separated these populations from the 
Nordic region as Anomoeoneis decipiens A.Cleve, 
replacing Hustedt’s new combination Anomoeoneis 
styriaca (Grunow) Hust., and transferred to 
Brachysira here.

Based on our results, another split of taxa pre-
viously recognised as separate, but generally treated 
as a variable species of broad circumscription is indi-
cated for populations of Brachysira zellensis. All con-
firmed B. zellensis populations possess clearly 
undulating valve margins with clearly narrower, 
rostrate apices (e.g. Suppl. Figure S4). This is based 

on observations of the type material of B. zellensis, 
which are to our knowledge the first since its descrip-
tion by Grunow in 1860. The species is often reported 
and illustrated as such (e.g. Kennedy and Allott 2017), 
although most illustrated valves usually do not entirely 
correspond to the valves as seen in the type material 
and most likely represent the similar Brachysira 
rylandsiana Van de Vijver, D.M.Williams & Ector, 
sp. nov. The true B. rylandsiana is represented by 
Van Heurck slide Types du Synopsis n° 129, which 
was made using the Roslin material from Walker 
Arnott sample 733. This shows that B. rylandsiana 
has almost parallel, typically straight margins in most 
of its valves, with only the longest ones showing an 
inflated central area. Furthermore, it has cuneiform to 
broadly rounded apices that are barely narrowing in 
width. In B. rylandsiana, the raphe is always bordered 
by a continuous ridge running from apex to central 
area, whereas in B. zellensis, this longitudinal axial 
ridge is limited to a small part of the valve close to 
the apices.

Cleve-Euler (1953, fig. 920) recognised these mor-
phological differences and illustrated several groups 
within B. zellensis (as Anomoeoneis zellensis). Her “α 
typica” (fig. 920 a) represents B. zellensis with clearly 
undulating margins, whereas some other entities show 
more affinity with B. rylandsiana, based on parallel, 
straight margins and shape of the apices. Several other 
authors noted morphological differences among 
populations of B. zellensis as well. Patrick and 
Reimer (1966, p. 382) mentioned in their analysis of 
Anomoeoneis zellensis: “very small specimens of this 
diatom (V.H. 129) seem to have less pronounced, 
slightly more cuneate ends”. Hustedt (1922) described 
Anomoeoneis zellensis var. linearis, which is a more 
recent homonym for a taxon described by Østrup in 
1910, and was transferred to the genus Navicula by 
Ross (1947) in his overview of the diatoms of the 
eastern Canadian Arctic. Woodhead and Tweed 
(1960) recognised this error and provided a new 
name for Anomoeoneis zellensis var. linearis Hust.: 
Anomoeoneis zellensis var. hustedtii Woodhead & 
Tweed. As they did not provide a full and direct 
reference of the basionym, their name is also invalid 
according to ICN art. 41.5 (Turland et al. 2018). More 
importantly, analysis of Hustedt’s type material (based 
on the illustrations in Simonsen 1987, pl. 93, figs 15– 
17), shows that Anomoeoneis zellensis var. hustedtii 
most likely belongs to the genus Caloneis and is defi-
nitely not a Brachysira. Anomoeoneis zellensis var. 
linearis Østrup is without doubt identical to 
B. rylandsiana, but as it has an infraspecific rank, it 
has no priority over the species rank, and the name 
should be considered a synonym of B. rylandsiana.

Another species that needs to be considered in 
the context of B. zellensis is Navicula difficilis 
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Grunow described by him in Van Heurck (1880, pl. 
12, figs 16 & 17). Hustedt (1959, p. 759) subse-
quently recombined it as a form of Anomoeoneis 
zellensis: A. zellensis f. difficilis (Grunow) Hust. and 
included A. zellensis var. linearis Hust. in its list of 
synonyms. As it showed some similarity with 
Brachysira zellensis, it was transferred to 
Brachysira as B. zellensis f. difficilis (Hust.) P.B. 
Hamilton. The type of Navicula difficilis Grunow 
was, however, never investigated until Van de 
Vijver et al. (2020) located it in the Grunow collec-
tion in Vienna and demonstrated that it belonged 
to the genus Humidophila R.L.Lowe et al. The 
species was subsequently recombined as 
Humidophila difficilis (Grunow) Van de Vijver, 
Ector & T.M.Schuster and removed from 
Brachysira zellensis.

Another taxon showing some similarity to 
B. zellensis and B. rylandsiana is B. minor (Krasske) 
Lange-Bert., originally described as Anomoeoneis 
minor from southern Chile (Krasske 1939). The latter 

has broadly rounded apices (contrary to the cuneately 
rounded apices in the other two species), lacks the 
longitudinal axial ridges, and has a different areola 
pattern. Recently, doubts about the taxonomic place-
ment of B. minor have been raised, as the species is 
more similar to the genus Diadesmis (Wetzel & Van de 
Vijver, unpubl. res.). Regarding distribution, several 
records of B. zellensis from the Southern Hemisphere 
most likely should be attributed to B. minor, and not 
B. zellensis or B. rylandsiana. For example, Carter 
(1966) illustrated B. zellensis from the Tristan da 
Cunha archipelago in the southern Atlantic Ocean, 
but analysis of his samples showed that the valves 
belonged to B. minor (Zidarova et al. 2016).

Due to conflation with B. zellensis, the distribution 
of B. rylandsiana can at present only be determined 
following the analysis of published illustrations. Table 
1 shows all records from the literature of B. zellensis 
that could be verified as such based on published 
images (see table for references). Almost all records 
are from the Northern Hemisphere, whereas in the 

Table 1. Distribution of Brachysira rylandsiana and B. zellensis based on verified (=illustrated) literature data. One verified record 
from the Southern Hemisphere indicated by an asterisk.

Brachysira zellensis
Locality Reference Reported name
Austria Gesierich and Kofler 2010, fig. 5 B. zellensis (Grunow) Round & D.G.Mann
Finland Lange-Bertalot and Metzeltin 1996, pl. 36, fig. 20 B. zellensis (Grunow) Round & D.G.Mann
France Ludes and Coste 1996, pl. 16, fig. 2 B. zellensis (Grunow) Round & D.G.Mann
Germany Schumann 1869, pl. 2, fig. 11 Navicula zellensis Grunow
Germany Reichardt 1989, pl. 2, fig. 7 A. brachysira var. zellensis (Grunow) Krammer
Ireland Foged 1977, pl. 17, fig. 9 A. zellensis (Grunow) Cleve
Ireland Kennedy and Allott 2017, figs 42 & 43 B. zellensis (Grunow) Round & D.G.Mann
Poland Bąk et al. 2012, pl. 41, third picture B. zellensis (Grunow) Round & D.G.Mann
Russia Kosova et al. 2019, pl. 10, fig. 1 B. zellensis (Grunow) Round & D.G.Mann
Scotland (UK) Meister 1912, pl. 17, fig. 10 A. zellensis Cleve
United Kingdom Hartley et al. 1996, pl. 38, fig. 7 B. zellensis (Grunow) Round & D.G.Mann
Alaska (USA) Hein 1990, pl. 4, fig. 5 & 6 A. brachysira var. zellensis (Grunow) Krammer
Brachysira rylandsiana
Locality Reference Reported name
Albania Vidaković et al. 2020, figs 6/23 & 6/24 B. zellensis (Grunow) Round & D.G.Mann
Austria Werum and Lange-Bertalot 2004, pl. 152, figs 28–32 B. zellensis (Grunow) Round & D.G.Mann
Faeroe Islands Witon and Witkowski 2003, pl. 12, fig. 10 B. zellensis (Grunow) Round & D.G.Mann
Finland Lange-Bertalot and Metzeltin 1996, pl. 36, fig. 19 B. zellensis (Grunow) Round & D.G.Mann
Finland Tolonen et al. 1986, pl. 3, fig. 28 A. zellensis (Grunow) Cleve
Finnish Lapland Cleve-Euler 1934, pl. 4, fig. 116 A. zellensis var. subovata A.Cleve
Poland Bąk et al. 2012, pl. 41, first two pictures B. zellensis (Grunow) Round & D.G.Mann
Sweden Florin 1944, fig. 4 (1) A. zellensis var. constricta M.Florin
United Kingdom Hartley et al. 1996, pl. 38, fig. 8 A. zellensis f. difficilis (Grunow) Hartley
Alaska (USA) Foged 1981, pl. 22, figs 19 & 21 A. zellensis & A. zellensis f. difficilis (Grunow) Hust.
Western USA Bahls 2017, figs 6 & 7 B. zellensis (Grunow) Round & D.G.Mann
North-eastern USA Camburn and Charles 2000, pl. 17, figs 46–48 A. brachysira var. zellensis (Grunow) Krammer
Jamésie-Hudsonie (Canada) Fallu et al. 2000, pl. 12 B. zellensis (Grunow) Round & D.G.Mann
Nunavut (Canada) Van de Vijver et al. 2003, fig. 17 B. zellensis (Grunow) Round & D.G.Mann
Western Canada Bahls et al. 2018, pl. 59, fig 6 & 7 B. zellensis (Grunow) Round & D.G.Mann
Greenland Østrup 1910, pl. 14, fig. 6 A. zellensis var. linearis Østrup
Greenland Van Kerckvoorde et al. 2000, fig. 4/19 B. zellensis (Grunow) Round & D.G.Mann
Greenland Foged 1973, pl. 2, fig. 23 A. zellensis f. difficilis (Grunow) Hust.
Barentsoya (Arctic) Metzeltin and Witkowski 1996, pl. 9, figs 9–12 B. zellensis (Grunow) Round & D.G.Mann
New Zealand* Foged 1979, pl. 23, fig. 12 A. zellensis f. difficilis (Grunow) Hust.
Incorrect records
Locality Reference Reported name
Papua New Guinea Vyverman 1989, pl. 1, fig. 2 B. zellensis but most likely a new species
Papua New Guinea Vyverman 1991, pl. 36, fig. 4 B. zellensis but most likely a new species
Siberia (Russia) Potapova et al. 2014, figs 31 & 32 B. zellensis but most likely a new species
South Africa Fritsch and Rich 1923, fig. 30H A. zellensis representing a species of Neidium?
South Africa Taylor et al. 2007, pl. 65, 11 figs B. zellensis but most likely a new species
Tristan da Cunha Carter 1966, pl. 9, fig. 21 A. zellensis representing B. minor Krasske
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Southern Hemisphere, there is at present only one 
verified report. Foged (1979, pl. 23, fig. 12) showed 
one valve of B. rylandsiana from the Northern Island 
of New Zealand. Most other reports of B. rylandsiana 
or B. zellensis that could be verified, were either con-
fused with B. minor (e.g. Carter 1966) or represented 
a completely different taxon (e.g. Fritsch and Rich 
1923, fig. 30H, most likely a Neidium).

The results of our study show that a careful analysis 
of the type material, together with a revision of historic 
data, samples, and literature can lead to unexpected 
taxonomic conclusions, even when dealing with taxa 
that are well-accepted. The separation between 
B. decipiens and B. styriaca will certainly provide 
a better ecological characterisation, as they are found 
in contrasting ecological conditions, as will the verifi-
cation of additional data for the distribution of 
B. rylandsiana and B. zellensis.
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