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Abstract: Thirteen Planothidium species are illustrated and discussed in a detailed morphological account 
based on light and scanning electron microscopy analysis of modern and historic materials related to the names 
Planothidium rostratum (Østrup) Lange–Bertalot and Planothidium frequentissimum (Lange–Bertalot) Lange–
Bertalot. Eight species from freshwater environments in Europe, Asia and South America are proposed as new. 
All taxa here discussed and illustrated belong to the group of species characterized by the presence of a cavum 
in the rapheless valve. Additional information concerning their distribution and ecology is briefly commented 
based on a thorough literature revision.
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Introduction

The so–called ‘monoraphid’ diatoms belonging to the 
family Achnanthidiaceae D.G.Mann, Order Cocconeidales 
E.J.Cox (after Cox 2015) are characterized by having 
solitary cells or living in short chains, slightly curved 
in girdle view and by their heterovalvar condition, with 
a concave raphid valve and a convex rapheless valve. 
They are among the most common taxa inhabiting 
freshwater ecosystems. Hundreds of names have been 
formerly published within (or transferred to) the genera 
Achnanthes Bory [currently under the Order Mastogloiales 
D.G.Mann, after Cox & Williams (2000) and Cox 
(2006)] and Achnanthidium Kützing, including species, 
subspecies, varieties and forms (Lange–Bertalot & 
Krammer 1989; Kociolek et al. 2018).

The genus Achnanthes sensu lato has been partially 
revised in the past 30 years and is now split into several 
smaller genera that for freshwaters are included mainly in 
the family Achnanthidiaceae D.G.Mann. Ultrastructural 
studies of cell frustules during the 90’s and posteriorly 
by means of scanning electron microscopy have allowed 
the split of Achnanthes into several new genera, such as 
Gliwiczia Kulikovskiy, Lange–Bertalot et Witkowski, 
Haloroundia C.A.Díaz et Maidana, Karayevia Round et 
Bukhtiyarova, Kolbesia Round et Bukhtiyarova, Lemnicola 
Round et Basson, Pauliella Round et Basson, Planothidium 

Round et Bukhtiyarova, Platessa Lange–Bertalot and 
Skabitschewskia Kulikovskiy et Lange–Bertalot, while 
the genus Achnanthidium Kützing was sub–divided into 
Crenotia A.Wojtal, Psammothidium Bukhtiyarova et 
Round and Rossithidium Bukhtiyarova et Round. Hence, 
many taxa originally described as Achnanthes have been 
transferred to more suitable genera, so that Achnanthes 
sensu stricto remains mostly to designate robust, ha-
lophilous (marine to freshwater), and aerophytic forms 
similar to the generitype Achnanthes adnata Bory (= A. 
brevipes C.Agardh) and its allies (Cox 2006; Tofilovska 
et al. 2014; Majewska et al. 2017).

The genus Planothidium was first proposed by 
Round & Bukhtiyarova (1996) for species around 
Achnanthes lanceolata (Brébisson ex Kützing) Grunow 
in Cleve & Grunow (≡ Achnanthidium lanceolatum 
Brébisson ex Kützing), currently comprising up to 113 
names according to Kociolek et al. (2018). Planothidium 
lanceolatum (Brébisson ex Kützing) Lange–Bertalot is 
by far the most frequent and widely cited diatom of this 
genus in continental waters worldwide (Van de Vijver 
et al. 2013). The genus is predominantly epilithic or 
epipsammic and seems to be more diversified in alkaline 
environments. Several, but not all, Planothidium spe-
cies are characterized in having an asymmetrical central 
area on the rapheless valve (see Morales 2006; Jahn 
et al. 2017). Internally, this central area bears a rimmed 
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procedures, i.e. treated by oxidation with hot 37% hydrogen 
peroxide (H2O2) in a sand bath during 24 hours. Preparations 
were then allowed to cool and settle (ca. 1 cm.h–1), and 80 to 
90% of the supernatant was eliminated by vacuum aspiration. 
A volume of 1 ml of hydrochloric acid (HCl 37%) was then 
added and the mixture was allowed to rest for 2 h followed 
by three repetitions of rinsing and decantation using deion-
ized water. Diatom slides were made in accordance with the 
French diatom protocol (AFNOR 2007). For scanning electron 
microscopy, parts of the oxidized suspensions were filtered and 
rinsed with additional deionized water through a 3 µm Isopore™ 
polycarbonate membrane filter (Merck Millipore). Filters were 
mounted on aluminium stubs and coated with platinum using a 
BAL–TEC MED 020 Modular High Vacuum Coating System 
for 30 seconds at 100 mA. An ultra–high–resolution analyti-
cal field emission (FE) scanning electron microscope Hitachi 
SU–70 (Hitachi High–Technologies Corporation, Tokyo, 
Japan) operated at 5 kV and 10 mm distance was used for 
the analysis. SEM images were taken using the lower (SE–L) 
detector signal. Photomicrographs were digitally manipulated 
and plates containing light and scanning electron microscopy 
images were created using CorelDraw X8®. Type materials 
of the newly described species were deposited at the Meise 
Botanic Garden (BR, Belgium). Basic morphometric variables 
were measured using Leica Application Suite©: length (L) 
(μm), width (W) (μm), length/width ratio (L:W) and number 
of striae in 10 μm.

Results and Discussion

This section can be roughly divided into two main subsec-
tions based on the valve morphology: the first subsection 
(Figs 1−246) deals with all rostrate species belonging to 
the Achnanthes rostrata Østrup complex and discusses 
the changing concepts of the taxa defined by Hustedt 
(1911) as Achnanthes lanceolata var. rostrata Hustedt, 
from Germany, based on his drawings (Figs 2−4) and 
specimens found in Hustedt’s original material (Figs 
5−10). The second subsection (Figs 247−521) deals 
with species having a rounded to elliptical valve mor-
phology grouped under Planothidium frequentissimum 
(Lange–Bertalot) Lange–Bertalot (Figs 250−282) and 
similar taxa. The list of species illustrated and discussed 
is shown in Table 2.

Planothidium rostratum (Østrup) Lange–Bertalot in 
Lange–Bertalot (1999) (Figs 11–61, LM; 109–119, 
SEM)
≡ Achnanthes rostrata Østrup in Østrup (1902, p. 35); − Planothidium 
rostratum (Østrup) Round et Bukhtiyarova in Round et Bukhtiyarova 
(1996, p. 352) comb. inval.; − Achnantheiopsis rostrata (Østrup) 
Lange–Bertalot in Lange–Bertalot (1997, p. 208) nom. illeg.

LM (Figs 11–61): Valves elliptical. Shorter specimens 
with shortly rostrate ends, while longer ones having 
longer rostrate ends. Length 6.5–15.0 µm, width 4.0–6.5 
µm. Rapheless valves (Figs 11–18, 23–31, 36–48): 
axial area narrow, straight, linear. Central area with a 
unilateral large horseshoe–shaped hyaline area with a 
clearly visible cavum. On the opposite side, striae never 
shortened, always reaching the axial area. Striae weakly 

depression (named sinus), and in some cases, a hood 
(also known as cavum). The structure of the rimmed 
depression and hood were not recognized until examina-
tion under the scanning electron microscope by Moss 
& Carter (1982). Recent molecular studies highlight 
the differentiation between the two major clades within 
Planothidium (Jahn et al. 2017) based on the presence 
of the asymmetrical area. 

In recent years many new Planothidium species 
have been better circumscribed or described as new, 
either using molecular or morphological methods or 
both (e.g. Potapova 2012; Álvarez–Blanco & Blanco 
2013; Kulikovskiy et al. 2013, 2015; Van de Vijver et 
al. 2013, 2018; Wetzel et al. 2013, 2014; N’Guessan 
et al. 2014; Wetzel & Ector 2014a, b; Zimmermann et 
al. 2014; Bukhtiyarova 2017; Jahn et al. 2017). Within 
the infraspecific taxa of Planothidium lanceolatum, 
Achnanthes lanceolata var. rostrata Hustedt is an abundant 
and putative cosmopolite variety in both lotic and lentic 
ecosystems, commonly reported in diatom floristic lists 
and inventories around the world. The main difference 
with respect to the nominal variety is the shape of the 
valve apices, which are clearly protracted in the variety 
rostrata. Despite this, a confusing nomenclatural and 
taxonomic history is tied to this name usually regarded 
as a catch–all species–complex.

Following the revision of type materials from 
historical collections, this manuscript aims to present a 
taxonomic and nomenclatural reappraisal of Achnanthes 
rostrata Østrup and “Achnanthes lanceolata var. dubia 
f. minuta” Grunow (namely Planothidium rostratum and 
Planothidium frequentissimum, respectively) based on 
the examination of original materials using light (LM) 
and scanning electron microscopy (SEM). A re–inter-
pretation of the complex is proposed and eight species 
are described as new.

Material and Methods

Type slides and unmounted type material were examined using 
LM and SEM. Original material from the Van Heurck collection 
[Botanic Garden Meise (BR), Belgium], Hustedt collection 
[Alfred–Wegener–Institut für Polar– und Meeresforschung 
(BRM) Bremerhaven, Germany], the National Museum of Nature 
and Science (TNS), Tsukuba, Japan]), the Østrup collection 
[Botanical Garden of Copenhagen (C), Denmark] and the Musée 
d’Histoire Naturelle La Chaux–de–Fonds [(CH), Neuchâtel, 
Switzerland)] was used. Herbarium acronyms follow Thiers et 
al. [continuously updated]. The term “original material” is used 
here according to the International Code of Nomenclature for 
algae, fungi, and plants (Turland et al. 2018). The symbols 
“≡” and “=” before the names of specific and infraspecific 
taxa are used to represent homotypic or nomenclatural, and 
heterotypic or taxonomical synonyms, respectively. A third 
type of synonym which can be called a concept synonym is 
marked by “−”; this concerns invalid names, misapplied names 
and taxonomic synonyms which do not include the type of the 
name, following Jahn & Kusber (2009).
	 The materials listed in Table 1 were observed in 
LM and SEM. Samples were cleaned following standard 



radiate throughout the entire valve, 12–14 in 10 µm, 
measured at the central part of the valve opposite to the 
cavum. Raphe valve (Figs 19–22, 32–35, 49–61): axial 
area narrow, linear, widening towards the central area. 
Central area rectangular to slightly rounded, bordered 
on each side by usually two, but up to three shortened 
striae. Fascia absent. Raphe branches straight with ex-
panded, drop–like proximal raphe endings. Distal raphe 
fissures unilaterally deflected. Striae radiate throughout 
the entire valve, 12–16 in 10 µm.
SEM (Figs 109–119): Rapheless valve (Figs 109−115): 
striae composed externally of three to four rows of small, 
rounded areolae (Figs 109−113), the middle two rows 
being slightly smaller than the outer two parallel rows. 
Striae near the axial area often composed of three rows 
of areolae. Near the valve mantle, striae occasionally 
composed of four areolae. Striae mostly discontinuing 
on the valve mantle. Areolae on the valve mantle usu-
ally composed of groups of four to five, the last one 
being longer than the others (Figs 109, 110). Irregular, 
shallow, slit–like depressions present in the central and 
axial area (Figs 109−113). Internal cavum aperture 
narrow (Fig. 115). Raphe valve (Figs 116−119): striae 
broader than the virgae, composed of three to four rows 
of rounded areolae (Figs 116, 117). Striae internally 
sunken between raised virgae (Figs 118, 119). Areolae 
internally covered by individual hymenes (Fig. 118). 
Proximal external raphe endings straight, terminating in 
expanded pores (Figs 116, 117). Terminal raphe fissures 
unilaterally bent, continuing shortly onto the valve mantle 
(Figs 116, 117). Internally central nodule raised, with 
proximal raphe endings slightly deflected to opposite 
sides (Figs 118, 119), terminating inconspicuously (Figs 
118, 119). Terminal raphe endings terminating on faint 
helictoglossae (Fig. 118).

Type: THAILAND. Koh Chang Island, Klong Sarlakpet, 
as Achnanthes rostrata slide n° 3293 in Copenhagen 
Botanical Garden (C).

Additional observed material (LM and SEM): 
INDONESIA. Sumatra, Balige, Lake Toba. Sample 
AS855 (BRM); INDONESIA. Sumatra, Lake Toba. 
Sample AS865 (BRM), both materials housed at Hustedt 
collection, Bremerhaven (BRM).

Taxonomic remarks: Described originally from Thailand 
(Koh Chang Island, ancient ‘Siam’) at the ‘Klong 
Sarlakpet’ locality, the original slide number “3293” (C) 
of Achnanthes rostrata Østrup (here reproduced as Fig. 
1) was ‘resurrected’ by Moss & Carter (1982, fig. 7) who 
presented the first image of the original material from 
Thailand after its original description. They wrote on the 
significance of the cavum, until then a poorly understood 
character among “Achnanthes” taxa. Lange–Bertalot 
& Krammer (1989, pl. 85, figs 3–6) photographed the 
“Typenpräp. Coll. Oestrup 3314” and identified some 
specimens as Achnanthes rostrata. Two years later, the 

same images were presented as “lectotype from Siam” 
by Krammer & Lange–Bertalot (1991, pl. 43, figs 
1–4) who placed the images together with several ad-
ditional populations (North American and European) 
under “Achnanthes lanceolata–Sippenkomplex”. In the 
latter the use of the infraspecific epithets ‘rostrata’ and 
‘frequentissima’ in different positions (i.e. Achnanthes 
lanceolata ssp. rostrata and “Achnanthes lanceolata 
ssp. frequentissima var. rostrata”) was not in agree-
ment with the nomenclature (ICN art. 6.4) as correctly 
noted by Compère (1991), making these names invalid 
or superfluous (illegitimate) (see Lange–Bertalot & 
Krammer 1989 on the “‘Falsche dubia/rostrata–Sippen”). 
However, after the re–arrangements made posteriorly by 
Lange–Bertalot (1993) for “Achnanthes lanceolata 
ssp. frequentissima var. rostratiformis” Lange–Bertalot, 
the names continued to be illegitimate. The mentioned 
names were based on a variety described by Hustedt 
(1911, p. 279, pl. 3, fig. 34 a–b), i.e. Achnanthes lan-
ceolata var. rostrata Hustedt, who regarded the species 
as a transitional form (“Uebergangsform zwischen”) 
between Achnanthes lanceolata Brébisson and the ‘va-
riety dubia Grunow’. Hustedt’s brief Latin description 
(“valva elliptica apicibus rostratis, subcapitatis”) and 
the accompanying drawing (here reproduced as Fig. 2) 
does not fit into the current concept of this taxon, clearly 
referring to an entirely different species belonging to 
the recently erected genus Skabitschewskia. The valve 
outline in A. lanceolata var. rostrata sensu Hustedt 
(1911) can hardly be regarded as elliptic (in the sense 
used by Hustedt), but rather broadly elliptic, as shown 
by Hustedt (1930) himself in his revision of the taxon. 
The concepts of Achnanthes lanceolata var. rostrata in 
Hustedt (1930, 1959) are here reproduced in Figs 3 
and 4 respectively. Moreover, the apices are rarely sub–
capitate. Given the shape and size of the cavum and the 
central area, the iconotype illustrated in the protologue 
can be ascribed to certain individuals found in the type 
material (Figs 5 and 6) who, in turn, are clearly identifi-
able as Skabitschewskia peragalloi (Brun et Héribaud) 
Kulikovskiy et Lange–Bertalot. Hustedt most likely 
(maybe years after his original description in 1911) 
marked one specimen in the type slide, a different one 
from what the actually described, that was selected as 
lectotype by Simonsen (1987) who indeed noted the 
lack of correspondence with the iconotype (op. cit., p. 
20). Independently of the history and confusion that 
might have been created following the lectotypification 
of Achnanthes lanceolata var. rostrata, and the recom-
mendations of the ICN that were ignored by Simonsen 
(1987) and posteriorly by Bąk & Lange–Bertalot 
(2014) (i.e. recommendation 9A.3), the type material 
from Borgfeld (Wümme River, Bremen, E911 BRM!) 
containing the specimens illustrated by Simonsen (1987, 
pl. 4, figs 6, 7) is nowadays the lectotype for a species 
named Planothidium rostratoholarcticum Lange–Bertalot 
et Bąk in Bąk & Lange–Bertalot (2014). Indeed, the 
specimens found in the material E911 (here illustrated 
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Table 2. List of species and cross–referenced figures (LM, SEM).

Species Figures

Planothidium alekseevae Gogorev et Lange 186–199, 231–238

Planothidium brasiliense C.E.Wetzel et S.Blanco sp. nov. 211–217

Planothidium cavilanceolatum C.E.Wetzel, M.G.Kelly et Van de Vijver sp. nov. 464–514, 515–521

Planothidium curtistriatum C.E.Wetzel et Ector sp. nov. 386–414, 444–456

Planothidium frequentissimum (Lange–Bertalot) Lange–Bertalot 251–282, 344–353

Planothidium gallicum C.E.Wetzel et Ector sp. nov. 164–185, 224–229

Planothidium hinzianum C.E.Wetzel, Van de Vijver et Ector sp. nov. 415–439, 457–463

Planothidium potapovae C.E.Wetzel et Ector sp. nov. 200–210, 239–246

Planothidium rostratoholarcticum Lange–Bertalot et Bąk 62–108, 120–139

Planothidium rostratum (Østrup) Lange–Bertalot 11–61, 109–119

Planothidium straubianum C.E.Wetzel, Van de Vijver et Ector sp. nov. 362–385, 440–443

Planothidium tujii C.E.Wetzel et Ector sp. nov. 140–163, 218–223

Planothidium victori Novis, Braidwood et Kilroy 283–343, 354–361

for the first time in SEM in the Figures 7−10) agree 
with the concept that Holarctic species differ from the 
Tropical ones when considering the number of areolae 
in the striae (2–3 compared to 4, as discussed later in 
this manuscript). Since the original Østrup material 
from Thailand was not available for SEM, we decided 
to emend the diagnosis containing its ultrastructural 
characterization that could correspond to the original 
material from Thailand, based on material from Indonesia 
(Lake Toba, Sumatra).

Planothidium rostratoholarcticum Lange–Bertalot et 
Bąk in Bąk et Lange–Bertalot (2014) (Figs 62–108, 
LM; 120–139, SEM)
− Achnanthes lanceolata var. rostrata Hustedt in Hustedt (1911, 
p. 279) sensu Simonsen (1987, p. 20, pl. 4, figs 6, 7); − Achnanthes 
lanceolata var. rostrata (Østrup) Hustedt in Hustedt (1930, p. 208); − 
Achnanthes lanceolata f. rostrata (Østrup) Hustedt in Hustedt (1957, 
p. 251); − Achnanthes lanceolata ssp. rostrata (Østrup) Lange–Bertalot 
in Krammer & Lange–Bertalot (1991, pl. 43, figs 1–4); − Achnanthes 
lanceolata ssp. frequentissima var. rostratiformis Lange–Bertalot in 
Lange–Bertalot (1993, p. 5) comb. inval.

LM (Figs 65–108): Valves elliptical with only weakly 
elongated apices, usually more broadly protracted, sub-
rostrate rather than rostrate, even in the largest specimens. 
Length 6.4–13.5 µm, width 3.8–6.4 µm. Rapheless valves 
(Figs 65–79, 86–104): axial area narrow, straight, linear. 
Central area having a unilateral, large, horseshoe–shaped 
hyaline area with a cavum. On the opposite side, striae 
not shortened, always reaching the axial area. Striae 
weakly radiate throughout the entire valve, 13–17 in 10 
µm, measured at the central part of the valve opposite to 
the cavum. Raphe valve (Figs 80–85, 105–108): axial 
area narrow, linear. Central area irregular, bordered on 
each side by usually one shortened stria. Fascia absent. 

Raphe branches straight with expanded, drop–like proxi-
mal raphe endings. Terminal raphe fissures unilaterally 
deflected. Striae radiate throughout the entire valve, 
14–17 in 10 µm.
SEM (Figs 120–139): Rapheless valve (Figs 120−126, 
131−136): striae composed externally of two to three 
(rarely four near the valve edges, see Fig. 122) rows of 
small, rounded areolae (Figs 120−123), with the middle 
row being slightly smaller than the two parallel outer 
rows (Fig. 120) or with even size (Fig. 131). Striae con-
tinuing on the valve mantle/face junction. Striae on the 
valve mantle composed usually of groups of two to three 
areolae; the last one being slightly elongated (Figs 120, 
122, 131, 132). Irregularly orientated shallow, slit–like 
depressions present mainly in the central and axial area 
(Figs 120−123, 131−134). Internal cavum aperture rela-
tively wide (Figs 124−126, 135, 136). Virgae strongly 
raised between the striae. Raphe valve (Figs 127−130, 
137−139): striae broader than the virgae, composed of 
two to three rows of rounded areolae (Figs 127, 128, 
137, 138). Striae internally sunken between raised vir-
gae (Figs 129, 130, 139). Areolae internally covered by 
individual hymenes (Figs 129, 139). Proximal external 
raphe endings straight, terminating in expanded pores 
(Figs 127, 128, 137, 138). Terminal raphe fissures uni-
laterally bent, continuing shortly onto the valve mantle. 
Internally central nodule raised, with proximal raphe 
endings slightly deflected to opposite sides (Figs 129, 
130, 139). Terminal raphe endings terminating on faint 
helictoglossae. 

Type: GERMANY. Wümme River, Borgfeld (Bremen) 
epiphyte on Hypnum. Sample E991. Slide 212/73 in 
Hustedt Collection (BRM).
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Taxonomic remarks: Achnanthes rostrata underwent 
a complex nomenclatural history and only recently Bąk 
& Lange–Bertalot (2014) partially settled the issue 
with the description of P. rostratoholarcticum. Schulz 
(1926) considered this taxon being the variety Achnanthes 
lanceolata var. rostrata Schulz in Schulz (1926, p. 192, 
fig. 23a, b, nom. illeg. (as “Achnanthes lanceolata var. 
rostrata Hustedt?”). The name was again proposed by 
Hustedt (1957) as A. lanceolata var. rostrata (Østrup) 
Hustedt, but these names were all illegitimate since all of 
them are later homonyms of A. lanceolata var. rostrata 
Hustedt. Formerly, Schulz also transferred A. rostrata to 
Microneis as M. lanceolata var. rostrata (Østrup) Schulz, 
though this combination may be invalid according to 
Kociolek et al. (2018). The binomen “Achnanthidium 
rostrata” appeared in Mills (1933) as a mistake so the 
combination was neither valid nor accepted by Mills. 
Cleve–Euler (1953) invalidly published “A. haynaldii 
‘eta’ borussica (sic)” as a new name for A. lanceolata var. 
rostrata sensu Schulz (1926), with no clear indication 
of rank. Krammer & Lange–Bertalot (1991) placed 
this taxon to subspecies level within A. lanceolata, 
proposing A. lanceolata subsp. rostrata. This combi-
nation was purportedly validated in Lange–Bertalot 
(1993) where the place of publication of the basionym 
is entirely cited but became again illegitimate by hom-
onymy with Hustedt’s taxon. Round & Bukhtiyarova 
(1996) raised the variety to species level combining 
it with Planothidium as P. rostratum, but cited incor-
rectly the basionym, so the name is considered again 
invalid in Silva (2010). However, such citation errors 
do not prevent valid publication of new combinations 
(ICN, Art. 41.8, Turland et al. 2018). This situation 
was corrected by Lange–Bertalot (1999) proposing 
Planothidium rostratum (Østrup) Lange–Bertalot, a 
later isonym of Round et Bukhtiyarova’s combination. 
Formerly, Lange–Bertalot (1997) had also combined 
the taxon into the superfluous genus Achnantheiopsis 
as Achnantheiopsis rostrata (Østrup) Lange–Bertalot. 
Contrary to A. lanceolata var. rostrata, the name P. 
rostratum (as Achnanthes rostrata) has been profusely 
investigated and illustrated (e.g., Gasse 1980; Loseva 1982; 
Moss & Carter 1982; Fabri & Leclercq 1984; Straub 
1985; Round & Bukhtiyarova 1996; Cocquyt 1998).

Confusion between Hustedt and Østrup taxa may 
have arisen from the proposal in widely known floristic 
works of A. rostrata Østrup as a presumable synonym 
of A. lanceolata var. rostrata Hustedt (see Krammer & 
Lange–Bertalot 1991; Lange–Bertalot 1997), thus 
conferring nomenclatural priority to A. rostrata. This has 
been suggested by Moss & Carter (1982) and Lowe & 
Cody (2002) who stated that Hustedt, in the protologue 
dated on 1911, just reduced Østrup’s A. rostrata to a 
varietal status within A. lanceolata. However, Hustedt 
(1911) described a clearly new taxon based on his own 
material. This transfer was never followed in any of the 
other Hustedt works (Hustedt 1930, 1959) as mentioned 
in the discussion Lange–Bertalot & Krammer (1989) 

added on this topic. Hustedt (1930) only presented A. 
lanceolata var. rostrata Hustedt “as a transitional form 
or synonym of [...] A. rostrata Østrup”.

Moss & Carter (1982) presented an emended 
description of A. lanceolata and A. rostrata based on 
the examination of original materials, re–establishing 
Østrup species on the basis of the presence of a true 
cavum (and not a sinus) in the rapheless valve as a 
main differential character, although this discrimination 
was later criticized by Krammer & Lange–Bertalot 
(1991) who had observed transitional forms between 
both structures in this clade, hence rejecting also the 
infraspecific classification proposed by Straub (1985, 
1990) of morphotypes belonging to A. rostrata following 
Moss & Carter’s work. 

Krammer & Lange–Bertalot (1991, p. 334) 
proposed to differentiate these taxa based on the pres-
ence of up to three rows of areolae in the rapheless 
valve of A. lanceolata var. rostrata and four or more in 
A. rostrata. Finally, Lange–Bertalot (1993) clearly 
separated both taxa placing them in different subspecies 
within A. lanceolata on the basis of their different valvar 
ultrastructure and biogeography, though their distribution 
areas overlap in America. Indeed, our observations on 
the type material of A. lanceolata var. rostrata from the 
Wümme River (i.e. P. rostratoholarcticum) corroborate 
the presence of 2–3 rows of areolae in the striae in popu-
lations from Europe (Germany, Spain and Switzerland) 
(Figs 120–139) compared to the Asiatic populations 
(Figs 109–119) which are usually formed by up to four 
rows of areolae hence decreasing slightly the number of 
striae on the valve due to the larger dimensions of each 
stria and narrower virga.

Finally, the long confusion concerning the typi-
fication of the “rostrata” name recently ended with the 
publication of P. rostratoholarcticum replacing Achnanthes 
lanceolata var. rostrata Hustedt in Hustedt (1911, p. 
279, pl. 3, fig. 34 a–b) and excluding the synonym of 
Achnanthes rostrata Østrup in Østrup (1902). Lange–
Bertalot (1993) definitively classified var. rostrata 
under subsp. frequentissima, proposing A. lanceolata 
subsp. frequentissima var. rostratiformis Lange–Bertalot 
to name this taxon. The epithet “rostratiformis” was 
explicitly elected to avoid homonymy with A. lanceolata 
subsp. rostrata (Østrup) Lange–Bertalot in Krammer & 
Lange–Bertalot (1991), validated in the same work 
but based in a different taxon (A. rostrata). This combi-
nation became illegitimate under ICN Art. 11 (see also 
Art. 26 and Art. 53.3) (Turland et al. 2018), as stated in 
Kociolek et al. (2018), since it represents a superfluous 
new name to replace an earlier, valid one. Moreover, the 
placing of var. rostrata under subsp. rostratiformis does 
not constitute a change in nomenclatural status. Finally, 
Achnanthes lanceolata f. rostrata Esyreva, published in 
1945, is also a later homonym for this taxon.
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Planothidium tujii C.E.Wetzel et Ector sp. nov. (Figs 
140–163, LM; 218–223, SEM)

LM (Figs 140–163): Valves lanceolate to broadly 
elliptic–lanceolate with convex margins and rostrate 
apices. Valve dimensions: length 13.0–14.5 µm, width 
5.0–6.0 µm. Rapheless valve (Figs 140–151): axial area 
narrow, linear, slightly expanded in the central area op-
posite to the widely open cavum. Striae weakly radiate 
throughout the entire valve, 14–16 in 10 µm, measured 
at the central part of the valve opposite to the cavum. 
Raphe valve (Figs 152–163): axial area narrow, linear, 
widening near the central area. Central area rectangular 
to slightly round bordered on each side by usually two 
shortened striae. Raphe branches straight with expanded, 
drop–like proximal raphe endings.

SEM (Figs 218–223): Rapheless valve (Figs 218–221): 
striae composed externally of three to four rows of small 
rounded areolae. Striae located at the central area becoming 
narrower towards the axial area (Figs 218, 219) continu-
ing shortly on the valve mantle. Irregular and shallow 
rounded depressions present along the axial area and 
concentrated in the central area (Figs 218, 219) as well 
as on the virgae. Cingulum composed of unperforated 
copulae. Internally, cavum with a prominent aperture 
towards the mantle (Figs 220, 221); areolae covered by 
individual hymenes (Figs 220, 221). Raphe valve (Figs 
222, 223): striae externally having about the same size 
as the virgae, composed of usually four (down to two) 
rows of rounded areolae (Fig. 222). Shortened central 
striae gradually narrower towards the axial area (Fig. 
222). External raphe straight, with proximal ends showing 
expanded pores (Fig. 222). Distal raphe fissures unilat-
erally bent, continuing shortly onto the valve mantle 
(Fig. 222). Proximal raphe endings internally deflected 
to opposite sides (Fig. 223). Terminal raphe endings 
terminating on faint helictoglossae, shortly continuing 
on the valve mantle (Fig. 223).

Type: JAPAN. Yamagata Prefecture, Yuza, River Araizawa. 
Material TNS–AL–61807 illustrated in Algae Aquae Dulcis 
Japonicae Exsiccatae (Tuji 2014, p. 15, prep. n° 114). 
Slide prepared from strain Ak807 at National Museum 
of Nature and Science (TNS), Tsukuba, Japan (TNS).

Etymology: The species is dedicated to Dr. Akihiro 
Tuji (National Museum of Science and Nature, Tsukuba, 
Japan) who kindly sent us the material from Japan.

Taxonomic remarks: Planothidium tujii was identified 
as Planothidium rostratum apud Tuji (2014, p. 15, prep. 
n° 114 in Algae Dulcis Japonicae Exsiccatae, Fasc. VI). 
We consider the differences on broader and elliptic valves, 
along with a finer and more delicate striation patterns 
as sufficient to justify the separation of P. tujii from P. 
rostratum and P. rostratoholarcticum whose cells show 
a more squared morphological outline. Moreover, the 

valve surface patterns (i.e. irregularly shallow rounded 
depressions) render the species more similar to the spe-
cies–complex around P. frequentissimum, P. victori and 
P. naradoense [see Jahn et al. 2017, figs 236, 345 and 
368, respectively and Zimmermann et al. 2014, fig. 3d 
for P. caputium]. Both P. rostratum and P. rostratohol-
arcticum present instead irregular lines along the axial 
area and scattered along the central area.

Planothidium gallicum C.E.Wetzel et Ector sp. nov. 
(Figs 164–185, LM; 224–229, SEM)
− Achnanthes lanceolata (Brébisson) Grunow apud Lange–Bertalot 
& Krammer (1989, pl. 85, figs 1, 2); − Achnanthes lanceolata ssp. 
biporoma (Hohn et Hellerman) Lange–Bertalot apud Krammer & 
Lange–Bertalot (1991, pl. 43, figs 33, 34).

LM (Figs 164–185): Valves lanceolate to broadly ellip-
tic–lanceolate with convex margins and rostrate apices. 
Valve dimensions: length 14.0–17.0 µm, width 5.5–6.5 
µm. Rapheless valve (Figs 164–174): axial area narrow, 
linear, slightly expanded in the central area opposite to 
the cavum. Central area with a unilateral, large, horse-
shoe–shaped, hyaline area with a clearly visible cavum. 
Striae weakly radiate throughout the entire valve, 14–18 
in 10 µm (mean = 15), measured at the central part of 
the valve opposite to the cavum. Raphe valve (Figs 
175–185): axial area narrow, linear, widening near the 
central area, the latter irregularly rectangular, usually 
bordered on each side by two shortened striae. Fascia 
never present. Raphe branches straight with expanded, 
drop–like proximal raphe endings.

SEM (Figs 224–229): Valve mantle shallow. Rapheless 
valve (Figs 224–227): striae composed externally of three 
to four rows of small rounded areolae (Figs 224, 225). 
The striae located at the central area (i.e. not becoming 
narrower towards the axial areal. Striae continuing shortly 
on the valve mantle (Fig. 224). Internal areolae covered 
by individual hymenes (Figs 226, 227). Irregular, shal-
low rounded depressions present along the axial area 
and concentrated near the central area (Figs 224, 225). 
Virgae usually narrower towards the apices. Cingulum 
composed of open, unperforated copulae (Fig. 225). 
Internally, cavum with a prominent aperture towards the 
mantle (Figs 226, 227). Raphe valve (Figs 228, 229): 
striae having about the same size as the virgae in the 
middle of the valve, composed of usually four rows of 
rounded areolae (Fig. 228). Two to three shorter central 
striae present at the central area (Fig. 228). Proximal 
external raphe endings straight, terminating in expanded 
pores (Fig. 228). Terminal raphe fissures unilaterally 
bent, continuing shortly onto the valve mantle (Fig. 228). 
Internally, raphe valve having a slightly raised central 
nodule, with proximal raphe endings deflected to opposite 
sides (Fig. 229). Terminal raphe endings terminating on 
faint helictoglossae (Fig. 229). 

Type: FRANCE. Saunus River at Magescq, Landes 
department in Nouvelle–Aquitaine, south–western 
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France. Slide BR–4528 deposited at Meise Botanic 
Garden (Belgium).

Etymology: We refer to Gallia (English: Gaul), a region 
of Western Europe during the Iron Age occupied nowa-
days mostly by France and Belgium.

Taxonomic remarks: — Images of Planothidium gal-
licum were published within the “Achnanthes lanceolata 
(Brébisson) Grunow (sensu latissimo)” by Lange–
Bertalot & Krammer (1989, pl. 85, figs 1, 2) from a 
population collected in Finland. The same images were 
published afterwards as Achnanthes lanceolata ssp. 
biporoma (Hohn et Hellerman) Lange–Bertalot sensu 
Krammer & Lange–Bertalot (1991, pl. 43, figs 33, 
34). The most similar is Planothidium tujii from which 
it differs mainly in having a higher stria density and 
slightly wider cells (Fig. 230). The more pronounced 
rostrate apices also add to the differences between the 
European (P. gallicum) and the Asiatic species (P. tujii). 
A thorough discussion on the identity of Planothidium 
biporomum complex based on type materials was pub-
lished in Wetzel et al. (2013).

Planothidium alekseevae Gogorev et Lange in Gogorev 
& Lange (2015) (Figs 186–199, LM; 231–238, SEM)
− Achnanthes rostrata Østrup ‘type capité’ (type morphologique 
r5) apud Straub (1985, pl. 4, fig. 57; pl. 6, fig. 87; pl. 7, figs 101, 
102); − Achnanthes lanceolata ssp. biporoma (Hohn et Hellermann) 
Lange–Bertalot sensu Krammer & Lange–Bertalot (1991, pl. 43, 
figs 35–40).

LM (Figs 186–199): Valves lanceolate to elliptic–lan-
ceolate with convex margins and rostrate apices. Valve 
dimensions: length 9.5–13.5 µm, width 4.5–5.0 µm. 
Rapheless valve (Figs 186–197): axial area narrow, linear 
and slightly expanded in the central area opposite to the 
cavum. Central area having a unilateral large horseshoe–
shaped hyaline area with a clearly visible cavum. Striae 
weakly radiate throughout the entire valve, 14–16 in 10 
µm (mean = 15), measured at the central part of the valve 
opposite to the cavum. Raphe valve (Figs 198, 199): axial 
area narrow, linear, widening near the central area, the 
latter irregularly rectangular, bordered on each side by 
one to two shortened striae. Raphe branches straight with 
expanded, drop–like proximal raphe endings.

SEM (Figs 231–238): Rapheless valve (Figs 231–233): 
striae composed externally of four (sometimes three near 
the axial area) rows of small rounded areolae (Figs 231, 
232). Striae continuing shortly onto the valve mantle 
(Fig. 232). Valve surface rather smooth (Fig. 232) with 
only a few rounded depressions near the central area. 
Virgae narrow. Cingulum composed of open, unperforated 
copulae (Fig. 232). Internally, cavum with a prominent 
aperture, opening towards the mantle (Fig. 233). Raphe 
valve (Figs 234–238): striae slightly larger than the virgae 
in the middle of the valve, composed of usually four rows 
of rounded areolae (Figs 234–236). Up to two shorter 

striae surrounding the central area (Fig. 235). Proximal 
external raphe endings straight, terminating in expanded 
pores (Figs 234–236). Terminal raphe fissures unilaterally 
bent, continuing shortly onto the valve mantle (Figs 234, 
236). Internally, raphe valve with slightly raised central 
nodule (Fig. 237). Proximal raphe endings deflected to 
opposite sides (Figs 237, 238). Terminal raphe endings 
terminating on faint helictoglossae (Fig. 237). Valve 
mantle relatively shallow. Two to three small areolae 
per striae found on the mantle.

Observed material: Switzerland. Lac des Taillères, 
Neuchâtel. Sample P–35, deposited at Musée d’Histoire 
Naturelle La Chaux–de–Fonds (CH).

Taxonomic remarks: Planothidium alekseevae was 
recently described by Gogorev & Lange (2015, p. 15, 
pl. 1, figs 1–15; pl. 2, figs 3–5) from the uppermost 
brackish–water layer of the subpolar meromictic Lake 
Mogilnoye (Kildin Island, Barents Sea, Russia). The 
species however, was illustrated for the first time in 
the literature by Straub (1985, pl. 6, fig. 87; pl. 7, figs 
101, 102) from a littoral epilithic sample from the Lac 
des Taillères (Switzerland), but placed in an infraspe-
cific rank. Straub (1985) included the species within 
A. rostrata var. magna F.Straub ‘race’ or ‘sippen r5’, 
arguing that it would correspond, based on its dimen-
sions and form to Achnanthes lanceolata var. capitata 
O.Müller. A recent revision of the types of Planothidium 
capitatum (O.Müller) Van de Vijver et al., Planothidium 
haynaldii (Schaarschmidt) Lange–Bertalot (Wetzel et al. 
2014) and P. biporomum (Wetzel et al. 2013) allowed 
Gogorev & Lange (2015) to describe P. alekseevae 
and thus it should be considered as an independent and 
recognisable species. The sample from Lac des Taillères 
was also illustrated by Krammer & Lange–Bertalot 
(1991, 2004, pl. 43, figs 35–40) within the P. biporomum 
complex and is detailed here in SEM. So far, the spe-
cies has been observed in several localities in Russia 
by Genkal & Trifonova (2009, p. 41, pl. 61, figs 8, 
9), Genkal et al. (2013, p. 69, pl. 26, figs 79–90) and 
Chudaev & Gololobova (2016, pl. 129, figs 23–35). 
Additional observations include several populations in 
coastal rivers in Belgium (Van de Vijver, pers. obs.) and 
most likely also specimens illustrated by Metzeltin et 
al. (2005, pl. 34, figs 15, 16) from Uruguay showing 
high similarity in LM.

Planothidium potapovae C.E.Wetzel et Ector sp. nov. 
(Figs 200–210, LM; 239–246, SEM)
− “Achnanthes lanceolata var. (?)” in Lange–Bertalot & Krammer 
(1989, pl. 86, figs 41–43); − Achnanthes lanceolata ssp. rostrata 
(Østrup) Lange–Bertalot sensu Krammer & Lange–Bertalot (1991, 
pl. 43, figs 12–14); = Planothidium rostratum (Østrup) Lange–Bertalot 
sensu Potapova (2010) pro parte, , i.e. figs 1−3, LM.

LM (Figs 200–210): Valves lanceolate to broadly el-
liptic–lanceolate with strongly rostrate apices. Valve 
dimensions: length 11.5–14.5 µm, width 5.0–6.0 µm. 
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Rapheless valve (Figs 200–207): axial area linear–
lanceolate widening considerably towards the central 
area. Striae weakly radiate throughout the entire valve, 
shorter near the central area, 12–14 in 10 µm (mean = 
13), measured at the central part of the valve opposite 
to the cavum. Raphe valve (Figs 208–210): axial area 
narrow with a wide rectangular central area bordered 
on each side by one to three shortened striae. Raphe 
branches straight with expanded, drop–like proximal 
raphe endings.

SEM (Figs 239–246): Rapheless valve (Figs 239–244): 
striae composed externally of four (sometimes three near 
the axial area) rows of small rounded areolae (Figs 239, 
240). Striae continuing shortly onto the valve mantle 
(Fig. 239) by groups of up to nine areolae (two rows of 
4 to 5 poroids, Fig. 243). Valve surface rather smooth 
with strongly marked irregular lines concentrated near 
the central area and along the axial area (Figs 239, 240). 
Virgae narrow. Cingulum composed of open, unperforated 
copulae (Fig. 245). Internally, cavum with a prominent 
aperture towards the mantle (Fig. 241). External raphe 
valve (Fig. 245) with lanceolate striae composed of four 
to two rows of rounded areolae. Central striae narrower 
towards the axial area. Proximal external raphe endings 
straight, terminating in expanded pores (Fig. 245). Terminal 
raphe fissures unilaterally bent, continuing shortly onto 
the valve mantle (Fig. 245). Internal raphe valve with 
slightly raised central nodule (Fig. 246). Proximal raphe 
endings deflected to opposite sides (Fig. 246). Terminal 
raphe endings terminating on faint helictoglossae (Fig. 
246). Valve mantle relatively shallow. Two to three small 
areolae per striae observed at the mantle (Fig. 245).

Type: France. River La Boute Vive at Sainte–Montaine, 
Centre–Val de Loire region. Slide BR–4529 deposited 
at Meise Botanic Garden (Belgium).

Etymology: We dedicate this species to Dr. Marina 
Potapova (Academy of Natural Sciences, Drexel 
University, Philadelphia, USA).

Taxonomic remarks: The new species is separated from 
P. rostratum and P. rostratoholarcticum based on its 
distinct wide central area on both valves. An additional 
difference can be found in its striae showing up to five 
rows of areolae on the valve mantle. The species has been 
included in the rostratum complex and was previously 
illustrated by Lange–Bertalot & Krammer (1989, pl. 
86, figs 41–43) as “Achnanthes lanceolata var. (?)” from 
Firehole River (Yellowstone, USA) and as Achnanthes 
lanceolata ssp. rostrata (Østrup) Lange–Bertalot by 
Krammer & Lange–Bertalot (1991, pl. 43, figs 12–14, 
pro parte). Similar populations are currently illustrated 
by Potapova (2010) in the Diatoms of USA web site and 
Peeters & Ector (2018, p. 143, figs 1–3, as Planothidium 
sp. 2) in La Cure River at Foissy, Côte–d’Or department, 

Bourgogne–Franche–Comté region, France. Other popu-
lations from North America include Canada (Lavoie et 
al. 2008, pl. 13, as “Planothidium rostratum” pro parte, 
including one raphe valve image).

Planothidium brasiliense C.E.Wetzel et S.Blanco sp. 
nov. (Figs 211–217 LM)

LM (Figs 211–217): Valves lanceolate to elliptic–lanceolate 
with convex margins and rostrate apices. Valve dimensions: 
length 20–28 µm, width 7.0–8.0 µm. Rapheless valve 
(Figs 211–214): axial area narrow, linear and slightly 
expanded in the central area opposite to the cavum. 
Central area with a unilateral large horseshoe–shaped 
hyaline area presenting a cavum. Striae weakly radiate 
throughout the entire valve, 15–17 in 10 µm (mean = 
16), measured at the central part of the valve opposite 
to the cavum. Raphe valve (Figs 215–217): axial area 
narrow, linear. Central area rectangular, bordered on each 
side by two to three shortened striae. Raphe branches 
straight with inconspicuous raphe endings.

Type: BRAZIL. Ribeirão das Ostras, Eldorado, São 
Paulo. Sample SP–255765 housed at the herbarium of 
the Instituto de Botânica de São Paulo (SP).

Taxonomic remarks: Planothidium brasiliense is sepa-
rated from other ‘rostrate’ species in the “P. rostratum”–
complex by its larger valves and by its unique areolation 
pattern. The cavum aperture is wider than other species 
within the complex. Unfortunately, due the rarity of the 
species in the samples, SEM observations are lacking.

Planothidium frequentissimum (Lange–Bertalot) 
Lange–Bertalot in Lange–Bertalot 1999 (Figs 
251–282, LM; 344–353, SEM)
≡ Achnanthes lanceolata var. dubia f. minuta Grunow in Van Heurck 
(1882–1885, p. 65); − Achnanthes lanceolata ssp. frequentissima Lange–
Bertalot in Krammer & Lange–Bertalot (1991, p. 78); − Achnanthes 
lanceolata ssp. frequentissima Lange–Bertalot in Lange–Bertalot 
(1993, p. 4); − Achnantheiopsis frequentissima (Lange–Bertalot) 
Lange–Bertalot in Lange–Bertalot (1997, p. 207).

LM (Figs 251–282): Valves lanceolate to weakly elliptic–
lanceolate with convex margins and rostrate, protracted 
apices (never capitate). Valve dimensions (n=32): length 
7.0–15.5 µm, width 4.0–5.5 µm. Rapheless valve (Figs 
251–266): axial area narrow, straight, linear. Central area 
with a unilateral small horseshoe–shaped hyaline area 
presenting a cavum. On the opposite side, striae either 
not shortened or sometimes slightly shortened, form-
ing hence a small circular area. Striae weakly radiate 
throughout the entire valve, 14–17 in 10 µm, measured 
at the central part of the valve opposite to the unilateral 
expansion. Raphe valve (Figs 267–282): axial area nar-
row, linear, widening near the central area. Central area 
rectangular to slightly rounded bordered on each side by 
usually two up to three shortened striae. Raphe branches 
straight with expanded, drop–like proximal raphe endings. 
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Terminal raphe fissures unilaterally deflected. Striae 
radiate throughout the entire valve, 14–17 in 10 µm.

SEM (Figs 344–353): Rapheless valve (Figs 344–348): 
striae composed externally of three to (usually) four 
rows of small same–sized round areolae (Figs 344–347). 
Striae continuing uninterruptedly shortly onto the valve 
mantle (Fig. 344). Valve surface with shallow, rounded 
to irregularly shaped depressions along the apical axis, 
mainly concentrated at the central area (Figs 344, 345, 
347). Internally, cavum with a narrow aperture towards 
the mantle (Fig. 348). Raphe valve (Figs 349–353): striae 
broader than the virgae, composed of three to four rows 
of rounded areolae (Fig. 349), not extending onto the 
mantle. Striae internally sunken between raised virgae 
(Figs 351, 353). Areolae internally covered by individual 
hymenes (Fig. 351). Proximal external raphe endings 
straight terminating in expanded pores (Figs 349, 350, 
352). Terminal raphe fissures bent, continuing shortly 
onto the valve mantle (Figs 349, 352). Internally, central 
nodule raised, with proximal raphe endings deflected to 
opposite sides (Fig. 353), terminating inconspicuously. 
Terminal raphe endings terminating on faint helictoglos-
sae, shortly continuing on the valve mantle (Fig. 353).

Type: BELGIUM. Brussels. Delogne Coll. as Achnanthes 
lanceolata var. dubia f. minuta Grunow, slide n° 236 in 
Van Heurck Collection, Meise Botanic Garden (BR!).

Remarks: The name ‘Achnanthes lanceolata var. dubia 
Grunow f. minuta’ appeared for the first time as a ‘no-
men nudum’ in the set of slides included in the ‘Types 
du Synopsis des Diatomées de Belgique’, Série X, p. 
69, slide n° 236, from a sample collected in ‘Bruxelles 
(Belgique)’ (Fig. 247). The ‘Types’ included notes and 
diagnoses provided by Grunow, but in the case of the 
above–mentioned species, these notes did not bear 
any additional information apart of the name. In Van 
Heurck (1880, 1885) only the nominate variety dubia 
is presented and illustrated while the forma minuta re-
mained somewhat obscure, only appearing in the set of 
slides provided by Van Heurck (1885, p. 69). Patrick 
& Reimer (1966, p. 271, pl. 18, figs 13–15, here repro-
duced in Fig. 248) observed the ‘Type’ slide n° 236 and 
included it under the variety dubia despite clear differ-
ences in size depicted on figures 13–15 (corresponding 
to ‘P. frequentissimum’) and figs 11–12 corresponding to 
Planothidium dubium (Grunow) Round & Bukhtiyarova in 
Round & Bukhtiyarova (1996). The same slide (“Type 
n° 236”) was also observed by Moss & Carter (1982, 
here reproduced in Fig. 249) when finally, the difference 
between species with ‘cavum’ and ‘sinus’ started to be 
understood and discerned, a step that revolutionized our 
understanding of species bearing the name ‘Achnanthes 
rostrata’ and ‘Achnanthes lanceolata’. Moss & Carter 
(1982) included Van Heurck’s slide 236 as well as the 
slide BM 26547 from London within the same concept 
including the whole complex under the name Achnanthes 

rostrata Østrup, as depicted in their figures 16–25. In 
this context, Lange–Bertalot & Krammer (1989, p. 
87) invalidly introduced the varietal epithet ‘frequentis-
sima’ (as a “Manuskriptnamen”) for the species placed 
under the variety dubia f. minuta (i.e. ‘falschen dubia–
Sippen’). They remarked that the “Sippe aus Brüssel” 
was cosmopolitan and widespread. For Lange–Bertalot 
& Krammer (1989) Planothidium frequentissimum 
“regularly occurs in heavily contaminated wastewater 
biotopes” [free translation]. However, “(...) Because all 
stages of development in mixed populations invariably 
differentiate easily, they may or may not be two types or 
subtypes. However, it is not easy to see that the “false 
dubia ‘demes’”, who are everywhere very often repre-
sented, should be synonymous with the (much rarer) 
A. rostrata ‘demes’ [free translation]. Populations of 
P. frequentissimum seem to be less often observed than 
its allied species P. victori, which is discussed below.

Planothidium victori Novis, Braidwood et Kilroy in 
Novis, Braidwood et Kilroy (2012) (Figs 283–343, 
LM; 354–361, SEM)
= Achnanthes rostrata var. magna F.Straub in Straub (1985, p. 139, 
pl. 10, fig. 142; pl. 11, fig. 142b); − Achnanthes lanceolata var. magna 
(F.Straub) Lange–Bertalot in Krammer & Lange–Bertalot (1991, 
p. 79, as “Achnanthes lanceolata subsp. frequentissima var. magna”, 
nom. inval.);  − Achnanthes lanceolata var. magna (F.Straub) Lange–
Bertalot in  Lange–Bertalot (1993, p. 5, as “Achnanthes lanceolata 
subsp. frequentissima var. magna”, nom. inval.); − Achnantheiopsis 
frequentissima var. magna (F.Straub) Lange–Bertalot in Lange–
Bertalot (1997, p. 207); = Planothidium frequentissimum var. mag-
num (F.Straub) Lange–Bertalot in Lange–Bertalot (1999, p. 282); 
= Planothidium caputium J.Zimmermann et R.Jahn in Zimmermann 
et al. (2014, p. 16, fig. 4.3a–h). 

LM (Figs 283–343): Valves lanceolate to weakly el-
liptic–lanceolate with convex margins and rostrate, pro-
tracted apices (never capitate). Valve dimensions: length 
4.5–19.5 µm, width 4.0–5.5 µm. Rapheless valve (Figs 
283–297, 307–330): axial area narrow, straight linear. 
Central area with a unilateral small horseshoe–shaped 
hyaline area with a cavum. On the opposite side, striae 
either not shortened or sometimes slightly shortened, 
forming hence a small circular central area. Striae 
weakly radiate throughout the entire valve, 14–18 in 10 
µm, measured at the central part of the valve opposite 
the unilateral expansion. Raphe valve (Figs 298–306, 
331–343): axial area narrow, linear, widening near the 
central area. Central area rectangular to slightly rounded, 
usually bordered on each side by two, occasionally three, 
shortened striae. Raphe branches straight with expanded, 
drop–like proximal raphe endings. Terminal raphe fis-
sures unilaterally deflected. Striae radiate throughout 
the entire valve, 14–17 in 10 µm.

SEM (Figs 354–361): Rapheless valve (Figs 354–357): 
striae composed externally by three to (usually) four 
rows of small same–sized round areolae (Figs 354–356). 
Striae continuing shortly, uninterruptedly onto the valve 
mantle (Figs 354–356). Valve surface with shallow 
rounded irregular depressions along the apical axis, 
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mainly concentrated at the central and axial area (Figs 
354–356). Internally, cavum with a wide aperture towards 
the mantle (Fig. 357). Raphe valve (Figs 358–361): striae 
broader than the virgae, composed of four (sometines 
three) rows of rounded areolae (Figs 358, 360), some-
times with smaller areolae extending onto the mantle 
(Fig. 358), but usually located on the valve face. Striae 
internally sunken between raised virgae (Figs 359, 361). 
Areolae internally covered by individual hymenes (Figs 
359, 361). Proximal external raphe endings straight, 
terminating in expanded pores (Figs 358, 360). Terminal 
raphe fissures bent, continuing shortly onto the valve 
mantle (Figs 358, 360). Internally central nodule raised, 
with proximal raphe endings deflected to opposite sides 
(Figs 359, 361). Terminal raphe endings ending on faint 
helictoglossae (Figs 359, 361).

Type: NEW ZEALAND. Canterbury, Styx River (lat. 
43°27.80', long. 172°36.21'), periphyton, P.M. Novis and 
J. Braidwood, 4 November 2009 (CHR618408; cleaned 
frustules made from culture LCR–S:18:1:1). DNA Bank 
accession n°: JQ610172 (rbcL) and JQ610164 (18S).

Observed material: Switzerland. Lake Loclat, Neuchâtel. 
Sample P–223 deposited at Musée d’Histoire Naturelle 
La Chaux–de–Fonds (CH P–223); GERMANY. Borgfeld, 
Bremen. Wümme River (Bremerhaven BRM, sample 
E991 at the Hustedt diatom collection).

Remarks: Straub (1985, 1990) investigated several 
populations of Achnanthes from the Jura Mountains 
(Switzerland) and found six morphological “Sippen” 
or groups, which were distinguished according to their 
cell size and valve outline. These populations were also 
illustrated by Lange–Bertalot & Krammer (1989), 
Krammer & Lange–Bertalot (1991) and Lange–
Bertalot (1993) who presented the first micrographs 
of Straub’s populations from Swiss lakes. Among them 
Straub (1985) described Achnanthes rostrata var. 
magna. Its iconotype is reproduced in Fig. 284, among 
LM images from the same population from Lake Loclat 
(Switzerland) (Figs 283, 285–290, 292–306). The longer 
cells show an elongated outline while the smaller ones 
tend to be elliptic (Figs 295–297).

We consider this taxon to be a synonym of P. vic-
tori, which has priority at the species level over Straub’s 
variety. We also include here for the sake of comparison, 
one additional population to show the morphological 
variability of what we consider P. victori: the popula-
tion illustrated in Figures 307–343 found in the sample 
from Wümme River (BRM–E991, the lectotype of P. 
rostratoholarcticum) is here chosen to represent the 
most common phenotype of this group of species in the 
P. frequentissimum–complex. The species differs slightly 
from P. frequentissimum sensu stricto (Figs 251–282) that 
possesses cells with a rhombic–lanceolate valve outline 
and a wider axial area. Differences on ultrastructural 
aspects (SEM) are hardly found (such as areola number 

per stria, presence of a shallow depression on the valve 
surface, similar cavum aperture). Achnanthes lanceolata 
var. magna (= P. victori) seems to be the most common 
diatom form the “frequentissimum/rostratum–group” 
found in Europe. Planothidium caputium is currently 
regarded as a synonym of P. victori (Jahn et al. 2017), 
described on the basis of a teratological clone (Novis et 
al. 2012). Data derived from rbcL sequencing justify the 
conspecificity of both taxa (Jahn et al. 2017).

Planothidium straubianum C.E.Wetzel, Van de Vijver 
et Ector sp. nov. (Figs 362–385, LM; 440–443, SEM)
= Achnanthes rostrata Østrup var. minor (Schulz) F.Straub sensu 
Straub (1985, p. 139); − “Achnanthes rostrata type allongé–elliptique” 
(type morphologique ‘r3’) in Straub (1985, pl. 4, fig. 59; pl. 6, figs 
77–82; pl. 7, figs 92–94).

LM (Figs 362–385): Valves elliptic–lanceolate with 
slightly parallel margins and round, obtuse ends. Valve 
dimensions: length 6.0–14.0 µm, width 4.0–5.5 µm. 
Rapheless valve (Figs 362–373, 381–383): axial area 
narrow, straight linear occasionally slightly expanded 
(Fig. 368). Central area showing a unilateral small and 
narrow horseshoe–shaped hyaline area with a cavum. Striae 
weakly radiate throughout the entire valve, 14–18 in 10 
µm, measured at the central part of the valve opposite the 
unilateral expansion. Raphe valve (Figs 374–380, 384, 
385): axial area narrow, widening near the central area. 
Central area transapically elliptic, bordered on each side 
(asymmetrically) by one to two shortened striae. Raphe 
branches straight with expanded, drop–like proximal raphe 
endings. Terminal raphe fissures unilaterally deflected. 
Striae radiate throughout the entire valve.

SEM (Figs 440–443): Rapheless valve (Figs 440, 441, 
443): striae composed externally of four to five rows of 
small same–sized round areolae arranged in quincunx 
(Fig. 440). Striae continuing shortly without interrupted 
onto the valve mantle (Fig. 440). Valve surface with 
shallow, rounded, irregular depressions along the api-
cal axis, mainly concentrated at the central area (Fig. 
440). Internally, cavum with a narrow aperture opening 
towards the mantle (Figs 441, 443). Raphe valve (Fig. 
442): striae broader than the virgae, composed of three 
to four rows of rounded areolae (Fig. 442), slightly 
extending onto the mantle. Proximal external raphe 
endings straight terminating in expanded pores (Fig. 
442). Terminal raphe fissures bent, continuing shortly 
onto the valve mantle (Fig. 442).

Type: SWITZERLAND. Lac des Taillères, Neuchâtel 
(Sample P–35). Slide BR–4531 deposited at Meise 
Botanic Garden (Belgium).

Etymology: We dedicate this species to François Straub 
(PhycoEco, La Chaux–de–Fonds, Switzerland).

Remarks: Krammer & Lange–Bertalot (1991) originally 
placed this taxon within the Achnanthes lanceolata ssp. 
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frequentissima complex. Krammer & Lange–Bertalot 
(1991, pl. 44, figs 4–9) illustrated several valves of the 
two populations (‘r2’ and ‘r3’) mentioned in Straub 
(1985). The current analysis of the material from Lac 
des Taillères showed clearly that there is no difference 
between the two populations, and that they actually form 
a continuum from small to larger valves, as can be seen 
in Figures 362–385. A few years prior to that publication, 
Straub (1985) invalidly made a new combination (since 
no basionym was formally indicated) for Achnanthes 
lanceolata var. elliptica f. minor Schulz, transferring it 
into a variety of A. rostrata: Achnanthes rostrata Østrup 
var. minor (Schulz) F.Straub. Schulz (1926) illustrated 
small–celled, rounded valves, clearly belonging to the 
genus Planothidium, but showing important differences 
with the illustrations shown in Straub (1985). The 
rapheless valve, depicted by Schulz (1926, fig. 42a) 
shows distinctly punctated striae, as was also shown by 
Cleve–Euler (1953, fig. 527 å). Straub (1985) on the 
other hand shows the typical Planothidium–type broad 
striae without any areolae separately distinguishable. 
The confusion most likely arose with the publication of 
Cleve–Euler (1953) in which valves with the morphol-
ogy as shown by Straub (1985) were identified as the 
Schulz–taxon. Conspecificity between the Schulz–taxon 
and the population illustrated by Straub (1985) is thus 
doubtful. Unfortunately, there is no indication where the 
material Paul Schulz used for his publication is kept, 
making the verification of the type of the Schulz–taxon 
at present impossible. In Jahn et al. (2017), a population 
from Lake Baikal (B086_3) was illustrated, showing a 
high morphological similarity to P. straubianum. It was 
identified as P. victori based on rbcL and 18S molecular 
markers grouping together with several strains, including 
the holotype of the latter species. However, as can be 
seen from their figure 1, the B086_3 strain, does actually 
not group entirely together with the P. victori strains but 
was added to the group despite a clear separation from it 
in the diagram. Two other strains grouping in the same 
large cluster (Jahn et al. 2017, fig. 1) were separated, 
without any further explanation, as P. frequentissimum 
and a newly described species P. naradoense R.Jahn et al. 
It is therefore likely that strain B086_3 actually belongs 
to P. straubianum and its inclusion in the P. victori clade 
is only based on an incorrect identification.

Planothidium curtistriatum C.E.Wetzel et Ector sp. 
nov. (Figs 386–414, LM; 444–456, SEM)

LM (Figs 386–414): Valves elliptic–lanceolate with 
convex margins. Larger cells lanceolate but smaller cells 
elliptical–rounded. Valve dimensions: length 5.5–14.5 
µm, width 3.5–5.5 µm. Rapheless valve (Figs 386–400): 
axial area wide, lanceolate. Central area showing a 
unilateral small horseshoe–shaped hyaline area with a 
cavum. Striae short, weakly radiate throughout the entire 
valve, 11–14 in 10 µm, measured at the central part of the 
valve opposite to the unilateral expansion. Raphe valve 

(Figs 401–414): axial area narrow with a weakly defined, 
somewhat squared, central area, bordered on each side 
by two slightly shortened striae. Raphe branches straight 
with expanded, drop–like proximal raphe endings.

SEM (Figs 444–456): Rapheless valve (Figs 444–449): 
striae short, externally composed of three rows of small, 
round areolae (Figs 444–446). The row in the middle 
sometimes show smaller areolae (Fig. 446). One areolae 
(slightly elongated, or merged) is usually present at the 
valve mantle (Figs 445, 446). Striae mainly restricted 
to the valve surface. Valve surface with shallow round 
irregular depressions along the apical axis (Figs 444, 445). 
Internally, cavum with a very narrow aperture towards 
the mantle (Figs 447, 448). Striae deeply sunken in the 
virgae. Internal mantle areolae usually composed by 
two merged and larger areolae (Fig. 447). Raphe valve 
(Figs 450–456): striae broader than the virgae (Fig. 450), 
composed of three to four rows of rounded areolae (Figs 
451–454), not reaching the valve mantle. Central striae 
have a lanceolate shape becoming narrower towards the 
axial area (Fig. 452). Proximal external raphe endings 
straight, ending in conspicuous expanded pores (Figs 
451–454). Terminal raphe fissures bent, continuing 
shortly onto the valve mantle pores (Figs 451–454). 
Proximal raphe ends deflected into opposite directions 
(Figs 455, 456).

Type: FRANCE. River Beaume at Le Brignon, Auvergne–
Rhône–Alpes region. Slide BR–4532 deposited at Botanic 
Garden Meise.

Remarks: Planothidium curtistriatum is perhaps the 
most easily recognizable new species. It shows a large 
hyaline axial area and characteristic short striae on the 
rapheless valves. The species has been found commonly 
in pristine French rivers. We could not find any illustra-
tion of the species in the current literature.

Planothidium hinzianum C.E.Wetzel, Van de Vijver 
et Ector sp. nov. (Figs 415–439, LM;  457–463, SEM)
= Achnanthes lanceolata ssp. frequentissima Lange–Bertalot sensu 
Krammer & Lange–Bertalot (1991, pl. 44, figs 16, 17, 32, 33); 
Achnanthes lanceolata var. elliptica Cleve sensu Archibald & 
Schoeman (1987, figs 16–19) (?).

LM (Figs 415–439): Valves elliptic–lanceolate with 
clearly convex margins and round, acutely ends. Valve 
dimensions: length 8.5–16.5 µm, width 5.0–6.5 µm. 
Rapheless valve (Figs 415–429): axial area narrow, 
widening asymmetrically towards the central area. 
Central area showing a unilateral, more or less horse-
shoe–shaped hyaline area with a cavum. Striae weakly 
radiate throughout the entire valve, becoming strongly 
radiate towards the valve ends, 14–16 striae in 10 µm, 
measured at the central part of the valve opposite to the 
unilateral expansion. Raphe valve (Figs 430–439): axial 
area very narrow, almost not widening near the central 
area. Central area asymmetrical, wedge–shaped, bordered 
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on each side by one to two shortened striae whereas on 
the other side, striae are lacking. Raphe branches straight 
with expanded, drop–like proximal raphe endings. 
Terminal raphe fissures unilaterally deflected. Striae 
radiate throughout the entire valve. 

SEM (Figs 457–463): Rapheless valve (Figs 457–461): 
striae composed externally by one or two (near the axial 
area) up to four (near the valve mantle) small same–
size rounded areolae (Figs 457, 458). Striae abruptly 
interrupted on the valve face/mantle junction. Mantle 
areolae grouped in small groups of 7 to 9 areolae (Fig. 
459). Valve surface with sharp straight depression lines 
irregularly occurring on the axial area but also transapi-
cally oriented on the virgae (Figs 457, 458). Internally, 
the cavum has a prominent aperture towards the mantle 
joining the nearest virgae (Figs 460, 461). Raphe valve 
(Figs 462, 463): striae only slightly broader than the 
virgae, composed of three rows of rounded areolae with 
a short fourth row inserted near the valve margins (Figs 
462, 463). Proximal external raphe endings straight ter-
minating in expanded pores (Figs 462, 463). Terminal 
raphe fissures bent, continuing shortly onto the valve 
mantle (Figs 462, 463).

Type: GERMANY. Wümme River, Borgfeld (Bremen), 
epiphyte on Hypnum. Sample E991. Slide 212/73 in 
Hustedt Collection (BRM!).

Etymology: We dedicate this species to Friedel Hinz 
(Friedrich–Hustedt–Zentrum für Diatomeenforschung, 
Bremerhaven, Germany).

Remarks: Lange–Bertalot & Krammer (1989, pl. 
85, fig. 22) depicted one rapheless valve from southern 
Chile that could belong to P. hinzianum and identified 
it as Achnanthes lanceolata sensu latissimo. A few 
years later, they illustrated another population from the 
Euphrates River (Syria) and included it in A. lanceolata 
ssp. frequentissima (Krammer & Lange–Bertalot 1991, 
pl. 44, figs 32, 33). The species was observed in Portugal 
(Wetzel, pers. obs. in the Rio Tua), Spain (Blanco 
et al. 2010, pl. 43, figs 5, 10, 11), France (Peeters & 
Ector 2018, p. 142, figs 1–18, as Planothidium sp. 1) 
in Ruisseau de Bussy at Laizy, Saône–et–Loire depart-
ment, Bourgogne–Franche–Comté region, France) and 
the sub–Antarctic Region where valves with a more or 
less similar morphology were observed (Van de Vijver, 
per. obs.). The species can hardly be confused with any 
other Planothidium species based on the relatively broad, 
asymmetrical axial area in the rapheless valve and the 
asymmetrical central area in the raphe valve. The valves 
shown in Archibald & Schoeman (1987) from the Great 
Usutu River in Swaziland present a similar asymmetrical 
central area in the raphe valve, a similar valve outline 
and a relatively enlarged axial area in the rapheless 
valve. Further analysis of the Swaziland population will 
be necessary to establish its correct taxonomic position.

Planothidium cavilanceolatum C.E.Wetzel, M.G.Kelly 
et Van de Vijver sp. nov. (Figs 464–514, LM; 515–521, 
SEM)

LM (Figs 464–514): Valves strictly lanceolate with 
weakly convex margins and slightly protracted (in larger 
valves), broadly rounded ends. Smaller valves elliptic–
lanceolate to elliptical. Valve dimensions (n=51): length 
13–30 µm, width 5.0–7.0 µm. Rapheless valve (Figs 
464–476, 490–502): axial area narrow, straight, linear 
only very weakly widening towards the central area. 
Central area with a small unilateral horseshoe–shaped 
hyaline area with a cavum. Striae on the opposite side 
only rarely shortened. Striae almost entirely parallel 
throughout the entire valve, becoming weakly radiate 
near the ends, 12–16 in 10 µm (measured at the central 
part of the valve opposite to the unilateral expansion). 
Raphe valve (Figs 477–489, 503–514): axial area nar-
row. Central area asymmetrical, rather small bordered 
by several shortened striae. Raphe branches straight with 
expanded, drop–like proximal raphe endings.

SEM (Figs 515–521): Rapheless valve (Figs 515, 516, 
519, 521): striae composed externally of three to four 
rows of small rounded areolae (Fig. 515). Striae inter-
rupted at the valve face/mantle junction (Fig. 515) with 
very short striae present on the mantle. Valve surface 
with shallow rounded irregular depressions along the 
entire apical axis (Figs 515, 519). Internally, the cavum 
has a very broad aperture towards the mantle, joining 
the nearest virgae (Figs 516, 521). Raphe valve (Figs 
517, 518, 520): striae slightly broader than the virgae, 
composed of four rows of rounded areolae (Figs 517, 
520). Proximal external raphe endings straight terminat-
ing in expanded pores (Figs 517, 520). Terminal raphe 
fissures bent, continuing shortly onto the valve mantle 
(Fig. 517). Internally, proximal raphe endings deflected 
into opposite directions (Fig. 518). Small helictoglossae 
present at the valve ends (Fig. 518). 

Type: BELGIUM. Flanders, Kleine Beek – Heidebeek, 
sample APM138–2015/2016. Slide BR–4533 deposited 
at Meise Botanic Garden (Belgium).

Additional observed material: United Kingdom. 
Samples from the Poulter River at Elkesley (a tributary 
of the Idle, and ultimately, the Trent River). Sample 
BR–4534 deposited at Meise Botanic Garden (Paratype). 

Remarks: Planothidium cavilanceolatum is the largest 
species within the frequentissimum–complex. Its large 
dimensions are similar to those of P. lanceolatum but the 
latter can be easily separated based on the absence of a 
cavum. Apart from the samples illustrated here (Belgium 
and UK) P. cavilanceolatum has been also observed in 
Spain as P. frequentissimum (Blanco et al. 2010, pl. 
43, figs 1, 2, 19).
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Final remarks and conclusions

It is currently well accepted that accurate taxonomic 
resolution in light microscopy analyses of microalgae is 
essential to achieve high quality, comparable results in 
both floristic analyses and biomonitoring studies (Blanco 
et al. 2017), and that morphometry–based identification 
in diatom taxonomy is discouraged to distinguish some 
of the complexes. As a practical suggestion we provide 
a summary in Figure 522 of the basic morphometry of 
the species discussed in the manuscript and highlight 
some elements to facilitate identification based on light 
microscopy observations, such as basic and classic valve 
dimensions (width, length, L:W ratio and number of striae 
in 10 µm). If the morphometry overlaps (and almost 
always it does), other characters and features that might 
help using SEM include: 1) the pattern of valve surface 
smoothness on the rapheless valve that can be divided 
into two main groups: one showing irregular lines on 
the axial area and virgae and the second one with the 
depressions showing ‘round’ depressions instead; 2) 
number of areolae per striae on the rapheless valve; 3) 
rapheless valve striae interrupted or not towards valve 
mantle and consequently the number of areolae on the 
mantle can be used as discriminant features at the species 
level in complement to the morphometry. 
	 The recent description of new Planothidium 
species in several parts of the world (e.g. Novis et al. 
2012; Van de Vijver et al. 2013; Wetzel et al. 2013, 
2014; Bąk & Lange–Bertalot 2014; N’Guessan et 
al. 2014; Wetzel & Ector 2014a; Kulikovskiy et al. 
2015) redefined our notion of endemism and restricted 
geographic distribution for several purported cosmo-
politan taxa. The better circumsciption of widely used 
names is the first step in understanding their ecological 
ranges and world distribution. Many species complexes 
are still up to be discovered, mainly in tropical regions 
where studies are still lacking.
	 Most of the species here illustrated were al-
ready illustrated in the most common books for diatom 
identification (e.g. Krammer & Lange–Bertalot 1991; 
Lange–Bertalot et al. 2017). The older names applied 
to the species here discussed are summarized on the 
Tables 3 and 4 and might help as a guide concerning 
the taxonomic shifts here proposed. This paper provides 
(without a polyphasic approach) tools to move from 
coarse–grained diatom taxonomy to a more refined 
taxonomy concerning common Planothidium species in 
Europe. Although being far from a monograph on the 
genus Planothidium, the current manuscript unravels in 
details the taxonomy of two of the most common names 
(i.e. P. frequentissimum and P. rostratum) that, apart 
from Planothidium lanceolatum (Van de Vijver et al. 
2013), are quite often found in freshwater environments 
in Europe.
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Fig. 1. Achnanthes rostrata (Østrup 1902, p. 35, pl. 1, fig. 11). Fig. 2. Achnanthes lanceolata var. rostrata (Hustedt 1911, pl. 3, fig. 34 a–b) 
from Wümme River (Germany). Fig. 3. Achnanthes lanceolata var. rostrata (Hustedt 1930, fig. 306b). Fig. 4. Achnanthes lanceolata var. ros-
trata (Hustedt 1959, fig. 863i–m). Figs 5, 6. Skabitschewskia peragalloi (Вrun et Нéribaud) Kulikovskiy et Lange–Bertalot from the Wümme 
River (Germany), sample E991 in Hustedt Collection (BRM). Figs 7–10. Planothidium rostratoholarcticum Lange–Bertalot et Bąk in Bąk & 
Lange–Bertalot. Figs 5–10. SEM images from specimens from sample E991 (Wümme River, Borgfeld, Germany, in Hustedt Collection). 
Figs 7–10 agrees with specimens illustrated by Simonsen (1987, pl. 4, figs 6, 7) from the same sample.
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Figs 11–22: Planothidium rostratum (Østrup) Lange–Bertalot. Type material (Klong Sarlakpet, Koh Chang Island, Thailand). Holotype slide 
‘Va 21. KB Siam F.v.’ [Freshwater] 3293. Bot. Mus. Copenhagen (C!). Figs 23–35. Planothidium rostratum from Lake Toba, Balige, Sumatra 
(Hustedt Coll. AS855). Figs 36–61. Planothidium rostratum from Lake Toba, Meat, Sumatra (Hustedt Coll. AS865). Figs 62–108. Planothidi-
um rostratoholarcticum from European freshwater environments. Figs 62–85. Population from Lac des Taillères, Switzerland (Sample P–35 in 
Straub 1985). Figs 62–64 reproduced from Straub (1985, A. rostrata ‘type quadrangulaire–rostré). Figs 86–108. Population from the Odra 
River at Pedrosa del Príncipe, Burgos, Spain.
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Figs 109–119. Planothidium rostratum (Østrup) Lange–Bertalot. Population from Lake Toba, Balige, Sumatra (Hustedt Coll. AS855). Figs 
109–113. External view of rapheless valve. Figs 114, 115. Internal rapheless valves, Figs 116, 117. External view of raphe valve. Figs 118, 119. 
Internal view of raphe valve.
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Figs 120–130: Planothidium rostratoholarcticum Lange–Bertalot et Bąk in Bąk & Lange–Bertalot. Population from Lac des Taillères, 
Switzerland (Sample P–35) corresponding to “type morphologique r6: Achnanthes rostrata ‘type quadrangulaire–rostré’” in Straub (1985, pl. 
6, figs 88, 89, pl. 7, figs 103, 104). Figs 120–123. External views of rapheless valves. Figs 124–126. Internal rapheless valves. Figs 127, 128. 
External view of raphe valve. Figs 129, 130. Internal view of raphe valve.
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Figs 131–139. Planothidium rostratoholarcticum Lange–Bertalot et Bąk in Bąk & Lange–Bertalot. Population from the Odra River, Pedrosa 
del Príncipe, Burgos, Spain illustrated in Blanco et al. (2010, pl. 43, figs 33–49). Figs 131–134. External views of rapheless valves. Figs 135, 
136. Internal rapheless valve. Figs 137, 138. External view of raphe valve. Fig. 139. Internal view of raphe valve.

Wetzel et al.: Planothidium (Bacillariophyta) species from freshwater                                                                                                                           73



Figs 140–163: Planothidium tujii C.E.Wetzel et Ector sp. nov., Araizawa River, Yuza, Yamagata, Japan. Material TNS–AL–61807 in Algae 
Aquae Dulcis Japonicae Exsiccatae. Figs 164–185. Planothidium gallicum C.E.Wetzel et Ector sp. nov. Population from the Seine River at 
Évry–sur–Seine, France. Figs 186–199. Planothidium alekseevae Gogorev et Lange. Sample from Lac des Taillères, Neuchâtel, Switzerland 
(Sample P–35) corresponding to “type morphologique r5: Achnanthes rostrata ‘type capité’” in Straub (1985, pl. 4, fig. 57; pl. 6, fig. 87; pl. 
7, figs 101, 102). Figs 200–210. Planothidium potapovae C.E.Wetzel et Ector sp. nov. La Boute Vive River at Sainte–Montaine, Centre–Val 
de Loire region, France. Figs 211–217. Planothidium brasiliense C.E.Wetzel et S.Blanco sp. nov. Ribeirão das Ostras River, Eldorado, Sao 
Paulo, Brazil (SP–255765).
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Figs 218–223. Planothidium tujii C.E.Wetzel et Ector sp. nov. Sample from Araizawa River, Yuza, Yamagata, Japan. Holotype material TNS–
AL–61807. Figs 218, 219. External views of rapheless valves. Figs 220, 221. Internal rapheless valve; detail of cavum aperture. Fig. 222. 
External view of raphe valve. Fig. 223. Internal view of raphe valve.
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Figs 224–229. Planothidium gallicum C.E.Wetzel et Ector sp. nov. Population from the Seine River at Évry–sur–Seine, France. Figs 224, 225. 
External views of rapheless valves. Figs 226, 227. Internal rapheless valve. Fig. 228. External view of raphe valve. Fig. 229. Internal view of 
raphe valve.

Fig. 230. Scatterplot showing differences in stria density and width 
of Planothidium gallicum and P. tujii.
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Figs 231–238. Planothidium alekseevae Gogorev et Lange. Sample from Lac des Taillères, Neuchâtel, Switzerland (Sample P–35) correspond-
ing to “type morphologique r5: Achnanthes rostrata ‘type capité’” in Straub (1985, pl. 6, fig. 87; pl. 7, figs 101, 102). Figs 231, 232. External 
views of rapheless valves. Fig. 233. Details of eroded cavum; internal rapheless valve. Figs 234–236. External view of raphe valve. Figs 237, 
238. Internal view of raphe valve.
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Figs 239–246. Planothidium potapovae C.E.Wetzel et Ector sp. nov. La Boute Vive River at Sainte–Montaine, Centre–Val de Loire region, 
France. Figs 239, 240. External views of rapheless valves. Figs 241, 242. Details of cavum aperture; internal rapheless valve. Fig. 243. External 
detail of rapheless valve showing small areolae n the valve mantle and irregular depression lines on the valve surface. Fig. 244. Internal details 
of rapheless valve showing thick virgae and sunken striae. Fig. 245. External view of raphe valve wit wide central area. Fig. 246. Internal view 
of raphe valve.
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Figs 247–250. Planothidium frequentissimum (Lange–Bertalot) Lange–Bertalot. Fig. 247. Reproduction of the original cover of Types du Syn-
opsis des Diatomées de Belgique by Van Heurck (1882–1885, Serie X, corresponding to Achnanthes lanceolata var. dubia forma minuta Type 
n° 236). Fig. 248. First reproduction by Patrick & Reimer (1966, pl. 18, figs 13–15, corresponding to the type n° 236). Fig. 249. Reproduction 
of A. lanceolata var. dubia forma minuta by Moss & Carter (1982, pl. 2, fig. 20) corresponding to Van Heurck Type n° 236 (Slide BM 26547 
at British Museum). Fig. 250. LM images of A. lanceolata var. dubia forma minuta from Van Heurck Type n° 236.

Wetzel et al.: Planothidium (Bacillariophyta) species from freshwater                                                                                                                           79



Figs 251–282. Planothidium frequentissimum (Lange–Bertalot) Lange–Bertalot from Bruxelles, Belgium (Type n° 236 in Van Heurck Collec-
tion). Figs 283–343. Planothidium victori Novis, Braidwood et Kilroy (= Achnanthes rostrata var. magna F.Straub). Fig. 284. Reproduction 
of the ‘iconotype’ designated by Straub (1985, pl. 10, fig. 142) of Achnanthes rostrata var. magna (“type morphologique r4” from Loclat, 
Neuchâtel). Figs 283–306. Sample from Loclat, Neuchâtel, Switzerland. Sample P–223 in Straub (1985). Fig. 291. Reproduction of Achnan-
thes rostrata var. magna (“type morphologique r4” from Lac des Taillères, Neuchâtel) in Straub (1985, pl. 4, fig. 56). Figs 307–343. Sample 
from Wümme River, Borgfeld, Germany (sample E991 in Hustedt collection).
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Figs 344–353. Planothidium frequentissimum (Lange–Bertalot) Lange–Bertalot. Bruxelles, Belgium (Synopsis Type n° 236 in Van Heurck 
Collection). Figs 344–347. External views of rapheless valves. Fig. 348. Internal rapheless valve. Figs 349, 350, 352. External raphe valve. Fig. 
351. Internal detail of raphe valve areolae. Fig. 353. Internal view of raphe valve.
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Figs 354–361. Planothidium victori Novis, Braidwood et Kilroy (= Achnanthes rostrata var. magna F.Straub). Figs 354–356, 360. Sample from 
Loclat, Neuchâtel, Switzerland. Sample P–223 in Straub (1985). Figs 356, 357, 359, 361. Sample E991 in Hustedt Collection, Wümme River, 
Borgfeld, Germany. Figs 354–356. External views of rapheless valves. Fig. 357. Internal rapheless valve. Figs 358, 359. External raphe valve. 
Figs 360, 361. Internal raphe valve.
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Figs 362–385. Planothidium straubianum C.E.Wetzel, Van de Vijver et Ector sp. nov. Sample from Lac des Taillères, Neuchâtel, Switzerland 
(Sample P–35) corresponding to “type morphologique ‘r3’ as “Achnanthes rostrata type allongé–elliptique” in Straub (1985, pl. 4, fig. 59; 
pl. 6, figs 77–82; pl. 7, figs 92–94). Figs 386–414. Planothidium curtistriatum C.E.Wetzel et Ector sp. nov. Sample from Beaume River at Le 
Brignon, Auvergne–Rhône–Alpes region (France). Figs 415–439. Planothidium hinzianum C.E.Wetzel, Van de Vijver et Ector sp. nov. Sample 
E991 in Hustedt Collection, Wümme River, Borgfeld (Germany).
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Figs 440–443. Planothidium straubianum C.E.Wetzel, Van de Vijver et Ector sp. nov. Sample from Lac des Taillères, Neuchâtel, Switzerland. 
Figs 440, 441, 443. External and internal valves view of rapheless valves. Fig. 442. External view of raphe valve.
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Figs 444–456. Planothidium curtistriatum C.E.Wetzel et Ector sp. nov. Sample from Beaume River at Le Brignon, Auvergne–Rhône–Alpes region 
(France). Figs 444–446. External view of rapheless valves showing reduced striae and one valve mantle areola. Figs 447–449. Internal views of raphe-
less valves. Details of striae and narrow cavum aperture. Fig. 450. Internal detail of raphe valve striae and small helictoglossae. Figs 451–454. External 
raphe valve view showing the variability of the striation pattern. Striae not continuous on the valve mantle. Figs 455, 456. Internal raphe valve view 
showing proximal raphe ends and occluded areolae.
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Figs 457–463. Planothidium hinzianum C.E.Wetzel, Van de Vijver et Ector sp. nov. Wümme River, Borgfeld (Germany) Sample E991 in 
Hustedt Collection. Figs 457, 458. External view of rapheless valve. Fig. 459. Detail of rapheless valve mantle areolae. Figs 460, 461. Internal 
views of rapheless valves showing wide cavum aperture. Figs 462, 463. External raphe valve showing two short striae near the central area.
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Figs 464–514. Planothidium cavilanceolatum C.E.Wetzel, M.G.Kelly et Van de Vijver sp. nov. Figs 464–489. Population from UK. Figs 
490–514. Population from Flanders (Belgium).
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Figs 515–521. Planothidium cavilanceolatum C.E.Wetzel, M.G.Kelly et Van de Vijver sp. nov. Figs 515, 518. Population from UK. Figs 
519–521. Population from Flanders (Belgium). External view of an entire rapheless valve (Figs 515, 519). External view of an entire raphe 
bearing valve showing the external raphe branches, the short terminal fissures and the structure of the striae (Figs 517, 520). Internal view of an 
entire rapheless valve (Fig. 516). Internal view of an entire raphe bearing valve showing the central area with the proximal raphe endings and 
the helictoglossa near the valve apex (Fig. 518). Details of wide internal cavum aperture (Fig. 521).
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Fig. 522. LM of selected median valves of thirteen Planothidium taxa discussed in the present manuscript. Images from original materials. 
Basic morphometric values are provided as well as complementary information concerning ultrastructural details such as rapheless valve sur-
face roughness and striation. Interrupting line on the striae scheme denotes interruption of the striae on the valve mantle/face junction. Surface 
patterns can only be observed in SEM. Four letters accronyms correspond to the following species: Planothidium alekseevae (PALK), P. brasi-
liense (PBRZ), P. cavilanceolatum (PTCV), P. curtistriatum (PTCU), P. frequentissimum (PLFR), P. gallicum (PGCM), P. hinzianum (PTHZ), 
P. potapovae (PPTV), P. rostratoholarcticum (PROH), P. rostratum (PRST), P. straubianum (PLUM), P. tujii (PTUJ) and P. victori (PLVI).
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