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Abstract

During a biodiversity survey around the historic Flemish town of Damme, a large Fragi-
lariforma taxon was observed in a small pond that could not be identified using the
currently available literature. Detailed light and scanning electron microscopy investiga-
tions revealed the presence of so-called resting spores within the frustules. Following
comparison with similar linear, long-celled Fragilariforma species, the unknown taxon is
described as new: Fragilariforma meireana sp. nov. Discriminating features of the new
species include the long, linear valves with protracted, distinctly rostrate apices, the ab-
sence of ribbon-like colonies, the presence of a rimoportula on both apices and the
formation of internal resting spores.

Key words: Belgium, Fragilariforma, morphology, new species, resting spores

Introduction

The ‘araphid’ genus Fragilariforma D.M.Williams & Round was originally de-
scribed under the name Neofragilaria D.M.Williams & Round in the journal Di-
atom Research volume 2(2), which had a printed publication date of Decem-
ber 1987 - the actual publication date was 18" February 1988 (Williams and
Round 1987 [1988]). Coincidentally, Neofragilaria Desikachary, Prasad & Prema,
a marine genus, published in the third volume of their book Atlas of Diatoms
(Desikachary and Prema 1987), had a printed publication date of 1988 when
it was actually published on 15" December 1987 (see Turland et al. 2025, Art.
31.1, ex.3). As Neofragilaria D.M.Williams & Round was proved to be a young-
er homonym of Neofragilaria Desikachary, Prasad & Prema, the new name of
Fragilariforma D.M.Williams and Round (1988) was proposed for the freshwa-
ter species, typified by Fragilaria virescens (Ralfs) D.M.Williams & Round.

At present, AlgaeBase records 31 accepted species names and 8 accepted
varieties in Fragilariforma (Guiry and Guiry 2025) and with two further species
recently added (Williams 2025) brings the total to 41 taxa (species + varieties).
The genus, with F. virescens as typus generis, is characterised by a very thin
to almost absent sternum, uniseriate striae extending onto the mantle com-
posed of small, rounded areolae with simple vela, one rimoportula per valve,
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well developed, large apical pore fields on each apex, the presence of spines,
occasionally linking frustules in long, ribbon-like colonies, and a cingulum com-
posed of 4-6 open, ligulate copulae with a dissected pars interior and a very
small septum at the non-ligulate pole.

Species in the genus were already present and diverse in the Miocene (Wil-
liams 1996; Wetzel et al. 2013; Williams and Buczké 2016). Nowadays, Fragilar-
iforma has a worldwide distribution with species thriving almost exclusively in
freshwater habitats, many of them preferring acidic, oligo-mesotrophic condi-
tions (Round et al. 1990; Almeida et al. 2017).

In Europe, only a handful of species are present with F. virescens, F. bicapita-
ta (A.Mayer) D.M.Williams & Round, F. nitzschioides (Grunow) Lange-Bertalot,
and F. undata (W.Smith) Heudre, C.E.Wetzel & Ector being the most common
(Lange-Bertalot et al. 2017; Van de Vijver et al. 2024). During a biodiversity
survey of the fauna and flora around the Flemish city of Damme (Province
West-Vlaanderen, Belgium) in 2018, an unusual ‘araphid’ taxon was recorded in
a small pool, close to the city. The valves showed all morphological features of
the genus Fragilariforma and would be best placed within this genus. Peculiarly,
almost all observed frustules presented a large internal resting cell, visible as a
thick, hyaline rectangular cell, squeezed in between the epivalve and hypovalve.

Resting spores are not uncommon in marine centric diatoms with most
Chaetoceros species producing resting spores being a good example of such
stages (Hargraves and French 1983; McQuoid and Hobson 1996). In pennate
diatoms, and more specifically freshwater species, resting stages are less
common and it is unclear what purpose they serve. Therefore, we refer to them
as internal cells as, morphologically, it describes best their outlook and posi-
tion. McQuoid and Hobson (1996) presented an overview of all diatom species
known to produce either resting spores or resting cells, including a few ‘araphid’
species and members of the genus Eunotia. Von Stosch and Fecher (1979) and
more recently, Stancheva (2006), analysed the presence of resting stages in Eu-
notia soleirolii (Kiitzing) Rabenhorst. The presence of these resting stages also
led in the past to the description of Meridion zinckenii Kiitzing (Kiitzing 1843),
now considered a synonym of M. circulare (Greville) C.Agardh. Both Meridion
taxa only differed from each other by the presence of internal cells. Kiitzing
(1843, p. 396) described them as curved lines (Diese Art zeichnet sich dadu-
rch aus, dass zwischen jeder geraden Theilungslinie noch eine gekrimmte vor-
kommt. Je zwei der gekrimmten Linien vereinigen sich zu einer Ellipse. Die
abwechselnden geraden Linien halbiren und trennen die Ellipsen von einander.
[This type is characterised by the fact that between each straight dividing line
there is a curved one. Any two of these curved lines merge to form an ellipse.
The alternating straight lines bisect and separate the ellipses]). The occurrence
of internal cells in Meridion was also observed by Geitler (1971) and Kociolek
et al. (2011) who reported the presence of ‘Innenschalen’ or internal spores in
a Chinese Meridion population.

The observation of internal cells in the new species of Fragilariforma is
the first for this genus. Although in Meridion, the presence of these cells did
not justify the separation of a new species, we believe there are sufficient
morphological differences between the new Fragilariforma species and all
currently known taxa in this genus. The new species is therefore described
under the name Fragilariforma meireana Van de Vijver & D.M.Williams, sp. nov.
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The species is morphologically characterised using Light (LM) and scanning
electron (SEM) microscopy observations. Brief notes on its ecology, based on
the associated diatom flora, are added.

Material and methods

During the biodiversity survey in the surroundings of the Flemish city of Damme,
two samples were collected from a small pool on the corner of Damse Vaart
West and Noorweegse Kaai. This pool had a total surface of less than 20 m?
and was surrounded by Phragmites border. Due to logistic constraints, physico-
chemical data could not be collected.

One of the collected samples contained a small population of the new Fragi-
lariforma species and was prepared for LM and SEM observations following
the method described in van der Werff (1955). Small parts of the sub-sample
were cleaned by adding 37% H,0, and heating to 80 °C for about 1 h, after
which the reaction was completed by addition of saturated KMnO,. Following
digestion and centrifugation (three times 10 minutes at 3700 x rpm), the result-
ing cleaned diatom material was diluted with distilled water to avoid excessive
concentrations of diatom valves on the slide and mounted on permanent slide
using Naphrax (refraction index 1.73, Brunel Microscopes, UK ltd.). The result-
ing slides were analysed using an Olympus BX53 microscope at 1000x mag-
nification (UPlan FL N 100x oil objective, N.A. 1.30), equipped with Differential
Interference Contrast (Nomarski) optics and the Olympus UC30 Imaging Sys-
tem connected to the Cell Sense Standard program. The number of specimens,
measured at random on the type slide, is indicated (n = X). An ecological char-
acterisation of the new species is added based on the accompanying diatom
flora, assessed by counting 400 diatom valves along random transects. Rela-
tive abundances, when given, are expressed as a percentage of counted valves.

For SEM, part of the suspension was filtered through 5-um Isopore™ poly-
carbonate membrane filters (Merck Millipore), pieces of which were fixed on
aluminium stubs after air—drying and coated with a platinum layer of 20 nm,
and studied using a JEOL-JSM-7100F field emission scanning electron micro-
scope at 2 kV. Slides, samples and stubs are stored at the BR-collection (Meise
Botanic Garden, Belgium). Plates were prepared using Photoshop CS5.

Terminology used in the description of the various structures of the siliceous
cell wall is based on Williams and Round (1987 [1988], for Fragilariforma [=for-
mer Neofragilaria D.M.Williams & Round] genus features) and Round et al. (1990,
for Fragilariforma genus features). For taxonomic comparisons, the following
papers were consulted: Hustedt (1932), Mayer (1917, 1937), Krammer and
Lange-Bertalot (1991), Kingston et al. (2001), Kilroy et al. (2003), Metzeltin and
Lange-Bertalot (2007), Wetzel et al. (2013), Lange-Bertalot et al. (2017), Almeida
etal. (2017), Pottiez et al. (2024), Van de Vijver et al. (2024), and Williams (2025).

For typification of the species, we chose to use the entire slide as the type,
following article 8.2 of the International Code of Nomenclature for algae, fungi,
and plants (Turland et al. 2025). Diatoms show a broad variability along their
cell cycle making the choice for the entire population on the slide more obvious,
but because of admixtures, one valve was indicated to best illustrate the taxon
(see Figs 1-3). All novelties are registered proactively according to Art. 42.3
(Turland et al. 2025).
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Results

Fragilariforma meireana Van de Vijver & D.M.Williams, sp. nov.
Figs 1-3

Holotype. BR-4867 (Meise Botanic Garden, Belgium). Fig. 1B represents the
holotype.

Isotype. Slide 453 (University of Antwerp, Belgium).

Registration. http://phycobank.org/105490.

Type locality. Unnamed pool at corner of Damse Vaart West and Noorweegse
Kaai (Damme, West-Vlaanderen, Belgium), sample DAMME-6, (coll. date 26.v.2018,
leg. B. Van de Vijver).

Etymology. This species is named in honour of Prof. Dr Patrick Meire, former
head of the research group ECOBE (Department of Biology, Antwerp University,
Belgium), and initiator of the biodiversity survey in Damme in 2018.

Description. LM (Fig. 1). Valves linear with almost parallel, straight valve mar-
gins only very slightly narrowing just before the valve apices. Apices clearly pro-
tracted, distinctly rostrate, very rarely capitate (Fig. 1F). Valve dimensions (n=25):
length 35-100 pm, width 4—5 pm. Sternum very narrow, linear, running from apex
to apex. Central area absent. Striae parallel throughout the entire valve length, be-
coming very weakly radiate at the apices, 22-25in 10 pm. Occasionally, two stria
diverging near the valve centre (Fig. 1B, D, G, black arrows). Rimoportula visible
at both apices (Fig. 1A, C, white arrows). Internal cells large, hyaline, robust (Fig.
10-Q). SEM (Figs 2, 3). Valve face flat with slightly raised virgae (Fig. 2A, C). Stri-
ae uniseriate, composed of a series of small, rounded areolae (Fig. 2B, C). Small
marginal spines present, irregularly placed on the valve face/mantle junction (Fig.
2B), usually on the virgae. Sternum very narrow, slightly raised (Fig. 2B). Apical
porefield large, entirely on the mantle, composed of at least 3—4 rows of round
to quadratic porelli (Fig. 2C). Rimoportula very small, externally rimmed (Fig. 2B,
white arrows). Occasionally, 2 rimoportulae present at one pole (Fig. 2C, white
arrows). Internally rimoportula small, weakly oblique (Fig. 2D, E, white arrows).
Valvocopula very large, plain on one side and with series of pores on the other
(Fig. 2F). Copulae small, with serrated edge, bearing one row of pores (Fig. 3C).
Internal cell robust (Fig. 3A, B), located between both valves. Valvocopula cover-
ing most of the internal cell (Fig. 3B, E, arrows). Internal cell with irregular ridged
ornamentation (Fig. 3D) on one side, plain on the other (Fig. 3E). Occasionally,
very shallow ridge present on the plain side visible as a thin line (Fig. 3B).

Associated diatom flora and ecology. Fragilariforma meireana has so far only
been found in the small pool in Damme. The diatom flora in the pool is dominat-
ed by Eunotia bilunaris (Ehrenberg) Mills s.I. (21% of all counted valves), Aula-
coseira italica (Ehrenberg) Simonsen (19.5%), Fragilaria campyla (Hilse) Van de
Vijver et al. (17%), Nitzschia archibaldii Lange-Bertalot (8%) and Gomphonema
utae Lange-Bertalot & Reichardt (6%). Most of these species are known to pre-
fer meso- to eutrophic conditions with moderate to higher electrolyte contents,
circumneutral to alkaline conditions (Lange-Bertalot et al. 2017). The presence
of Eunotia bilunaris in this community is somewhat unusual as the species is
mostly known to prefer oligotrophic, oligosaprobic conditions. However, it is
clear that E. bilunaris as we know it today represents a complex of taxa present
in different environmental conditions (Vanormelingen et al. 2008).
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Figure 1. Fragilariforma meireana Van de Vijver & D.M.Williams, sp. nov., LM micrographs taken from the holotype ma-
terial (BR-4867, Damme, Belgium) A-N LM pictures of valves in valve face view in decreasing length. The white arrows

indicate the rimoportulae. The black arrows indicate anomalies in the striation pattern 0—Q LM pictures of three frustules
showing internal cells. Scale bars: 10 ym.

Discussion

The position of Fragilariforma meireana within the genus Fragilariforma is
justified by the presence of apical porefields, rimoportulae on both apices, a
very narrow sternum, uniseriate striae and the presence of marginal spines, al-
though they are not used to link frustules to form ribbon-like colonies (Williams
and Round 1987 [1988]).

The number of morphological features to separate Fragilariforma species is
limited and mostly based on valve outline, striation pattern and spine structure.
Most Fragilariforma species currently known have either constricted or inflated
valves and do not show long, linear valves in their cell cycles, such as F. undata
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Figure 2. Fragilariforma meireana Van de Vijver & D.M.Williams, sp. nov., SEM micrographs taken from the holotype material
(BR-4867, Damme, Belgium) A SEM external view of an entire valve B, C SEM external detail of two valve apices showing
the rimoportulae (white arrows) and the apical pore field. Note the rudimentary spines and the irregular striation pattern on
C. D SEM internal detail of a valve apex showing the rimoportula (white arrow) E SEM internal view of an entire valve. The ri-
moportulae are indicated with white arrows. F SEM view of the broad valvocopula. Scale bars: 10 pm (A, E=F); 1 um (B-D).

(W.Smith) Heudre et al., F. cassieae Kilroy & E.Bergey, or F. floridana (Hanna)
D.M.Williams (Williams 1990; Kilroy et al. 2003; Metzeltin and Lange-Bertalot
2007; Van de Vijver et al. 2024). Several Fragilariforma species have similar
long, linear valves with parallel margins, although none of them show the com-
bination of features observed in F. meireana, such as the presence of internal
cells, two rimoportulae and rudimentary spines. In the European flora, longer
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Figure 3. Fragilariforma meireana Van de Vijver & D.M.Williams, sp. nov., SEM micrographs taken from the holotype
material (BR-4867, Damme, Belgium) A SEM view of a complete frustule with the internal cell inserted between the
valves B SEM view of the resting spore covered by the valvocopula. At the apices, the valvocopula is well visible. Oc-
casionally, very shallow ridge present on the plain side visible as a thin line. C SEM external detail of the valve apex
with the valve, internal cell and one detached copula D SEM external side view of the internal cell. Note the ridges on
the top E SEM external valve face view of the internal cell surrounded by the valvocopula. Scale bars: 10 um (A, B);

1 um (C-E).
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Fragilariforma valves were included within F. virescens, occasionally given dif-
ferent names such as Fragilaria virescens var. birostrata A.Mayer, described in
1917. Reid et al. (1995) discussed the presumable cosmopolitan nature of F.
virescens stating that this may be misleading given that many morphological-
ly different taxa were included within F. virescens, incorrectly broadening its
original description. Pottiez et al. (2024) investigated the type material of F.
virescens but did not find valves longer than 38 pm. This maximum length of
38 ym may be an underestimation of the length the species can reach as it
represents only one population and it is generally accepted that longer valves
can be found (Williams and Round 1987 [1988]; Williams 2001). Analysis of
published illustrations of F. virescens in Europe, however, showed that none of
the illustrated F. virescens valves seem to be represented by F. meireana. Mayer
(1917, 1937) illustrated a large number of F. virescens valves including his var.
birostrata but all valves have a different valve outline compared to F. meirea-
na with truncated, only shortly protracted, broadly rounded apices. Cleve-Eul-
er (1953, fig. 361) shows longer F. virescens valves but always with very pro-
tracted, capitate apices, a feature not observed in F. meireana that has rostrate,
rarely capitate apices. Another Fragilariforma species with linear valves is F.
nitzschioides (Grunow) Lange-Bertalot but this species forms long, ribbon-like
colonies with strongly linked frustules bearing thick, spatulate spines. More-
over, F. nitzschioides has broadly rounded but not protracted apices whereas
F. meireana has cuneately formed apices (Krammer and Lange-Bertalot 1991,
plate 128, figs 1-10).

In the southern hemisphere, several longer Fragilariforma species have been
described, but almost all of these species form long, ribbon-like colonies using
well-developed marginal linking spines, a feature not observed in F. meireana.
Wetzel et al. (2013) discussed the morphology of F. javanica (Hustedt) C.E.Wetzel,
E.Morales & Ector, a colony-forming, linear-shaped species with clearly capitate
apices. Similarly, Fragilariforma siamensis (@strup) D.M.Williams (Williams 2025)
and F. telum (J.R.Carter & Denny) P.D.Almeida, C.E.Wetzel & E.Morales (Almeida
et al. 2017) show elongated, linear valves with capitate apices and a weak con-
striction near the valve centre, separating these species from F. meireana.

It is possible that populations of F. meireana have been mistakenly identified
in the past as Ulnaria or Fragilaria taxa but the very fine striation, the very thin
sternum and the absence of a central area are features that are very rarely seen in
these two genera, making it difficult to find comparable taxa in these two genera.

The presence of the internal cells is somewhat surprising in this genus. In the
sample, it is the only species to present such cells. None of the other recorded
taxa show any sign of internal cells, teratologies or any other form of anomaly.
As stated in the introduction, there are several ‘araphid’ and brachyraphid taxa
showing such internal cells including Eunotia soleirolii and Meridion circulare
(as M. zinckenii). Von Stoch and Fecher (1979) discussed the formation of
what they called ‘resting spores’ in E. soleirolii indicating important differences
with similar internal cells in centric diatoms. In pennate diatoms, these internal
cells are formed in frustules keeping their girdle bands, as seems to be also
the case in F. meireana. In their research, von Stosch and Fecher (1979, p. 236)
indicated several environmental condition that seem to induce the formation of
these cells, including nutrient and silica deficiencies, but it is unclear what has
caused the formation of these internal cells in F. meireana.
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At present, only one population of F. meireana has been found, but given the
very distinct morphological features of the observed valves, the separation of
F. meireana as a new species is justified.
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