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Abstract: As a step towards a global monograph of the freshwater diatom genus Sellaphora, we made detailed 
surveys of Sellaphora diversity in the epipelon of 38 lakes and ponds and three Holocene diatomites in the British 
Isles, restricting our analysis to those specimens that would be classified in S. americana, S. bacillum, S. pupula or 
S. laevissima according to the standard European diatom flora of KraMMEr & LangE-BErTaLoT (1986; Süsswasser-
flora von Mitteleuropa, vol. 2/1. – G. Fischer, Stuttgart & New York). From a total of c. 104 specimens observed, 
over 3200 were recorded as digital images and sorted into 54 mostly informally-named phenodemes that can act 
as operational taxonomic units during future revisions. Of the 54 phenodemes, c. 40 are well-differentiated, while 
the others seem to intergrade and are in particular need of further study using morphometric, molecular and mating 
approaches. The limitations of conventional diatom taxonomy by visual comparison are clearly demonstrated. To 
help standardize identifications, published DNA sequences are assigned to some of the demes as ‘molecular bar-
code’. The phenodemes of S. pupula sensu lato cannot be equated with the infraspecific taxa previously recorded 
for the British Isles and both these and most other pre-1990 records of species now assigned to Sellaphora must 
be regarded as having very little value for ecological and biogeographical purposes. Possible non-British records 
of the phenodemes are discussed but few are totally convincing; of those records most likely to be of the same 
phenodemes, the majority come from elsewhere in Europe.
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Introduction

This paper represents a small but we hope signifi-
cant step towards a revision of the genus Sellap-
hora MErEschK. It deals with four common fresh-
water diatoms, each regarded as a single species 
before the 1990s but now shown to be heterogene-
ous through the use of morphological, mating or 
molecular genetic data. The four will be referred 
to here as the ‘pupula’, ‘bacillum’, ‘laevissima’ 
and ‘americana’ groups, using the species names 
most often used for them within Sellaphora and 
Navicula Bory. Ideally, diatom genera should be 
studied and revised on a world-wide scale, espe-
cially because biogeographical patterns are weak 
above the species level, and possibly at this level 
too. Our original aim was therefore to produce a 
global account, but we have reluctantly accepted 
that this is impractical. To produce within a few 
years a world monograph of even a modestly 
sized diatom genus such as Sellaphora requires 
resources of expertise, collections and research 
effort that are not available to us; it also needs 

the good fortune that others do not unknowingly 
duplicate the work and publish first. Some of the 
phenodemes we describe here have been known 
to us, and drawn or photographed, for more than 
20 years (Mann & droop 1996, D.G. Mann, un-
published data); it is time that these ‘hypothesized 
taxonomic units’ (putative species) were made 
available for evaluation.

In this paper, we restrict ourselves to the 
demes and species in the four species complexes 
that we have found during a survey of c. 40 sites in 
Britain and Northern Ireland. However, we admit 
at the outset that our survey is far from complete 
and the catalogue of diversity is almost certainly 
not exhaustive, even for the area chosen.

Historical review: Individual species of Sellap-
hora have been known for up to 170 years, but 
for most of this period they were classified in the 
genus Navicula Bory, which was then a ‘catch-
all’ grouping of simply-structured, bilaterally 
symmetrical, raphid diatoms. The species des-
tined to become the type of Sellaphora, Navicula 



16                                                                              Mann et al.: Revision of the diatom genus Sellaphora

pupula, was described in 1844 by F.T. KüTzing, 
who also described N. laevissima. Shortly before 
this, the epithet of another commonly recorded 
species, Sellaphora bacillum, was established by 
EhrEnBErg (1839, as N. bacillum), and EhrEnBErg 
(1843) added N. americana. These four longest-
established species are also the most commonly 
recorded species of Sellaphora, apart from S. 
seminulum. However, the original descriptions 
were less important in establishing taxonomic us-
age than later floras and papers, particularly those 
by van hEurcK (1880–1885), cLEvE (1894) and 
husTEdT (1930).

During most of the 19th and 20th centuries, 
diatom taxonomy was based almost entirely on the 
structure of the frustule (the silicified cell wall of 
diatoms); other features, such as chloroplast mor-
phology, reproductive characteristics or nuclear 
behaviour, were rarely considered until the 1980s 
(the few exceptions include e.g. gEiTLEr 1973). 
There is nothing particularly unusual about the 
structure of the frustule in Sellaphora that sets it 
apart from all other ‘naviculoid’ diatoms, in con-
trast, for example, to the partecta of Mastogloia 
or the longitudinal canals of Diploneis. Hence 
the original classification of Sellaphora species 
in Navicula is wholly understandable. However, 
if chloroplast morphology is taken into account, 
differences between Sellaphora and Navicula 
species are immediately apparent. This was first 
noticed by MErEschKowsKy (1902).

Among 19th and early 20th century dia-
tomists, almost the only one to take chloroplast 
morphology seriously as a source of taxonomic 
information was the eccentric Russian biologist 
Konstantin Sergeevich MErEzhKovsKiJ (MErE-
schKowsKy), better known today for his prescient 
ideas on the endosymbiotic origin of chloroplasts 
(e.g. MErEschKowsKy 1905). In a few years (prin-
cipally 1900–1906), MErEschKowsKy published a 
series of remarkable papers on chloroplast mor-
phology, chloroplast division and sexual repro-
duction in diatoms, in which he developed new 
ideas about systematic relationships and diatom 
evolution. He also established several new gen-
era, including Sellaphora, for which he gave the 
following description (MErEschKowsKy 1902, p. 
186):

‘Valve small, symmetrical, linear to elliptical, 
with obtuse ends, terminal nodules distant; 
striae usually fine, connecting-zone simple. 
Endochrome composed of one plate, resting 
with its narrow median part on the surface of 

one of the valves, with four long prolongations 
along the connecting zones. Pyrenoid absent. 
A few elaeoplasts, sometimes represented by 
two libroplasts.’

The key feature was the shape of the chloroplast 
(‘endochrome’), which is a single H-shaped plate; 
it is this that gives the genus its name (Sellaphora 
= ‘saddle-bearer’). MErEschKowsKy (1902) as-
signed four species to the genus, two from fresh-
water – S. pupula and S. laevissima (which he 
called S. bacilliformis) – and two from the Black 
Sea – S. borscowii and S. elliptica. The type spe-
cies is S. pupula (Mann 1989a, 2001). The iden-
tities of the Black Sea species are currently un-
known: the original descriptions and illustrations 
give little information about valve morphology 
and MErEschKowsKy’s collections (if, indeed, he 
ever kept preserved material) appear not to have 
survived after his flight to France, then Switzer-
land, in 1914 (sTafLEu & cowan 1981, sapp et al. 
2002). It is quite possible that S. borscowii and S. 
elliptica belong to the related genus Fallacia. All 
other known Sellaphora species are restricted to 
fresh waters.

Otto MüLLEr was the only early 20th cen-
tury diatomist to take MErEschKowsKy’s work se-
riously and published a few new species that he 
thought might belong to Sellaphora, following 
studies of diatoms from Lake Malawi (the Nyas-
sa-See) and nearby parts of E Africa (MüLLEr 
1910). Most other 20th century floras did not men-
tion Sellaphora or recognize it as separate from 
other Navicula species at any level (e.g. husTEdT 
1930, 1961, cLEvE-EuLEr 1953, paTricK & rE-
iMEr 1966, gErMain 1981, KraMMEr & LangE-
BErTaLoT 1986). Furthermore, in infrageneric 
classifications of Navicula, the species now as-
signed to Sellaphora (see below) were not always 
put in the same group. An early classification by 
grunow (in cLEvE & grunow 1880) placed them 
together in the ‘Gruppe: Minutulae’, but cLEvE 
(1894) put some in sect. Bacillares and others, 
including the type species S. pupula, in sect. Me-
soleiae, although he noted that the two sections 
were ‘closely connected’. husTEdT (1930) and 
cLEvE-EuLEr (1953) also split Sellaphora species 
between Navicula sects Bacillares and Mesoleiae, 
although husTEdT treated S. pupula as a member 
of the Bacillares. Later, husTEdT (1961) placed 
most Sellaphora species and several unrelated 
naviculoid diatoms in an expanded sect. Bacil-
lares, whereas Navicula perhibita (which has yet 
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to be transferred to Sellaphora) was classified in 
the Naviculae microstigmaticae (husTEdT 1962). 
gErMain (1981) and paTricK & rEiMEr (1966) 
adopted a narrower concept of the sect. Bacil-
lares (raised to the subgenus Bacillum by paTricK 
1959) than husTEdT, in which all the larger-celled 
species that we treat in this paper were included, 
but not several others now assigned to Sellaphora, 
which were placed in the section Minusculae or 
subgenus Minuscula. KraMMEr & LangE-BErTa-
LoT (1986) returned to a classification resembling 
that of husTEdT (1961).

Resurrection of Sellaphora as an independent 
genus: In the 1970s and 1980s, new informa-
tion from scanning electron microscopy (SEM) 
suggested that Navicula was not only large and 
highly variable, but probably also polyphyletic. 
However, although SEM provided many new 
insights and suggested how some existing gen-
era might be remodelled (e.g. MEdLin & round 
1986 for gomphonemoid diatoms), in many cases 
evolutionary relationships were unclear because 
of character conflicts. Partly because of this and 
partly because the prevailing taxonomic philoso-
phy was then phenetic, with its requirement that 
taxonomic judgments should reflect ‘overall simi-
larity’ based on all available evidence, several di-

atomists started to look for alternative sources of 
information, including cytological and reproduc-
tive characteristics. During this phase, Sellaphora 
was reinstated as a separate genus (Mann 1989a, 
round et al. 1990). Since then, the phenetic ap-
proach has been discredited for phylogeny recon-
struction and powerful molecular genetic tools 
have become available for determining evolution-
ary relationships, but the basic concept of Sellap-
hora developed by Mann (1989a) has withstood 
all tests so far (e.g. BEhnKE et al. 2004, Mann et al. 
2004, JonEs et al. 2005, Evans et al. 2007, 2008).

Mann’s (1989a) revised description is given 
in Table 1. It was based on detailed observations 
of about 10 species, but nearly 20 years of further 
research has not added anything of significance 
with respect to the cytological and morphologi-
cal characteristics listed. However, some species 
have now been found to be auto- or apomictic, 
producing auxospores without prior pairing and 
gamete exchange (Mann 1999, Mann et al. 2004, 
and unpublished observations of A. Poulíčková, 
V.A. chEpurnov and D.G. Mann); in these, char-
acters 8–10 of Table 1 are modified or absent.

Very few of the individual characters listed 
in Table 1 are unique to Sellaphora. That does 
not necessarily mean that they are not synapo-
morphies for Sellaphora, only that similar char-

Table 1. Characteristics of Sellaphora according to the provisional description by Mann (1989).

1. Internal central raphe endings deflected towards the primary side of the valve.

2. Poroids small, round, containing hymenes.

3. Plastid single, H-shaped, lying with its centre against the epivalve.

4. Pyrenoid ± tetrahedral during interphase, invaginated; one per plastid, lying on one side 
of the plastid isthmus.

5. Plastid translocated onto the girdle before mitosis.

6. Division of plastid beginning before cytokinesis and before the previous division is 
complete, proceeding asymmetrically, and arresting before completion to produce the 
H-shape of interphase.

7. 90º rotation of the plastid onto the epivalve occurring at the end of valve formation.

8. Gametangia not surrounded by an obvious mucilage sheath; closely associated 
throughout meiosis and plasmogamy; opening only partially to allow gamete migration 
via a copulation aperture.

9. One functional gamete and one apochlorotic cell formed per gametangium.

10. Gametes physiologically anisogamous: auxospore formed within one gametangium and 
expanding parallel to its apical axis.
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acteristics have evolved independently in other, 
unrelated diatoms. For example, character 9 is 
shared by Eunotia (e.g. Mann et al. 2003) and 
must have been acquired independently. How-
ever, some of the characters may be symplesio-
morphies, since they are shared by Fallacia, Ros-
sia and the Pinnulariaceae, which are probably 
the closest relatives of Sellaphora (Evans et al. 
2008). For example, invaginated pyrenoids are 
present in Fallacia, Caloneis and Pinnularia spe-
cies (TschErMaK-woEss 1953, Edgar 1980, Mann 
1996, Poulíčková et al. 2007, d.g. Mann & a.J. 
sTicKLE, unpublished observations). The combi-
nation of characters listed in Table 1, however, is 
apparently unique to Sellaphora.

Many of the characters in Table 1 concern 
the structure or activities of living cells. Indeed, 
it is impossible to assign a species to Sellaphora 
without information about the living cell or mo-
lecular genetic data, unless the cell wall possesses 
derived characters that link the diatom unambigu-
ously to species already known to belong to the 
genus. For example, the Sellaphora pupula–bacil-
lum group, but not most other Sellaphora species 
(e.g. S. americana, S. laevissima, S. seminulum, 
S. disjuncta) all possess small transverse bars in-
ternally near the ends of the valves (Fig. 1; Mann 
1989a, fig. 5). Possession of such bars in a diatom 
with uniseriate striae of small round poroids and 
deflected internal central raphe endings allows 
species such as S. paenepupula (METzELTin & 
LangE-BErTaLoT 2002) to be assigned to Sellap-
hora, despite the absence of information on the 
living cell and its life cycle. The senior author is 
nevertheless disappointed that no-one outside his 
research group (with the single exception of LEv-
Kov et al. 2006) seems to have checked chloro-
plast or reproductive features in any of the new or 
newly transferred species of Sellaphora. In order 
to make it easier for others to record and interpret 
living Sellaphora cells, we have now provided 
images and descriptions of the cell- and life-cycle 
on-line at http://rbg-web2.rbge.org.uk/algae/sella-
phora.htm. However, in future, it may be more ef-
ficient to use DNA sequence data, rather than cy-
tological detail, to check whether species belong 
to Sellaphora, especially in small-celled diatoms.

Recent developments in Sellaphora systematics: 
Since the resurrection of Sellaphora as an inde-
pendent genus nearly 20 years ago (Mann 1989a), 
the number of recognized species has grown from 
eight to nearly 80 (Table 2). This is partly because 

of changes in the species concept (discussed by 
Mann 1999) but it also reflects a vigorous new 
phase of exploration and alpha taxonomy. The in-
crease is consistent with the predictions made by 
Mann & droop (1996) for the diatoms overall.

The first published molecular systematic 
investigations of Sellaphora were made by Mann 
and guihaL (in Mann 1999) and BEhnKE et al. 
(2004), who confirmed earlier suspicions from 
mating data that species diversity in the genus 
has been seriously underestimated (Mann 1984, 
1989b). Evans et al. (2007, 2008) have subse-
quently carried out molecular phylogenetic stud-
ies of Sellaphora through use of three genes, 18S 
rDNA, rbcL and cox1, which are located in the 
nucleus, chloroplast and mitochondrion, respec-
tively. These studies have revealed a partial mis-
match between genetic relationships and the tradi-
tional classification based on morphology, which 
can be illustrated by two examples. The first con-
cerns S. bacillum and S. pupula, which share a 
characteristic uncommon among raphid diatoms, 
namely lateral extension of the terminal nodule to 
form short transverse bars at the poles (Fig. 1). 
Other characteristics differentiate these two spe-
cies, which have been regarded as separate for 
150 years. husTEdT’s (1930) succinct formula for 
identification was:

“a. Zentralarea rundlich, nicht quer verbreitet. 
 N. bacillum”
“b. Zentralarea querrechteckig   
 N. pupula”

husTEdT (1961) and KraMMEr & LangE-BErTaLoT 
(1986), on the other hand, focused more on the 
shape of the valves – linear-elliptical with broadly 
rounded apices in S. bacillum, but more lanceo-
late and with rostrate or capitate ends in S. pupula. 
From the historical taxonomy, one might expect 
that S. bacillum and S. pupula would be sister 
species or sister clades of species. Molecular data 
suggest instead that, although S. bacillum and S. 
pupula do indeed comprise a monophyletic group 
characterized morphologically by the polar bars, 
S. pupula is not monophyletic but paraphyletic 
with respect to S. bacillum.

The second example concerns those vari-
ants of S. pupula with linear or linear-elliptical 
(‘lanceolate’) valves and broad capitate or sub-
capitate apices. These have often been recognized 
taxonomically as ‘var. capitata’ (husTEdT 1930, 
paTricK & rEiMEr 1966, gErMain 1981) or ‘f. cap-
itata’ (husTEdT 1961) and this taxon is frequently 
recorded in surveys (e.g. husTEdT 1937–1939, 
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Table 2. A list of all described species of Sellaphora known to us in December 2007. Taxon authors are abbreviated 
according to the International Plant Names Index (http://www.ipni.org/).

Species Phenotypic species group

Sellaphora alastos (M.h. hohn et hELLErMan) LangE-
BErT. et METzELTin 1996

‘bacillum’ group

Sellaphora americana (EhrEnB.) d.g. Mann 1989 ‘americana’ group

Sellaphora amoena METzELTin et LangE-BErT. 1998 ‘bacillum’ group

Sellaphora auldreekie d.g. Mann et s.M. McdonaLd 
in d.g. Mann et al. 2004

‘pupula’ group

Sellaphora bacillarioides (grunow) n.a. andrEsEn, 
sToErMEr et KrEis 2000

‘bacillum’ group

Sellaphora bacilliformis (grunow) MErEschK. 1902 ‘laevissima’ group

Sellaphora bacilloides (husT.) LEvKov, KrsTic et 
naKov in LEvKov et al. 2006

‘bacillum’ group

Sellaphora bacillum (EhrEnB.) d.g. Mann 1989 ‘bacillum’ group

Sellaphora blackfordensis d.g. Mann et s. droop in 
d.g. Mann et al. 2004

‘pupula’ group

Sellaphora borscowii MErEschK. 1902 unknown; not Sellaphora?

Sellaphora californica poTapova in poTapova & d.f. 
charLEs 2004

‘pupula’ group

Sellaphora capitata d.g. Mann et s.M. McdonaLd in 
d.g. Mann et al. 2004

‘pupula’ group

Sellaphora costei METzELTin et LangE-BErT. 1998 ‘bacillum’ group

Sellaphora densistriata (LangE-BErT. et METzELTin) 
LangE-BErT. et METzELTin in METzELTin & 
LangE-BErT. 2002

‘pupula’ group

Sellaphora disjuncta (husT.) d.g. Mann 1989 ‘seminulum’ group

Sellaphora elliptica MErEschK. 1902 unknown; not Sellaphora?

Sellaphora emilia METzELTin et LangE-BErT. 2007 ‘bacillum’ group

Sellaphora fallacioides METzELTin, LangE-BErT. et 
garcía-rodríguEz 2005

probably belongs to Fallacia

Sellaphora fusticulus (ØsTrup) LangE-BErT. in ruMrich 
et al. 2000

‘laevissima’ group

Sellaphora garciarodriguezii METzELTin et LangE-BErT. 
in METzELTin et al. 2005

‘pupula’ group

Sellaphora gibbula METzELTin et LangE-BErT. 1998 ‘bacillum’ group

Sellaphora gregoryana (cLEvE et grunow) METzELTin 
et LangE-BErT. 1998

‘bacillum’ group

Sellaphora guyanensis METzELTin et LangE-BErT. 1998 insufficient data: ‘seminulum’ group?

Sellaphora hustedtii (KrassKE) LangE-BErT. et wEruM 
in wEruM et LangE-BErT. 2004

insufficient data: ‘seminulum’ group?

Sellaphora illustris METzELTin et LangE-BErT. 1998 ‘bacillum’ group
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Sellaphora joubaudii (H. gErM.) aBoaL in aBoaL et al. 
2003

insufficient data: ‘seminulum’ group?

Sellaphora julma LangE-BErT. et METzELTin in 
METzELTin & LangE-BErT. 2002

‘laevissima’ group

Sellaphora krsticii LEvKov, naKov et METzELTin 2006 ‘bacillum’ group

Sellaphora laevissima (KüTz.) d.g. Mann 1989 ‘laevissima’ group

Sellaphora lambda (cLEvE) METzELTin et LangE-BErT. 
1998

‘bacillum’ group

Sellaphora lanceolata d.g. Mann et s. droop in d.g. 
Mann et al. 2004

‘pupula’ group

Sellaphora lange-bertalotii METzELTin in METzELTin & 
LangE-BErT. 2002

‘pupula’ group

Sellaphora laterostellata METzELTin et LangE-BErT. 
1998

‘pupula’ group

Sellaphora laterostrata METzELTin et LangE-BErT. 1998 ‘pupula’ group

Sellaphora macedonica LEvKov et METzELTin in 
LEvKov et al. 2007

‘pupula’ group

Sellaphora madagascariensis METzELTin et LangE-
BErT. 2002

‘bacillum’ group

Sellaphora mantasoana METzELTin et LangE-BErT. 
2002

‘pupula’ group

Sellaphora mutata (KrassKE) LangE-BErT. in LangE-
BErT. et al. 1996

‘pupula’ group

Sellaphora mutatoides LangE-BErT. et METzELTin in 
METzELTin & LangE-BErT. 2002

‘pupula’ group

Sellaphora nana (husT.) LangE-BErT., cavacini, 
TagLiavEnTi et aLfiniTo 2003

insufficient data: may belong to 
‘seminulum’ group or possibly 
even to Fallacia

Sellaphora nanoides LangE-BErT., cavacini, 
TagLiavEnTi et aLfiniTo 2003

insufficient data: may belong to 
‘seminulum’ group or possibly 
even to Fallacia

Sellaphora neidioides (Manguin) METzELTin et LangE-
BErT. 2007

probably belongs to Fallacia

Sellaphora nyassensis (o. MüLL.) d.g. Mann 1989 ‘pupula’ group

Sellaphora obesa d.g. Mann et M.M. BayEr in d.g. 
Mann et al. 2004

‘pupula’ group

Sellaphora ohridana LEvKov et KrsTic in LEvKov et al. 
2007

‘bacillum’ group

Sellaphora omuelleri METzELTin et LangE-BErT. 2002 ‘pupula’ group

Sellaphora paenepupula METzELTin et LangE-BErT. 
2002

‘pupula’ group

Sellaphora parapupula LangE-BErT. in LangE-BErT. & 
METzELTin 1996

‘pupula’ group

Sellaphora perbacilloides LEvKov, naKov et METzELTin 
2006

‘bacillum’ group

Table 2 Cont.
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Sellaphora pseudomutatoides LEvKov et METzELTin in 
LEvKov et al. 2007

‘pupula’ group

Sellaphora pseudopupula (KrassKE) LangE-BErT. in 
LangE-BErT. et al. 1996

‘pupula’ group

Sellaphora pupula (KüTz.) MErEschK. 1902 ‘pupula’ group

Sellaphora rectangularis (w. grEg.) LangE-BErT. et 
METzELTin 1996

‘pupula’ group

Sellaphora rectilinearis LangE-BErT., cavacini, 
TagLiavEnTi et aLfiniTo 2003

probably ‘laevissima’ group

Sellaphora renata METzELTin et LangE-BErT. 2007 ‘bacillum’ group

Sellaphora reviersii LangE-BErT. et MosEr in MosEr et 
al. 1995

‘bacillum’ group?

Sellaphora rhombicarea METzELTin, LangE-BErT. et 
garcía-rodríguEz 2005

‘pupula’ group

Sellaphora riojae (cLEvE) E. rEichardT 1997 ‘bacillum’ group

Sellaphora rioplatensis METzELTin, LangE-BErT. et 
garcía-rodríguEz 2005

insufficient data

Sellaphora rostrata (husT.) J.r. JohansEn in J.r. 
JohansEn et al. 2004

‘pupula’ group

Sellaphora ruppelii METzELTin et LangE-BErT. 2007 ‘bacillum’ group

Sellaphora santiagoi METzELTin, LangE-BErT. et 
garcía-rodríguEz 2005

‘pupula’ group

Sellaphora sardiniensis LangE-BErT., cavacini, 
TagLiavEnTi et aLfiniTo 2003

insufficient data: ‘seminulum’ group?

Sellaphora seminulum (grunow) d.g. Mann 1989 ‘seminulum’ group

Sellaphora subantarctica van dE viJvEr et BEyEns in 
van dE viJvEr et al. 2002

insufficient data: ‘seminulum’ group?

Sellaphora subdeliberata (Manguin) E. rEichardT 
1997

‘bacillum’ group

Sellaphora sublinearis METzELTin et LangE-BErT. 1998 ‘bacillum’ group

Sellaphora subpupula LEvKov et naKov in LEvKov et 
al. 2007

‘pupula’ group

Sellaphora tapajosensis METzELTin et LangE-BErT. 
1998

‘pupula’ group

Sellaphora tau (cLEvE) METzELTin et LangE-BErT. 1998 ‘pupula’ group

Sellaphora tenerrima METzELTin et LangE-BErT. 1998 ‘bacillum’ group

Sellaphora triundulata METzELTin et LangE-BErT. 1998 ‘pupula’ group

Sellaphora tumida van dE viJvEr et BEyEns in van dE 
viJvEr et al. 2002

insufficient data: ‘seminulum’ group?

Sellaphora uruguayensis METzELTin, LangE-BErT. et 
garcía-rodríguEz 2005

‘americana’ group

Sellaphora ventraloconfusa (LangE-BErT.) METzELTin 
et LangE-BErT. 1998

insufficient data: ‘seminulum’ group?

Table 2 Cont.
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nodule not obvious, polar bars present.
‘laevissima’ group (Fig. 1b): axial area 4. 
narrow, central area variable and well- or 
poorly defined, central nodule often well-
defined (by external grooves enclosing the 
raphe system), polar bars absent.

The only deme discussed here that is difficult to 
place in one of the four groups is the ‘lordly’ phe-
nodeme (Fig. 12), which has a transversely rectan-
gular central area as in ‘pupula’ demes, but a well-
defined central nodule as in ‘bacillum’ demes.

Molecular and cytological data (Mann 
1989a, Behnke et al. 2004, Evans et al. 2008) 
show that, besides the four sets of demes just de-
scribed, Sellaphora also contains several small-
celled species, such as S. seminulum, S. disjuncta 
and the diatom commonly referred to as ‘Navicula 
minima’ (Fig. 1c). These also occur in the British 
Isles (Hartley 1986) but the current study was re-
stricted to the larger Sellaphora species (attaining 
lengths > 20 µm).

Material and Methods

Sampling, specimen preparation and microscopy: 
The samples examined were derived mostly from our 
own collections made during the last 30 years (Table 
3). They were selected to cover a wide variety of lake 
types, from large pristine oligotrophic lakes (e.g. Loch 
Maree), through large eutrophic lakes (e.g. Loch Lev-
en), to smaller lowland lakes (e.g. the Shropshire and 
Cheshire meres) and urban ponds (e.g. the Edinburgh 
lochs) (broad surveys of the trophic status of the larger 
British lakes are available to guide choice, e.g. paLMEr 
& roy 2001). The aim was to discover as wide a range 
of variation as possible among the larger Sellaphora 
species. With the exception of the diatomites from N 
Ireland and a squeezing from an Acrocladium carpet, 
all samples were of epipelon.

To obtain epipelon, a slurry of sediment and 
overlying water was collected from 30–100 cm depth 
by using a glass tube as described by round (1953). 
For fine sediments, a litre of slurry was enough, where-

1950, round 1957, 1960). However, molecular 
data show not only (1) that the ‘capitata’ morphol-
ogy refers to several different species, rather than 
one minor infraspecific entity of doubtful status 
[KraMMEr & LangE-BErTaLoT (1986) abandoned 
capitata altogether and the form category is used 
to refer to sporadically occurring variants differ-
ing in only one or a few characters: see e.g. sTacE 
(1989)], but also (2) that the segregate species do 
not constitute a monophyletic group (Evans et al. 
2007, 2008).

Thus, the traditional taxonomic interpreta-
tion of morphological variation among the larger 
Sellaphora is faulty. Close examination will prob-
ably demonstrate that at least some of the new 
groupings revealed by molecular analysis possess 
synapomorphies in aspects of frustule morphol-
ogy and structure, but at the moment these are not 
obvious. In the present paper, therefore, we will 
use the old ‘species’ of Sellaphora (americana, 
bacillum, pupula and laevissima) as a framework 
for documenting diversity because, even though 
they may not be natural groups, they are famil-
iar and recognizable. Within each of the four, we 
group demes by overall valve shape and pattern, 
via a subjective, largely intuitive assessment. The 
characteristics of the four groups can be summa-
rized thus:

‘americana’ group (Fig. 1a): axial area 1. 
wide, central area well-defined and ± circu-
lar, central nodule well-defined (by external 
grooves enclosing the raphe system), polar 
bars absent.
‘bacillum’ group (Fig. 1d): axial area nar-2. 
row, central area well-defined and ± circu-
lar, central nodule well-defined (by external 
grooves enclosing the raphe system), polar 
bars present.
‘pupula’ group (Fig. 1e): axial area narrow, 3. 
central area variable (but almost never cir-
cular) and well- or poorly defined, central 

Sellaphora verecundiae LangE-BErT. in LangE-BErT. & 
gErd MosEr 1994

insufficient data: ‘seminulum’ group?

Sellaphora vitabunda (husT.) d.g. Mann 1989 ‘seminulum’ group

Sellaphora wetzelii (husT.) METzELTin et LangE-BErT. 
2007

‘bacillum’ group

Sellaphora wummensis J.r. JohansEn in J.r. JohansEn 
et al. 2004

‘pupula’ group

Table 2 Cont.
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Fig. 1. Deme groupings used in the catalogue of Sellaphora demes: (a) ‘americana’ group: note the wide axial area (arrow) 
and distinct central nodule; (b) ‘laevissima’ group; (c) ‘seminulum’ group; (d) ‘bacillum’ group: note the polar bars (e.g. 
white arrow), the well-defined central area, and the presence of grooves alongside the raphe, which are continuous across the 
centre (black arrow, defining a small but very distinct elliptical or lanceolate central nodule enclosing the raphe endings); (e) 
‘pupula’ group: note the polar bars (e.g. white arrow) and the variable, transversely elongate central area. Conopeal grooves are 
sometimes present alongside the raphe (left-hand two valves) but if so, they are usually not continuous across the centre (black 
arrows); the single exception is the ‘lordly’ deme (left-most valve). Scale bars = 10 µm [for all except the ‘americana’ group, 
see the scale bar in (c)].
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as two litres were generally collected for sand. The 
slurry was transported to the laboratory in polyethyl-
ene bottles, poured out into plastic boxes, and usually 
allowed to stand in the dark for at least 5 h. Then the 
supernatant was removed by suction and the sediment 
covered with lens tissue. Under low illumination (c. 5 
µmol.photons m–2.s–1), epipelic algae moved up into the 
lens tissue and could be harvested either by removing 
this layer of lens tissue or by placing a further layer of 
lens tissue on the first. The diatoms were extracted by 
digesting the tissue in boiling acid, either 70% HNO3 
or approximately equal volumes of 70% HNO3 and 
98% H2SO4. After washing repeatedly with deionized 
water to remove unused acid and decomposition prod-
ucts (separation of diatoms from the supernatant was 
achieved by sedimentation for at least 6 h in a 4–6 cm 
column), 0.5 ml aliquots of suspension were dried onto 
18-mm diameter No. 0 cover-slips and mounted in Na-
phrax (currently available from Brunel Microscopes: 
http://www.brunelmicroscopes.co.uk/). The slides 
used (Table 3) are kept in the diatom herbarium of the 
Royal Botanic Garden Edinburgh. For observations of 
living cells (to check protoplast characters), 24 × 50 
mm cover-slips were placed on top of the lens tissue, 
removed after a few hours, mounted on drops of WC 
medium (guiLLard & LorEnzEn 1972), and ringed with 
white vaseline to prevent evaporation. These prepara-
tions remained healthy for hours, sometimes days.

Several Holocene diatomites were studied from 
the River Bann area of N Ireland (pLunKETT et al. 2004), 
since this was the only British or Irish material known 
to us in which S. americana had been recorded. Pre-
pared slides were provided by D.H. Jewson and N.G. 
Cameron.

Bright field (BF) and differential interference 
contrast (DIC) light microscopy (LM: planapochromat 
lenses, nominal numerical aperture 1.32) were carried 
out using a Reichert Polyvar 2 photomicroscope fitted 
with a Polaroid DMC2 digital camera capable of 1600 
× 1200 pixel resolution; images were captured via Op-
timas image analysis software version 6.2 (Media Cy-
bernetics, Silver Spring, MD 20910, USA). In order to 
achieve a satisfactory pixel density in the final image, 
we used the 1.25× intermediate lens of the Polyvar, ex-
cept for S. americana where cells were so large that we 
had to use the 0.8× lens. Background specks were re-
moved digitally by image division (BayEr et al. 2001; 
http://rbg-web2.rbge.org.uk/algae/microscopy_remov-
ing_dust.html). Since many phycologists and ecolo-
gists do not have microscopes fitted with DIC optics, 
we used BF microscopy to construct the atlas of Sella-
phora. This also provided good and uniform definition 
of the valve outline. The maximum resolution possible 
with a non-immersed condenser was achieved by strict 
use of Köhler illumination, with the condenser dia-
phragm set just outside the aperture-limiting diameter.

In diffraction-limited BF systems, two equal 
and opposite images are formed of small transparent 

objects (which become visible only through differenc-
es in refractive index between object and mountant) or 
small holes. One image is dark against the background 
(the ‘black-spot focus’), the other light against the 
background (the ‘white-spot focus’). Neither focus is 
‘correct’ (houK’s 2003 otherwise helpful guidance on 
imaging is misleading on this point) and when the ob-
ject or hole is exactly in the image plane, it is invisible 
(see Mann et al. 2007). The relative vertical positions 
of the black- and white-spot focuses in BF systems de-
pend on whether the object has a higher or lower re-
fractive index than the mountant, and phase contrast 
optics produce three in-focus images, one of opposite 
phase to the other two (Mann et al. 2007). The valves 
of Sellaphora species are of only modest depth (c. 2–5 
µm), but this is still much greater than the depth-of-
focus at a numerical aperture of 1.32. It is therefore 
impossible to capture a single image in which the valve 
face and margin are both in focus. One solution to this 
is to make extended-depth-of-focus images from im-
age stacks through use of one of the many algorithms 
currently available (e.g. in ImageJ at http://rsb.info.nih.
gov/ij/; see also Mann et al. 2006); another is to make 
the image stack directly available as a digital video 
(for example, videos and ‘focusable’ image stacks of 
the lectotype and an epitype of S. pupula are available 
at http://rbg-web2.rbge.org.uk/algae/research/types/
Sellaphora_pupula_type.html). In the current study, 
however, we used a single best-compromise image of 
each specimen. For this, we selected only those speci-
mens whose valve face lay uppermost and focused the 
raphe and striae in black-spot focus; this lies below the 
white-spot focus in specimens mounted in Naphrax 
and hence gave better though still imperfect definition 
of the valve margin.

Digital images were taken at a resolution of 
26.5 pixels : 1 µm and prepared for publication by glo-
bal application of the Levels and Brightness/Contrast 
functions in Adobe Photoshop (www.adobe.com) and 
resizing through bicubic resampling to achieve a mag-
nification of ×2000 on the printed page. Recently, most 
micrographs (e.g. in KraMMEr & LangE-BErTaLoT 
1986 or the Iconographia diatomologica series) have 
been printed at ×1500 but this is rather low for dia-
toms with fine striation of 20 in 10 µm or more: the 
choice of ×2000 makes our micrographs directly com-
parable with those of siMonsEn (1987) or schoEMan & 
archiBaLd (1976–1980). Modest image enhancement 
was achieved through use of the Adobe Unsharp Mask 
tool on the resized images at 60%, with 3.5 pixel radi-
us. The original photographs were of various sizes and 
aspect ratios but were made up to a standard size for 
each deme by filling gaps with the average background 
grey level. No attempt was made to extract a diatom 
from its background, although this can be highly effec-
tive (BayEr et al. 2001). Rarely, a High Pass filter (ra-
dius 12 pixels) was applied to improve image quality in 
cases where the specimen was a theca or frustule (with 
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Table 3. List of samples studied: details of the localities are held in the Royal Botanic Garden, Edinburgh (RBGE). 
Most slides examined are part of the unified RBGE series (prefix ‘E’). Others came from non-incorporated sets 
of slides from Blackford Pond and Threipmuir, and the remainder were from the Bernard Hartley (BH) slide 
collection at RBGE.

Site Administrative 
district, Country

Collector(s) Slides examined

Ballyscullion diatomite Co Londonderry, N 
Ireland

T. Gibson Ltd, 
Dundonald

BH411A ‘(large), July 
1972’

Portglenone diatomite Co Antrim, N Ireland D. Jewson & N. 
Cameron

E3557

Toomebridge diatomite Co Antrim, N Ireland D. Jewson & N. 
Cameron /R.I. Firth

E3547, BH314A 
‘(Pleurax 2) November 
1976’, BH344 ‘>600 
mesh Sept 1971’, 
BH344 ‘Hyrax, August 
1986’

Loch Maree Highland, Scotland W. Marshall, D.G. 
Mann & S.J.M. Droop

E2749.1, E2763.1

Loch Tulla Argyll & Bute, Scotland D.G. Mann & A.J. 
Stickle, D.G. Mann

E297, E3747/2

Loch Lubnaig Stirling, Scotland D.G. Mann & A. 
Poulíčková

E3580/2

Loch Venachar Stirling, Scotland D.G. Mann & A. 
Poulíčková

E3584/3

Loch Voil Stirling, Scotland D.G. Mann & A. 
Poulíčková

E3582/1

Loch Achray Stirling, Scotland D.G. Mann & A. 
Poulíčková

E3585/1

Lake of Menteith Stirling, Scotland D.G. Mann & A. 
Poulíčková

E3588/2

Balgavies Loch Angus, Scotland D.G. Mann E2619/1

Loch of Craiglush Perth & Kinross, 
Scotland

D.G. Mann & A.J. 
Stickle

E323/2

Loch of Butterstone Perth & Kinross, 
Scotland

D.G. Mann & A.J. 
Stickle, D.G. Mann & 
A. Poulíčková

E327/3, E3673/1

Loch of Drumellie Perth & Kinross, 
Scotland

D.G. Mann & A.J. 
Stickle

E329/2

Loch of Clunie Perth & Kinross, 
Scotland

D.G. Mann & A.J. 
Stickle, D.G. Mann & 
A. Poulíčková

E328/3, E3671/2

Rae Loch Perth & Kinross, 
Scotland

D.G. Mann & A. 
Poulíčková

E3672/1

Fingask Loch Perth & Kinross, 
Scotland

D.G. Mann & A.J. 
Stickle

E331/2

Monk Myre Perth & Kinross, 
Scotland

D.G. Mann & A.J. 
Stickle

E332/2
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Loch Leven Perth & Kinross, 
Scotland

D.G. Mann, A. 
Poulíčková, E. Jamieson 
& B. Spears

E3690/3, E3830/1, 
E3830/3, E3830/6, 
E3832/3, E3832/4

Blackford Pond City of Edinburgh, 
Scotland

D.G. Mann E16/3, E16 ‘Stand’, 
E3578/1, E3667/2, 
‘Blackford Pond 
18.12.86 thin 1’

Dunsapie Loch City of Edinburgh, 
Scotland

D.G. Mann E3572, E4109/2, 
‘18.4.88/1’

Lochend Loch City of Edinburgh, 
Scotland

D.G. Mann, K.M. Evans 
& A. Prendergast

E3752/2

Inverleith Pond City of Edinburgh, 
Scotland

D.G. Mann E319/2

Royal Botanic Garden 
Pond

City of Edinburgh, 
Scotland

D.G. Mann, D.G. Mann 
& A. Poulíčková

E2614/2, E2614/3, 
E3699/2

Mire, NE of Threipmuir 
Reservoir

City of Edinburgh, 
Scotland

D.G. Mann ‘NE Threipmuir 
Acrocladium ... sample 
7, 2.4.81, slide 2’

Threipmuir Reservoir City of Edinburgh, 
Scotland

D.G. Mann E2588/3, ‘Threipmuir 
Marsh Basin usual 
11.6.86 B (thin)’, 
‘Threipmuir NE Basin 
sandy ... 11.6.86 A’, 
‘Threipmuir Middle 
Basin NW end/
coffer dam 11.6.86 
C’, ‘Threipmuir usual 
29.9.86 B’, Threipmuir 
Reservoir1 11.10.05a

Lindean Reservoir Scottish Borders, 
Scotland

A.J. Stickle E88 ‘sonic’

Heart Moss, mire pools Dumfries & Galloway, 
Scotland

D.G. Mann E423/1, E424/2

Whinfell Tarn Cumbria, England A.J. Stickle E53

Little Water Cumbria, England K. Atkinson ‘B’

Priest Pot Cumbria, England D.G. Mann & A. 
Poulíčková

E3683/1, E3683/2

Malham Tarn North Yorkshire, 
England

D.G. Mann & A. 
Poulíčková

E3685/3, E3686/3

Budworth Mere Cheshire, England D.G. Mann & A.J. 
Stickle

E342/2

Pick Mere Cheshire, England D.G. Mann & A.J. 
Stickle

E341/1

Cole Mere Shropshire, England D.G. Mann & A.J. 
Stickle

E339/3

Crose Mere Shropshire, England D.G. Mann & A.J. 
Stickle

E336/3

Table 3 Cont.



Ellesmere Shropshire, England D.G. Mann & A.J. 
Stickle

E335/3

Hanmer Mere Shropshire, England D.G. Mann & A.J. 
Stickle

E334/3

Oss Mere Shropshire, England D.G. Mann & A. 
Poulíčková

E3590/2

White Mere Shropshire, England D.G. Mann & A.J. 
Stickle

E338/3

Kates Cottage Pond, 
Sturston

Norfolk, England K. Clarke ‘8 Aug 86’

Burton Pond, Petworth West Sussex, England R.I. Firth BH 250 ’19 January 
1971 August 1986 A’, 
BH 250 ‘19.2.71 March 
1971 B’
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guided by previous work on Sellaphora (Mann 1984, 
1988a, 1989a, b, Mann et al. 1999, 2004) and other 
pennate diatoms (notably gEiTLEr 1932). This process 
created groups that can be called ‘phenotopodemes’ 
in the terminology of giLMour & hEsLop-harrison 
(1954), i.e. demes of Sellaphora occurring in a speci-
fied geographical area (here, usually a single lake) and 
differing phenotypically from other demes of Sellap-
hora occurring in the same area. We then examined 
all the series from all localities to establish which of 
them might be considered essentially identical (again, 
a subjective decision), so that we could construct geo-
graphically unrestricted ‘phenodemes’. During this 
second sorting, we were guided not only by previous 
information about the life cycle and intraclonal vari-
ation in Sellaphora but also by our discovery (Mann 
1984, 1988a, 1989b, Mann et al. 1999, 2004, BEhnKE 
et al. 2004, Evans et al. 2007, 2008) that what appear 
to be very small, though consistent, morphological dif-
ferences can be correlated with significant molecular 
genetic divergence or sexual incompatibility (cf. Mann 
& chEpurnov 2005, sarno et al. 2005, TroBaJo et al. 
2006, aMaTo et al. 2007). It should not be assumed that 
we regard the phenodemes as equivalent to any par-
ticular taxonomic category, nor that they are equivalent 
to each other in terms of how distinct they are or how 
much variation they encompass.

Finally, each phenodeme was assigned an infor-
mal name based on appearance, a source locality, or 
idiosyncratic associations. The purpose of the informal 
names was simply to aid memory and communication. 
The naming convention we adopted for this paper was 
that suggested in a report by Mann & KocioLEK (1990): 
for example, the name “Sellaphora [pupula K–LB] Φ 
‘tidy’” means a phenodeme (Φ) called ‘tidy’ that would 
be classified in Sellaphora pupula as defined by KraM-
MEr & LangE-BErTaLoT (1986), which we use here as 
the ‘standard’ diatom flora for the region.

strong haloes around its edges) or was partly overlain 
by girdle bands.

All valves shown in Figs 3–56 are presented in 
the same orientation, with the primary side of the valve 
(round et al. 1990, pp. 40–42) to the left.

Survey strategy: For each lake chosen for analysis, 
we scanned slides at low magnification to determine 
whether any Sellaphora species were present, be-
longing to the ‘pupula’, ‘bacillum’, ‘laevissima’ and 
‘americana’ groups. If any were seen, we methodically 
surveyed Sellaphora diversity on the slide under a × 
100 oil immersion lens, along ± contiguous transects. 
All non-obscured valves were photographed until we 
judged that taking further photographs would not be 
cost-effective (in the context of an alpha-taxonomic 
survey) in increasing the number of demes recorded for 
that site, or in increasing our understanding of variation 
within each deme. The proportion of a slide studied in 
this way varied with the density of the preparation and 
the proportion of the flora contributed by Sellaphora 
species, which was rarely more than 10% of the total 
flora and sometimes below 0.1%. Where non-obscured 
valves were unavailable, we photographed thecae, 
complete frustules or partly obscured specimens.

Collection of images and image data was fa-
cilitated by use of a Macro written within Optimas by 
S.J.M. Droop, which prompted for slide identity, speci-
men location (recorded via the microscope stage co-
ordinates), essential image data (magnification, optics, 
filename), and a preliminary identification of the speci-
men. These were written to an Excel spreadsheet. Thus 
a first estimate of diversity and deme identities was 
made while we were surveying a slide and this guided 
the selection of specimens to be photographed. Subse-
quently, we sorted the digital images from a particular 
location by eye, grouping them into series that could be 
interpreted as stages in size reduction. In this, we were 

Table 3 Cont.
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serve auxosporulation in several cases. In order to pro-
vide roughly comparable data for all demes, we have 
distinguished between the older and current data-sets 
by putting the older ones in parentheses, where they 
exceed the range recorded here.

Stria densities were measured parallel to and 
near the raphe-sternum on the primary side of the valve, 
by determining the distance occupied by 10 striae start-
ing from the first complete stria out from the central 
area; this was done in Photoshop by using the ruler 
calibrated in pixels. Two measurements were made for 
each valve and the descriptions give the minimum, av-
erage, and maximum for the valves illustrated; again, 
where previous data (Mann et al. 2004) give a wider 
range, this is indicated. Stria and polar bar orientations 
are described as parallel, radiate and convergent, in ac-
cordance with the illustrations of BarBEr & haworTh 
(1981, fig. 8B).

Some characters seemed to vary continuously 
among the demes studied and we made arbitrary de-
cisions about character state boundaries, for example 
between ‘strongly sinuous’ and ‘sinuous’ raphe slits, 
or between ‘strongly expanded’ and ‘expanded’ central 
areas. We suspect that the raphe slits are never perfect-
ly straight, but in the light microscope some Sellapho-
ra raphes are very obviously sinuous while others are 
not (e.g. Fig. 1). The polar bars of S. bacillum and S. 
pupula replace one or two striae and interstriae and run 
parallel to the adjacent striae. Hence we describe their 
declination using the three terms used for stria patterns 
– parallel, radiate or convergent (BarBEr & haworTh 
1981).

Many Sellaphora species are grooved external-
ly alongside the raphe and these are sometimes covered 
by conopea to form canals, as shown by siMs & pad-
docK (1979), Mann (1989a) and round et al. (1990). 
In LM it is often possible to detect the presence of 
conopea, but we were not always able to distinguish 
between simple grooves (such as occur in some ‘lae-
vissima’ demes) and grooves covered by conopea (as 
in the ‘americana’ and ‘bacillum’ demes, and in some 
‘pupula’ demes such as ‘small lanceolate’).

In most Sellaphora species, the areolae are in-
visible in LM and the striae therefore appear as simple 
lines. However, the striae are clearly punctate in some 
demes, e.g. the ‘elliptical’ demes of S. [pupula], and 
in S. lanceolata and some other S. [pupula] demes the 
longer central striae continue inwards as non-areolate 
grooves (Mann et al. 2004), which we term ‘ghost stri-
ae’ (Fig. 2).

Comparisons with demes and species recognized 
elsewhere: We looked for previous records of Sellap-
hora demes in published papers. Unfortunately, it was 
often impossible to make meaningful comparisons with 
our material, because (1) before 1980, records were 
often not illustrated or they were illustrated with line 
drawings that cannot be interpreted with confidence, 

Our activities deliberately mimicked what an 
angiosperm taxonomist does during a herbarium-based 
investigation. The first step is to obtain flowering spec-
imens from nature, which are not a random sample of 
all available material but a modest selection of speci-
mens thought to represent diversity adequately: expert 
knowledge (which of course is not infallible) is used in 
the field to assess the significance of apparent discon-
tinuities in the pattern of variation within and among 
populations of a higher taxon (here, Sellaphora) and 
thus to define an absolute minimum of ‘collection-wor-
thy entities’ that must be sampled and recorded. This 
phase is equivalent to our choice of diatom specimens 
for digital imaging. Once collected, the specimens 
(here, images) are sorted in the herbarium by visual 
comparison, again guided by expert knowledge (e.g. 
of the life cycle) and also by detailed examination of 
any special features (e.g. the presence or absence of 
grooves alongside the raphe system, or the striation 
pattern) and measurements (stria density and valve 
dimensions), to create ‘operational taxonomic units’ 
(OTUs). After further study and refinement, OTUs are 
often recognized formally as taxa, but we avoid this 
here, for reasons discussed later.

For this survey, we took digital photographs of 
over 3200 Sellaphora specimens from natural popula-
tions, supplemented by over 900 images of specimens 
from clonal cultures (not shown here). The photo-
graphs used in Figs 3–56 were selected to illustrate 
size reduction and variation, but in some cases (e.g. S. 
blackfordensis and S. capitata) we restricted the range 
shown in order to facilitate comparison with similar 
demes (in this case, Φ ‘pseudocapitate’, Φ ‘cf. capitate’ 
and Φ ‘caput’). All of the original photographs have 
been retained and can be made available for consulta-
tion on application to the authors.

Measurements and terminology: Shape was assessed 
by reference to BarBEr & haworTh (1981), in order to 
standardize descriptions. The length and width rang-
es refer to those specimens photographed during this 
study. Experience shows that the longest cells of a spe-
cies are almost always rare in natural populations and 
there seem to be good population biological reasons 
why this is so (Mann 1988b, Mann et al. 1999). Thus, 
the observed range of size, even in a large sample, is 
almost always less than the total range exhibited during 
the life cycle. Nevertheless, incomplete observed rang-
es can still be helpful in identification, because they 
are representative of what is usually found in nature. 
Valve width, which varies much less than valve length 
both absolutely and relatively (gEiTLEr 1932), is a par-
ticularly useful character in pennate diatoms. For the 
six species described in detail by Mann et al. (2004), 
the ranges reported in 2004 are generally wider than 
those included here because (1) even more specimens 
were examined than was practical during our current 
analysis, and (2) Mann et al. (2004) were able to ob-
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rounded poles, 54–72 × 15–17 µm. Striae parallel 
or very slightly radiate centrally, becoming more 
strongly radiate near the poles, 16.7–17.5–18.0 in 
10 µm; areolae visible in LM. Axial area wide, 
occupying > 30% of the valve width, represent-
ing a depressed plain area covered by a wide 
conopeum. Central area well-defined, ± circular. 
Raphe-sternum well-defined because of the ad-
joining depressed plain area, markedly expanded 
into an elliptical ‘central nodule’ surrounding the 
central raphe endings. Raphe sinuous. Polar bars 
absent.

rEMarKs: Apparently the same deme was illustrated by 
LangE-BErTaLoT & METzELTin (1996, pl. 25, figs 1, 2; 
see also METzELTin et al. 2005, pl. 63, fig. 2) from Lake 
Julma Ölkky, Finland, and by METzELTin & LangE-
BErTaLoT (2002, pl. 31, fig. 7; pl. 70, fig. 1; see also 
METzELTin et al. 2005, pl. 63, fig. 1) from a river at 
Zomandao, Madagascar. All have c. 17 striae in 10 µm. 
However, the Madgascan specimens are proportion-
ately slightly wider and the striae appear to be more 
coarsely punctate. 

Sellaphora [americana K–LB] Φ ‘narrow’ (Fig. 
4)
Valves linear, with margins very slightly bowed 
inwards towards the centre and rounded, slightly 
cuneate poles that are somewhat abruptly set off 
from the lateral margins, 64–80 × 14–14.5 µm. 
Striae parallel or very slightly radiate centrally, 
becoming more strongly radiate near the poles, 
16.7–17.4–18.0 in 10 µm; areolae visible in LM. 
Axial area wide, occupying > 30% of the valve 
width, representing a depressed plain area covered 
by a wide conopeum. Central area well-defined, 
± circular. Raphe-sternum well-defined because 
of the adjoining depressed plain area, markedly 
expanded into an elliptical ‘central nodule’ sur-
rounding the central raphe endings. Raphe sinu-
ous. Polar bars absent.

rEMarKs: Very similar to Φ ‘wide’ but consistently 
narrower at any given length, despite occurring in the 
same samples.

Bacillum group

Sellaphora [bacillum K–LB] Φ ‘rectangular’ 
(Fig. 5)
Valves linear becoming linear-elliptical, with 
smoothly rounded poles, 21.5–53 µm × 9.5–10.75 
µm. Striae slightly radiate throughout, more wide-
ly spaced but with no intercalated striae at the cen-
tre, 19.1–21.0–23.7 in 10 µm; areolae invisible in 

(2) many photographs are of such poor quality that the 
subtleties of shape and striation are lost, or (3) only 
one or a few valves are illustrated per deme, so that 
life cycle variation could not be judged. By far the best 
sets of photographs available to us were those of the 
Iconographia diatomologica series (LangE-BErTaLoT 
& gEnKaL 1999, LangE-BErTaLoT & METzELTin 1996, 
LangE-BErTaLoT et al. 1996, 2003, LEvKov et al. 2007, 
METzELTin & LangE-BErTaLoT 1998, 2002, 2007, MET-
zELTin & wiTKowsKi 1996, METzELTin et al. 2005, ruM-
rich et al. 2000, wEruM & LangE-BErTaLoT 2004). Our 
‘Remarks’ are therefore strongly biased towards these 
volumes and if it appears that we are biased and have 
been unfairly critical of them, it is only because they 
are almost the only works where the illustrations and 
documentation were good enough to allow us to make 
a tentative evaluation.

In order to make it easier to test for the exist-
ence of similar demes elsewhere, we have provided 
references to published cox1 sequences (Evans et al. 
2007), which can function as ‘DNA BarcodEs’. In a 
few cases, cox1 sequences are not cited, even though 
relevant data have been published (Evans et al. 2007). 
This reflects uncertainty in a few cases that we have 
correctly linked the cox1 sequences, which were all 
obtained from single-cell isolates, to the natural popu-
lations used to construct the phenodeme catalogue. We 
have arranged the phenodemes first by species group 
([americana], [bacillum], etc.) and then by our sub-
jective estimate of overall similarity, which we hope 
places each deme nearest to those with which it might 
most easily be confused. The aim of the arrangement 
was to facilitate comparison and identification, not to 
imply close phylogenetic relationship.

Results

americana group

Sellaphora [americana K–LB] Φ ‘wide’ (Fig. 
3)
Valves strictly linear, with broadly and smoothly 

Fig. 2. The central areas of (a) Sellaphora obesa and (b) S. 
lanceolata. In S. lanceolata each longer central stria consists 
of a marginal part containing areolae, which appears dark 
like the striae elsewhere on the valve, and a part nearer the 
raphe that appears paler because it does not contain areolae 
(although it is thinner than the interstriae); the arrow indicates 
the junction between these two sectors for one such stria. By 
contrast, S. obesa has simple striae.
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Sellaphora [bacillum K–LB] Φ ‘button’ (Fig. 
6)
Valves linear becoming linear-elliptical, with 
smoothly rounded poles, 23–38 × 8.75–9.75 µm. 
Striae slightly radiate throughout, more widely 
spaced but with no intercalated striae at the cen-
tre, 22.3–22.9–24.1 in 10 µm; areolae invisible 
in LM. Axial area narrow, occupying c. 20% of 
the valve width near the centre, representing a de-
pressed plain area covered by a narrow conopeum. 
Central area markedly expanded (to 45–50% of 
the valve width), well-defined, ± circular. Raphe-
sternum well-defined because of the adjoining 

LM (except, occasionally, for a few immediately 
adjacent to the central area). Axial area narrow, 
occupying c. 20% of the valve width near the cen-
tre, representing a depressed plain area covered 
by a narrow conopeum. Central area expanded in 
longer specimens (to 35–45% of the valve width), 
merging gradually into the axial area, ± circular. 
Raphe-sternum well-defined because of the ad-
joining depressed area, narrow, expanded into a 
narrowly elliptical ‘central nodule’ surrounding 
the central raphe endings. Raphe very slightly 
sinuous. Polar bars present, parallel. dna Bar-
codE (cox1): GenBank EF164941.

Fig. 3. Sellaphora [americana K–LB] Φ ‘wide’: Toomebridge diatomite; (a) slide BH 314A (Pleurax 2), November 1976; (b, 
c) slide BH 344, Fossil F/W deposit, Hyrax, August 1986. Scale bar = 10 µm.



Fottea, Olomouc, 8(1): 15–78, 2008                                                                                                                        31

Fig. 4. Sellaphora [americana K–LB] Φ ‘narrow’: Toomebridge diatomite; (a, c) slide BH 344, Fossil F/W deposit, Hyrax, 
August 1986; (b) slide BH 344, >600 mesh, Sept 1971. Scale bar = 10 mm.

depressed area, narrow, expanded into a narrowly 
elliptical ‘central nodule’ surrounding the central 
raphe endings. Raphe very slightly sinuous. Polar 
bars present, parallel.
rEMarKs: Separated from Φ ‘rectangular’ by its nar-
rower and more finely striated valves and the distinc-
tive, button-like, expanded central area.

Sellaphora [bacillum K–LB] Φ ‘oval’ (Fig. 7)
Valves linear-elliptical becoming elliptical, with 

smoothly rounded poles, 19–38 µm × 8.75–10.5 
µm. Striae slightly radiate throughout, slightly 
more widely spaced but with no intercalated striae 
at the centre, 18.3–19.1–20.2 in 10 µm; areolae 
invisible in LM. Axial area narrow, occupying c. 
20% of the valve width near the centre, represent-
ing a depressed plain area covered by a narrow 
conopeum. Central area scarcely expanded (to c. 
30% of the valve width in longer specimens), well-
defined, ± circular. Raphe-sternum well-defined 
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because of the adjoining depressed area, narrow, 
expanded into a narrowly elliptical ‘central nod-
ule’ surrounding the central raphe endings. Raphe 
very slightly sinuous. Polar bars present, parallel.

Sellaphora [bacillum K–LB] Φ ‘buttermax’ 
(Fig. 8)
Valves narrowly elliptical becoming elliptical, 

Fig. 5. Sellaphora [bacillum K–LB] Φ ‘rectangular’: Blackford Pond; (a–f) slide ‘Blackford 18.12.86 thin 1’. Scale bar = 10 
µm.

Fig. 6. Sellaphora [bacillum K–LB] Φ ‘button’: Malham Tarn; (a–f) slide E3685/3. Scale bar = 10 µm.

with ± smoothly rounded poles that often appear 
sharply pointed because of the overall shape of 
the valve, 30–50 × 9.5–10.75 µm. Striae radiate 
throughout, more widely spaced but with no in-
tercalated striae at the centre, 18.2–19.4–20.7 in 
10 µm; some areolae visible in LM, around the 
central area. Axial area narrow, occupying c. 20% 
of the valve width near the centre, represent-
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Fig. 8. Sellaphora [bacillum K–LB] Φ ‘buttermax’: Loch of Butterstone; (a–f) slide E3673/1. Scale bar = 10 µm.

Fig. 7. Sellaphora [bacillum K–LB] Φ ‘oval’: Cole Mere; (a–f) slide E339/3. Scale bar = 10 µm.

ing a depressed plain area covered by a narrow 
conopeum; central area expanded (to 30–50% 
of the valve width in longer specimens), well-
defined, ± circular. Raphe-sternum well-defined 
because of the adjoining depressed area, narrow, 
expanded into a narrowly elliptical ‘central nod-
ule’ surrounding the central raphe endings. Raphe 
very slightly sinuous. Polar bars present, parallel 

or slightly radiate.

Sellaphora [bacillum K–LB] Φ ‘butter’ (Fig. 9)
Valves narrowly elliptical becoming elliptical, 
with ± smoothly rounded poles that often appear 
sharply pointed because of the overall shape of 
the valve, 19–39 µm × 8.75–9.75 µm. Striae radi-
ate throughout, more widely spaced but with no 



intercalated striae at the centre, 21.4–22.8–24.1 in 
10 µm; areolae invisible in LM. Axial area narrow, 
occupying c. 20% of the valve width near the cen-
tre, representing a depressed plain area covered 
by a narrow conopeum; central area expanded (to 
35–55% of the valve width), with clear bounda-
ries but merging gradually into the axial area, ± 
circular. Raphe-sternum well-defined because of 
the adjoining depressed area, narrow, expanded 
into an elliptical ‘central nodule’ surrounding the 
central raphe endings. Raphe very slightly sinu-
ous. Polar bars present, parallel or slightly radi-
ate.

rEMarKs: This phenodeme seems to bear a similar phe-
netic relationship to Φ ‘buttermax’ as Φ ‘button’ does 
to Φ ‘rectangular’.

Sellaphora [bacillum K–LB] Φ ‘radiate’ (Fig. 
10)
Valves elliptical, with ± smoothly rounded poles 
that appear sharply pointed because of the overall 
shape of the valve, 31.5–47 × 10.25–11.25 µm. 
Striae radiate throughout, slightly more widely 
spaced but with no intercalated striae at the centre, 
20.5–22.0–22.8 in 10 µm; some areolae visible in 
LM, around the central area. Axial area narrow, 
occupying c. 20% of the valve width near the cen-
tre, representing a depressed plain area covered 
by a narrow conopeum. Central area expanded 

(to 40–45% of the valve width), moderately well-
defined, circular or elliptical. Raphe-sternum 
well-defined because of the adjoining depressed 
area, narrow, expanded into a narrowly ellipti-
cal ‘central nodule’ surrounding the central raphe 
endings. Raphe very slightly sinuous. Polar bars 
present, slightly radiate.

rEMarKs: Like Φ ‘buttermax’ but more finely striated 
and with a more simply elliptical outline.

Sellaphora [bacillum K–LB] Φ ‘gibbous’ (Fig. 
11)
Valves linear-rhombic, becoming linear-elliptical, 
with rounded subacute poles, 18–38.5 × 7.5–8.25 
µm. Striae slightly radiate throughout, more wide-
ly spaced but with no intercalated striae at the cen-
tre, 20.4–21.5–23.0 in 10 µm; areolae invisible in 
LM. Axial area narrow, occupying c. 20% of the 
valve width near the centre, representing a de-
pressed plain area covered by a narrow conopeum. 
Central area expanded (to 40–60% of the valve 
width), ± well-defined, ± circular. Raphe-sternum 
well-defined because of the adjoining depressed 
area, narrow, expanded into a narrowly ellipti-
cal ‘central nodule’ surrounding the central raphe 
endings. Raphe very slightly sinuous. Polar bars 
present, parallel.

Fig. 9. Sellaphora [bacillum K–LB] Φ ‘butter’: Loch of Butterstone; (a–f) slide E3673/1. Scale bar = 10 µm.
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Fig. 10. Sellaphora [bacillum K–LB] Φ ‘radiate’: Loch Leven; (a–c, e) slide E3803/3; (d) slide E3803/1. Scale bar = 10 µm.

Fig. 11. Sellaphora [bacillum K–LB] Φ ‘gibbous’: Loch Leven; (a, c, d, f, g) slide E3832/4; (b, e) slide E3832/3. Scale bar = 
10 µm.
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pupula group

Sellaphora [pupula K–LB] Φ ‘lordly’ (Fig. 12)
Valves almost rhombic in the longest specimens, 
becoming elliptical, with subacute or subrostrate 
poles, 22–38.5 × 8.5–9.25 µm. Striae radiate over 
most of the valve, becoming parallel very close 
to the poles, more widely spaced centrally with 
some intercalated striae, 20.4–22.0–23.5 in 10 
µm; areolae invisible in LM. Axial area widen-
ing towards the centre (becoming up to c. 30% 
of the valve width), including a depressed plain 
area adjacent to the raphe (?covered by a narrow 
conopeum); central area expanded (to 50–70% of 
the valve width), somewhat irregular, transverse-
ly rectangular to bow-tie–shaped. Raphe-sternum 
well-defined because of the adjoining depressed 
area, very narrow, expanded into a narrowly ellip-
tical ‘central nodule’ surrounding the central ra-
phe endings. Raphe ± straight. Polar bars present, 
parallel.

rEMarKs: This is highly distinctive among British Sell-
aphora. A specimen of a similar diatom, though further 
along the size reduction sequence than any we have 
found thus far, was illustrated from an unspecified lo-
cation in NW Siberia by LangE-BErTaLoT & gEnKaL 
(1999, pl. 36, fig. 9), as S. pupula sensu lato.

Sellaphora [pupula K–LB] Φ ‘spike’ (Fig. 13)
Valves narrowly elliptical, with narrowly rostrate 
poles (overall, the shape is therefore ‘lanceolate’), 
22–34.5 × 8.0–9.25 µm. Striae radiate and curved 
over most of the valve, becoming ± parallel and 
occasionally angled near the polar bars, always 
with intercalated short striae at the centre, some 
of the longer central striae continued inwards as 
‘ghost striae’, 18.0–19.2–20.5 in 10 µm; areolae 
invisible in LM. Axial area narrow. Central area 
expanded (to 40–50% of the valve width), some-
what irregular, transversely elliptical or trans-
versely rectangular. Raphe-sternum bordered 
externally by prominent narrow grooves, which 
are discontinuous across the central area. Raphe ± 
straight. Polar bars present, parallel.

rEMarKs: LEvKov et al. (2007, pl. 107, figs 1–3, 5–7 
but not figs 4 and 8) illustrate six specimens of “S. mu-
tatoides”, 21–41.5 µm long, that resemble Φ ‘spike’ in 
outline, stria pattern and stria density (c. 19 in 10 µm), 
but are wider at any given length (e.g. by 0.5–1 µm at 
c. 30 µm). The remaining two valves identified as “S. 
mutatoides” by LEvKov et al. (2007, pl. 107, figs 4, 8) 
correspond even better to our material. LEvKov et al.’s 
material came from Lake Prespa, in the border area be-
tween Greece, Albania and the Republic of Macedonia; 

the type material of S. mutatoides, however, is from 
the nearby Lake Ohrid (METzELTin & LangE-BErTaLoT 
2002, p. 64) and specimens from this material have ap-
parently never been illustrated [it is not stated whether 
the single valve illustrated by KraMMEr & LangE-
BErTaLoT (1986, pl. 68, fig. 17) and cited by METzEL-
Tin & LangE-BErTaLoT (2002, p. 64) is from Ohrid]. 
Instead, METzELTin & LangE-BErTaLoT 2002, pl. 31, 
figs 23, 24; pl. 34, fig. 13) illustrate specimens from 
Madagascar, one of which (pl. 34, fig. 13) is narrower 
than the others and falls outside the range given in the 
protologue (op. cit., p. 64). METzELTin & LangE-BErTa-
LoT (2002) also assign to S. mutatoides the Mittersee 
(Austria) specimen illustrated by LangE-BErTaLoT & 
METzELTin (1996, pl. 81, fig. 13). In view of the exist-
ence of another, apparently distinct deme resembling 
S. mutatoides, namely Φ ‘lemon’, the identity of genu-
ine S. mutatoides from Lake Ohrid and its relationship 
to “mutatoides” from Lake Prespa, the Mittersee, and 
Ivato in Madagascar, and to Φ ‘lemon’ and Φ ‘spike’, 
require further investigation. Further specimens re-
sembling Φ ‘spike’ are found in the arctic Bear Island 
(Norway) flora published by METzELTin & wiTKowsKi 
(1996, as “Sellaphora pupula (Kütz.) Mereschkowsky 
var. pupula”: see pl. 7, figs 10–12, but not fig. 13).

Sellaphora [pupula K–LB] Φ ‘grooved lanceo-
late’ (Fig. 14)
Valves narrowly elliptical to elliptical, with ros-
trate poles (overall, the shape is therefore ‘lan-
ceolate’), 21–38 × 7.25–8.25 µm. Striae radiate 
and slightly curved over most of the valve, often 
becoming angled near the poles and/or parallel or 
slightly convergent close to the polar bars, always 
with intercalated short striae at the centre, some 
of the longer central striae continued inwards as 
‘ghost striae’, 20.4–21.5–22.8 in 10 µm; areolae 
invisible in LM. Axial area very narrow. Central 
area expanded (to c. 40–60% of the valve width), 
somewhat irregular, transversely rectangular to 
almost elliptical. Raphe-sternum bordered exter-
nally by prominent narrow grooves, which are 
discontinuous across the central area. Raphe ± 
straight. Polar bars present, parallel or slightly 
convergent.

rEMarKs: Apparently the same deme was illustrated by 
LangE-BErTaLoT & METzELTin (1996, pl. 81, figs 16, 
17) from the Mittersee, Austria, as “Morphotyp Nr. 1”. 
LangE-BErTaLoT & METzELTin (1996, p. 280) note that 
this is a “Varietät mit enger gestellten Streifen und aus-
geprägtem Conopeum.”

Sellaphora [pupula K–LB] Φ ‘small lanceolate’ 
(Fig. 15)
Valves narrowly elliptical, with rostrate poles 
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Fig. 12. Sellaphora [pupula K–LB] Φ ‘lordly’: Loch Leven. (a–g) slide E3803/3. Scale bar = 10 µm.

Fig. 13. Sellaphora [pupula K–LB] Φ ‘spike’: (a) Loch Leven, slide 3690/3; (b, c, f) Pick Mere, slide E341/A; (d, g) Loch 
Leven, slide E3830/6; (e) Loch Leven, E3830/3. Scale bar = 10 µm.

(overall, the shape is therefore ‘lanceolate’), 
17.5–30 × 6.75–8.25 µm. Striae strongly radi-
ate and curved over most of the valve, becoming 
± parallel and sometimes angled near the polar 
bars, always with intercalated short striae at the 
centre, some of the longer central striae contin-
ued inwards as ‘ghost striae’, 20.1–21.3–23.0 in 
10 µm; areolae invisible in LM. Axial area very 

narrow. Central area expanded (to 35–55% of the 
valve width), somewhat irregular, transversely 
elliptical. Raphe-sternum bordered externally by 
prominent narrow grooves, which are discontinu-
ous across the central area. Raphe ± straight. Polar 
bars present, parallel.
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Sellaphora [pupula K–LB] Φ ‘lemon’ (Fig. 16)
Valves elliptical, with narrow rostrate poles (the 
shape overall, therefore, is ‘broadly lanceolate’), 
19–28.5 × 7.25–8.75 µm. Striae strongly radiate 
over most of the valve, sometimes angled and 
becoming ± parallel very close to the polar bars, 
always with intercalated short striae at the cen-
tre, some of the longer central striae continued 
inwards as ‘ghost striae’, 19.3–20.1–21.2 in 10 
µm; areolae invisible in LM. Axial area very nar-
row. Central area expanded (to c. 30–50% of the 
valve width), somewhat irregular, almost circular 
to transversely elliptical. Raphe-sternum bordered 
externally by prominent narrow grooves, which 
are discontinuous across the central area. Raphe 
very slightly sinuous. Polar bars present, parallel.

rEMarKs: The larger valve illustrated (Fig. 16a) may 
not belong to the same deme as the smaller ones. How-
ever, diatoms with a low aspect ratio (e.g. Cocconeis) 
often reduce more equally in length and breadth than 
more elongate diatoms (gEiTLEr 1932) and so, because 
this deme was rare in our material from Loch Leven 
and intermediates may have been missed, we have pro-
visionally assigned all of the valves to the same deme. 
We would not be surprised to be proved wrong. Appar-
ently the same deme was illustrated by LangE-BErTaLoT 
& METzELTin (1996, pl. 81, fig. 13) from the Mittersee, 
Austria, as “Sellaphora mutata (Krass.) Lange-Bertalot 
nov. comb.” However, in the type material of S. mutata 

from Saxony, Germany, illustrated by LangE-BErTaLoT 
et al. (1996, pl. 18, figs 29–32) the valves are apiculate 
rather than rostrate and the striation density is c. 24 
in 10 µm (agreeing with KrassKE’s 1929 protologue). 
METzELTin & LangE-BErTaLoT (2002) recognized these 
discrepancies and specifically re-allocated the Mitter-
see specimen to their new species S. mutatoides, de-
scribed from Lake Ohrid. However, although the stria-
tion densities are similar in all (19–22 in 10 µm), there 
is insufficient information about shape and size varia-
tion to determine whether S. mutatoides, the Mittersee 
specimen and Φ ‘lemon’ are truly alike, or whether Φ 
‘lemon’ is homogeneous. The size reduction series of 
“S. mutatoides” illustrated by LEvKov et al. (2007, pl. 
107, figs 1–8) from Lake Prespa suggests that the near-
est equivalent of their diatom among our phenodemes 
is Φ ‘spike’ (q.v.), not Φ ‘lemon’. gErMain (1981, pl. 
78, fig. 13, as S. nyassensis) illustrated a diatom that 
seems to agree in all respects with the smaller valves of 
Φ ‘lemon’, but the habitat he describes (among Sphag-
num near a peat-bog in Brittany) does not agree well 
with the known habitat of Φ ‘lemon’ (sandy sediments 
of the eutrophic Loch Leven).

Sellaphora lanceolata (Fig. 17)
Valves narrowly elliptical with rostrate poles 
(overall, the shape is therefore ‘lanceolate’), (pos-
sibly 21.5: see ‘Remarks’) 24–31 × (7.1) 7.25–
7.75 (8.1) µm. Striae radiate over most of the 
valve, angled near the poles and then convergent 
close to the polar bars, always with intercalated 

Fig. 14. Sellaphora [pupula K–LB] Φ ‘grooved lanceolate’: (a, e) Loch of Clunie, slide E328/3; (b, c) Loch of Craiglush, slide 
323/2; (d, f) Loch Leven, slide E3830/3; (g) Malham Tarn, slide E3686/3. Scale bar = 10 µm.
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Fig. 15. Sellaphora [pupula K–LB] Φ ‘small lanceolate’: Threipmuir Reservoir. (a–g) slide E2588/3. Scale bar = 10 µm.

Fig. 16. Sellaphora [pupula K–LB] Φ ‘lemon’: Loch Leven. (a, b, e) slide E3830/3. (c, d, f) slide E3690/3. Scale bar = 10 
µm.

short striae at the centre, some of the longer cen-
tral striae continued inwards as ‘ghost striae’, (18) 
18.8–20.3–21.4 (21.5) in 10 µm; areolae invisible 
in LM. Axial area narrow. Central area expanded 
(to c. 45–55% of the valve width), somewhat ir-
regular, almost round or elliptical to transversely 
rectangular. No grooves bordering the raphe-
sternum visible in LM. Raphe straight. Polar bars 
present, convergent. dna BarcodE (cox1): Gen-
Bank EF164953.

rEMarKs: LEvKov et al. (2007, pl. 107, fig. 18) illus-
trate a valve resembling S. lanceolata, except that its 
poles are subcapitate. METzELTin & LangE-BErTaLoT 
(2007, pl. 161, figs 4–7, probably not fig. 8) show 
stages in the size reduction of a deme corresponding 
well to S. lanceolata in valve outline, size, stria pattern 

and stria density. However, the micrographs (which are 
of high quality) show no sign of the ‘ghost striae’ al-
ways present in our material. In each of our samples, 
S. lanceolata usually showed a very narrow range of 
sizes, consistent with the idea (Mann et al. 2004) that 
it avoids size reduction. The valve shown in Fig. 17g is 
unusually small and we assign it to S. lanceolata with 
some doubt.

Sellaphora [pupula K–LB] Φ ‘corpulent’ (Fig. 
18)
Valves narrowly elliptical to elliptical, with very 
broadly rostrate poles (overall, the shape is there-
fore ‘lanceolate’), 28.5–37.5 × 9.75–10.5 µm. 
Striae slightly radiate and slightly curved over 
most of the valve, becoming angled near the poles 
and/or parallel or convergent close to the polar 
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bars, with few or no intercalated short striae at the 
centre, 19.2–19.9–21.0 in 10 µm; areolae invis-
ible in LM. Axial area very narrow. Central area 
strongly expanded (to c. 70–75% of the valve 
width), ± well-defined, transversely rectangular to 
slightly bow-tie–shaped. Raphe-sternum usually 
bordered externally by a well-marked groove or 
step, even in the central area. Raphe slightly sinu-
ous. Polar bars present, parallel.

rEMarKs: In dimensions, shape and striation pattern, 
Φ ‘corpulent’ resembles two valves from NW Siberia 
illustrated by LangE-BErTaLoT & gEnKaL (1999, pl. 36, 
figs 11, 12). However, these are slightly more finely 
striated (with c. 22 striae in 10 µm) than our speci-
mens and, probably more importantly, they possess a 
different axial area, possessing prominent but narrow 
grooves and conopea alongside the raphe-sternum, 
which are discontinuous across the central area (cf. 
LangE-BErTaLoT & gEnKaL 1999, pl. 36, fig. 10), as 
in the ‘spike’, ‘grooved lanceolate’, ‘small lanceolate’ 
and ‘lemon’ phenodemes.

Sellaphora [pupula K–LB] Φ ‘cf. corpulent’ 
(Fig. 19)
Valves narrowly elliptical to elliptical, with broad-
ly rostrate poles (overall, the shape is therefore 
‘lanceolate’), 25.5–46.5 × 9.5–10.25 µm. Striae 
radiate and slightly curved over most of the valve 
(but sometimes almost parallel centrally), becom-
ing angled near the poles and parallel or conver-
gent close to the polar bars, with some interca-
lated short striae at the centre, 19.1–20.1–20.9 in 

10 µm; areolae invisible in LM. Axial area very 
narrow. Central area strongly expanded (to c. 
60–65% of the valve width), somewhat irregular, 
transversely rectangular to transversely elliptical. 
Raphe-sternum usually bordered externally by a 
well-marked groove or step, even in the central 
area. Raphe very slightly sinuous. Polar bars 
present, convergent to parallel.

rEMarKs: Like Φ ‘corpulent’ in stria pattern and den-
sity, but intermediate betweeen this and S. obesa in di-
mensions.

Sellaphora obesa (Fig. 20)
Valves narrowly elliptical to elliptical, with 
broadly rostrate poles (overall, the shape is there-
fore ‘lanceolate’), (20) 21.5–47.5 × (8) 8.75–10.0 
µm. Striae radiate and straight to slightly curved 
over most of the valve, becoming parallel or con-
vergent close to the polar bars and some usually 
obviously angled, with a few intercalated short 
striae at the centre, 18.0–18.7–20.7 (21.5) in 10 
µm; areolae invisible in LM. Axial area narrow. 
Central area strongly expanded (to 60–70% of the 
valve width), somewhat irregular, transversely 
rectangular to bow-tie–shaped. Raphe-sternum 
bordered externally by a groove or step, even in 
the central area. Raphe very slightly sinuous. Po-
lar bars present, parallel to convergent.

rEMarKs: Apparently the same diatom was illustrated 
by gErMain (1981, pl. 78, figs 4, 5). gErMain did not 
separate it from S. pupula.

Fig. 17. Sellaphora lanceolata; (a–c) Blackford Pond, slide ‘E16 Stand’; (d, f, g) Malham Tarn, slide E3685/3; (e) Dunsapie 
Loch, slide E3572. Scale bar = 10 µm.
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Fig. 18. Sellaphora [pupula K–LB] Φ ‘corpulent’: Little Water; (a–f) slide ‘B’, K. Atkinson. Scale bar = 10 µm.

Fig. 19. Sellaphora [pupula K–LB] Φ ‘cf. corpulent’: (a–e) Lindean Reservoir, slide E88 sonic; (f) Loch of Drumellie, E329/2. 
Scale bar = 10 µm.
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Sellaphora [pupula K–LB] Φ ‘meso-obese’ (Fig. 
21)
Valves narrowly elliptical, with broadly rostrate 
poles (overall, the shape is therefore ‘lanceo-
late’), 26–32.5 × 8.25–8.75 µm. Striae radiate 
and straight to slightly curved over most of the 
valve, becoming parallel or convergent close to 
the polar bars, with a few intercalated short stri-
ae at the centre, 18.3–19.6–21.0 in 10 µm; are-
olae invisible in LM. Axial area narrow. Central 
area strongly expanded (to 65–75% of the valve 
width), somewhat irregular, transversely ± rec-
tangular. Raphe-sternum bordered externally by a 
shallow groove or step, even in the central area. 
Raphe very slightly sinuous. Polar bars present, 
parallel or slightly convergent.

rEMarKs: Like S. obesa in all respects apart from its 
dimensions, being narrower for any given length.

Sellaphora [pupula K–LB] Φ ‘mini-obese’ (Fig. 
22)
Valves narrowly elliptical to elliptical, with broad-
ly rostrate poles (overall, the shape is therefore 
‘lanceolate’), 13.5–37.5 × 7.0–8.75 µm. Striae ra-
diate and straight to slightly curved over most of 
the valve, becoming parallel or convergent close 
to the polar bars, with some intercalated short 
striae at the centre, sometimes with some of the 
longer central striae continued inwards as ‘ghost 

Fig. 20. Sellaphora obesa: Blackford Pond; (a–f) slide ‘18.12.86 thin 1’. Scale bar = 10 µm.

striae’, 18.7–19.2–20.5 in 10 µm; areolae invis-
ible in LM. Axial area very narrow. Central area 
strongly expanded (usually to 60–70% of the valve 
width, but sometimes to only 45% in the small-
est specimens), somewhat irregular, transversely 
± rectangular. No obvious groove alongside the 
raphe-sternum. Raphe straight. Polar bars present, 
parallel to convergent.

rEMarKs: This is the smallest of the ‘obesa series’.

Sellaphora [pupula K–LB] Φ ‘wide tidy’ (Fig. 
23)
Valves narrowly elliptical with very broadly ros-
trate to subcapitate poles (overall, the shape is 
therefore ‘lanceolate’), 25–35.5 × 8–8.75 µm. 
Striae radiate and slightly curved, with some in-
tercalated short striae at the centre, 20.7–21.7–
22.6 in 10 µm; areolae invisible in LM. Axial area 
very narrow. Central area strongly expanded (to 
60–65% of the valve width), ± well-defined, bow-
tie–shaped. Raphe-sternum narrow, bordered ex-
ternally by shallow grooves. Raphe slightly sinu-
ous. Polar bars present, radial or parallel.

Sellaphora [pupula K–LB] Φ ‘tidy’ (Fig. 24)
Valves narrowly elliptical with broadly rostrate to 
subcapitate poles (overall, the shape is therefore 
‘lanceolate’), 17.5–33.5 × 6.75–8.5 µm. Striae ra-
diate and slightly curved over most of the valve, 
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becoming parallel near the poles, with some inter-
calated short striae at the centre, 20.9–23.1–25.5 
in 10 µm; areolae invisible in LM. Axial area 
very narrow. Central area strongly expanded (to 
60–65% of the valve width), ± well-defined, bow-
tie–shaped. Raphe-sternum narrow, bordered ex-
ternally by shallow grooves. Raphe very slightly 
sinuous. Polar bars present, parallel.

rEMarKs: LangE-BErTaLoT & METzELTin (1996, pl. 25, 
fig. 6) illustrate a single valve (24 × 7.9 µm, with c. 
21 striae in 10 µm) from Lake Julma Ölkky, Finland, 
which closely resembles Φ ‘tidy’. It was identified by 
LangE-BErTaLoT & METzELTin as “Sellaphora pupula 
(Kütz.) Mereschkowsky var. pupula”, but this was be-
fore the second-step lectotypification of S. pupula by 
Mann (2001).

Sellaphora [pupula K–LB] Φ ‘slender’ (Fig. 
25)
Valves narrowly elliptical with capitate to subcap-
itate poles (overall, the shape is therefore ‘lanceo-
late’), 23.5–41 × 6.5–7.75 µm. Striae radiate and 
curved, becoming parallel towards the poles, with 
some intercalated short striae at the centre, 24.8–
26.3–27.9 in 10 µm; areolae invisible in LM. Axi-
al area narrow. Central area strongly expanded (to 
60–65% of the valve width), somewhat irregular, 
± bow-tie–shaped to transversely rectangular or 
almost elliptical. Raphe-sternum narrow, appar-
ently bordered externally on each side by a shal-
low groove or step that is continuous across the 
central area. Raphe sinuous. Polar bars present, 
parallel or slightly radiate.

rEMarKs: Apparently the same deme was described 
as S. pupula var. densistriata by LangE-BErTaLoT & 
METzELTin (1996, p. 102, pl. 25, fig. 9) from Lake Ju-
lma Ölkky, Finland, and elevated to species rank by 
METzELTin & LangE-BErTaLoT (2002, p. 58). The only 
metric data supplied by these authors were stria den-
sities (25–28 in 10 µm near the centre), which agree 
with our data. The single specimen illustrated by 
LangE-BErTaLoT & METzELTin measures 37 × 7.7 µm 
and corresponds almost exactly to our Fig. 25b. Two 
other micrographs published by LangE-BErTaLoT & 
METzELTin (1996, pl. 81, figs 18, 19) for comparison 
with S. densistriata but labelled as “Morphotyp Nr. 
2 Mittersee” seem to represent a significantly wider 
diatom (valve dimensions 42 × 8.5 µm and 46.5 × 9.0 
µm) that is less finely striate (c. 23–24 striae in 10 µm 
measured on the photographs). LEvKov et al. (2007) 
revert to LangE-BErTaLoT & METzELTin’s (1996) classi-
fication, in which densistriata is treated as a variety of 
S. pupula. The valve they illustrate from Lake Prespa 
(LEvKov et al. 2007, pl. 107, fig. 16) has more narrowly 

rostrate poles than Φ ‘slender’ – 4.75 vs. 5.25 µm (at 
41 µm long, the nearest equivalent among our valves is 
Fig. 25a) – and the striation density of the Prespa speci-
men (though difficult to measure from the photograph) 
appears to be 22–24 in 10 µm. It is unlikely that this 
valve belongs to the same phenodeme as Φ ‘slender’ 
or S. densistriata sensu LangE-BErTaLoT & METzELTin 
(1996). METzELTin & LangE-BErTaLoT (2007) illustrate 
three valves identified as “Sellaphora cf. densistriata” 
from Novrague, French Guiana, which are much larger 
and more robust than Φ ‘slender’ (41.5–45.5 × 9–9.5 
µm, with c. 22 striae in 10 µm) and cannot be assigned 
to the same phenodeme. None of the valves from Uru-
guay identified as S. densistriata by METzELTin et al. 
(2005, pl. 64, figs 1–5, 10–12, 37) agree in shape or 
striation pattern with Φ ‘slender’ or with the original 
material from Julma Ölkky and we wonder if they were 
accidentally mislabelled.

Sellaphora [pupula K–LB] Φ ‘refined’ (Fig. 
26)
Valves narrowly elliptical with rostrate poles 
(overall, the shape is therefore ‘lanceolate’), 
20.5–25.5 × 6.25–6.5 µm. Striae radiate and 
slightly curved over most of the valve, becom-
ing slightly convergent near the poles, sometimes 
with a few intercalated short striae at the centre, 
24.3–25.7–28.2 in 10 µm; areolae invisible in 
LM. Axial area narrow. Central area expanded (to 
55–65% of the valve width), ± well-defined, bow-
tie–shaped. Raphe-sternum narrow, bordered ex-
ternally by narrow but prominent grooves, which 
are discontinuous across the central area. Raphe 
very slightly sinuous. Polar bars present, parallel 
or slightly convergent.

rEMarKs: The consistently neat bow-tie–shaped cen-
tral area and narrower poles seem to separate this from 
Φ ‘slender’.

Sellaphora [pupula K–LB] Φ ‘amor’ (Fig. 27)
Valves linear-elliptical, with broad, slightly ros-
trate poles, 22–36.5 × 7.75–8.5 µm. Striae radi-
ate, curved near the centre, angled near the poles, 
with some intercalated short striae at the centre, 
21.2–22.0–22.5 in 10 µm; areolae invisible in LM. 
Axial area narrow. Central area expanded (to 50–
65% of the valve width), ± well-defined, mostly 
bow-tie–shaped. No obvious groove alongside the 
raphe-sternum. Raphe slightly sinuous. Polar bars 
present, parallel.

rEMarKs: A specimen illustrated by LangE-BErTaLoT 
& METzELTin (1996, pl. 82, fig. 6) from the Mittersee, 
Austria, may represent the same phenodeme.
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Fig. 24. Sellaphora [pupula K–LB] Φ ‘tidy’: Threipmuir Reservoir; (a–d) slide ‘Threipmuir Marsh Basin usual 11.6.86 B 
(thin)’; (e–g) slide ‘Threipmuir Middle Basin NW end/coffer dam 11.6.86 C’. Scale bar = 10 µm.

Fig. 25. Sellaphora [pupula K–LB] Φ ‘slender’: (a–c, e, f) Heart Moss, slide E423/1; (d, g, h) Loch of Craiglush, slide E323/2. 
Scale bar = 10 µm.

Fig. 21. Sellaphora [pupula K–LB] Φ ‘meso-obese’: (a, d) Crose Mere, slide E336/3; (b, c, e–g) Loch Leven, slide E3690/3. 
Scale bar = 10 µm.
Fig. 22. Sellaphora [pupula K–LB] Φ ‘mini-obese’: (a–c, f, g) Hanmer Mere, slide E334/2; (d, e) Cole Mere, E339/3. Scale 
bar = 10 µm.
Fig. 23. Sellaphora [pupula K–LB] Φ ‘wide tidy’: Loch Maree; (a–e, g) slide E2749.1; (f) slide E2763.1. Scale bar = 10 µm.
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Fig. 26. Sellaphora [pupula K–LB] Φ ‘refined’: Threipmuir Reservoir; (a, b, e) slide ‘Threipmuir Marsh Basin usual 11.6.86 
B (thin)’; (c, f, h) slide ‘Threipmuir usual 29.9.86 B’; (d, g) slide ‘Threipmuir Middle Basin NW end/coffer dam 11.6.86 C’. 
Scale bar = 10 µm.

Fig. 27. Sellaphora [pupula K–LB] Φ ‘amor’: (a, c, e) Loch of Craiglush, slide E323/2; (b, f, g) Loch of Butterstone, slide 
E327/3; (d) Heart Moss, slide E423/1. Scale bar = 10 µm.

Sellaphora [pupula K–LB] Φ ‘perfidy’ (Fig. 
28)
Valves almost linear, with broadly rostrate poles, 
22–33 × 6.5–6.75 µm. Striae strongly radiate near 
the centre, becoming parallel or slightly conver-
gent near the poles, straight or slightly curved 
and sometimes angled near the poles, sometimes 
with a few intercalated shorter striae at the centre, 
20.5–21.5–22.5 in 10 µm; areolae just visible in 
LM. Axial area narrow. Central area very strong-
ly expanded (to 65–80% of the valve width), ± 
well-defined, bow-tie–shaped, sometimes almost 
a fascia. No obvious groove alongside the raphe-
sternum. Raphe very slightly sinuous. Polar bars 

present, parallel or very slightly convergent.

rEMarKs: This deme is similar to S. pseudopupula 
in valve dimensions, valve shape and stria pattern. 
Type material (from Kassel, Germany) was studied by 
LangE-BErTaLoT et al. (1996), confirming KrassKE’s 
(1923) protologue, which gives dimensions of 26–40 
× 6–8 µm. However, the valves of the type popula-
tion illustrated by LangE-BErTaLoT et al. (1996, pl. 18, 
figs 35–37) have c. 24 striae in 10 µm, which is sig-
nificantly greater than in Φ ‘perfidy’. Another diatom 
with similar shape and stria pattern was illustrated by 
LangE-BErTaLoT & METzELTin (1996, pl. 81, fig. 20); 
this also has higher striation density (26 in 10 µm). 
wEruM & LangE-BErTaLoT (2004) illustrated four frus-
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tules identified as S. pseudopupula from spring com-
munities on Triassic sandstone in the Spessart moun-
tains, Germany (our samples were from a mesotrophic 
mire). Of the four specimens, one (pl. 31, fig. 26) is 
much smaller than Φ ‘perfidy’ (only 18 × 5 µm) and 
cannot be assigned to the same deme, but the other 
three (pl. 31, figs 27–29) agree well with Φ ‘perfidy’ 
in valve dimensions (25–31 × 6.5–7.25) and stria den-
sity (c. 21 in 10 µm). The narrow form (pl. 31, fig. 26) 
may be the same as specimens identified as “Sellap-
hora aff. pseudopupula” by METzELTin et al. (2005, 
pl. 65, figs 11–17). However, METzELTin et al. (2005) 
doubted whether their specimens could be conspecific 
with S. pseudopupula because of the ecological differ-
ences between the Río de la Plata, near Colonia del 
Sacramento, Uruguay – said to be “meso-eutrophic” 
– and the typical habitats of S. pseudopupula, which 
are said to be “strictly electrolyte-poor, moderately 
acidic, and oligotrophic waters” (ibid., p. 209). LEvKov 
et al. (2007) also record “S. pseudopupula”, but again 
there are significant discrepancies between their mate-
rial and the type, since the valves illustrated (pl. 107, 
figs 23, 24) have only c. 19 striae in 10 µm. ruMrich 
et al. (2000, pl. 68, fig. 18) illustrate a diatom from a 
stream on the Chilean Altiplano that they assign to S. 
pseudopupula, but the simple elliptical outline of this 
specimen agrees better with our Φ ‘upland elliptical’. 
A better fit to S. pseudopupula and Φ ‘perfidy’ is their 
fig. 20 (“Sellaphora spec. cf. pupula”) from a rill at 
4000 m altitude in Venezuela. Finally, schoEMan & 
archiBaLd (1976–1980, figs 66–74) have illustrated a 
deme from Lesotho that is reminiscent of Φ ‘perfidy’ 
in its linear outline and stria pattern. However, there is 
a clear difference between these demes in stria density 
(at c. 30 striae in 10 µm, the Lesotho specimens are 
more finely striated than any other [pupula] deme we 
have encountered) and in the poles, which are not ros-
trate but simply rounded in the Lesotho material. The 
‘pseudopupula group’ needs much further study.

Sellaphora [pupula K–LB] Φ ‘pointy’ (Fig. 29)
Valves rhombic-elliptical, becoming narrow el-
liptical, with rounded or subacute broadly rostrate 
poles, 19.5–33.5 × 6.5–7.0 µm. Striae radiate, 
straight or slightly curved, sometimes with a few 
intercalated short striae at the centre, 21.9– 23.5–
25.7 in 10 µm; areolae scarcely visible in LM. 
Axial area narrow. Central area strongly expanded 
(to 65–75% of the valve width), bow-tie–shaped. 
Perhaps with a shallow groove externally along-
side the raphe-sternum. Raphe very slightly sinu-
ous. Polar bars present, parallel.

Sellaphora pupula (Fig. 30)
Valves narrowly elliptical, with broadly rostrate 
poles (overall, the shape is therefore ‘lanceolate’), 
16–34 (35) × 6.0–7.75 µm. Striae radiate and ± 

straight near the centre, becoming parallel or 
slightly convergent close to the polar bars, with 
some intercalated short striae at the centre, (21.3) 
22.6–23.9–25.0 (25.6) in 10 µm; areolae invisible 
in LM. Axial area narrow. Central area strongly 
expanded (to 60–70% of the valve width), trans-
versely rectangular. No obvious groove alongside 
the raphe-sternum. Raphe very slightly sinuous. 
Polar bars present, parallel to slightly convergent.

rEMarKs: LEvKov et al. (2007, pl. 107, figs “20–21”, 
but three valves are shown) illustrate diatoms resem-
bling S. pupula in shape, dimensions and stria pattern, 
but the stria density is lower (c. 20–21 in 10 µm). Some 
other possible records are discussed by Mann (2001).

Sellaphora [pupula K–LB] Φ ‘mouse’ (Fig. 31)
Valves narrowly elliptical, with rostrate poles 
(overall, the shape is therefore ‘lanceolate’), 
22.5–35.5 × 6.75–7.75 µm. Striae radiate and 
slightly curved over most of the valve, sometimes 
angled and becoming parallel close to the polar 
bars, sometimes with a few intercalated short stri-
ae at the centre, 19.9–21.3–23.0 in 10 µm; areolae 
invisible in LM. Axial area very narrow. Central 
area expanded (to 50–70% of the valve width), 
transversely rectangular to ± elliptical. No obvi-
ous groove alongside the raphe-sternum. Raphe 
very slightly sinuous. Polar bars present, parallel 
to slightly convergent.

rEMarKs: METzELTin & LangE-BErTaLoT (2002, pl. 32, 
figs 7, 8) illustrate diatoms from the Zambesi River, 
Zimbabwe, that could be identified as Φ ‘mouse’. Φ 
‘mouse’ and S. pupula are separated principally by the 
narrower width of the poles and lower stria density in 
Φ ‘mouse’, but the two may intergrade.

Sellaphora [pupula K–LB] Φ ‘little’ (Fig. 32)
Valves narrowly elliptical with broadly rostrate 
poles, 21–28.5 × 7.0–7.25 µm. Striae curved, 
radiate, becoming parallel or convergent near 
the poles, with some intercalated short striae at 
the centre, 18.7–19.8–20.9 in 10 µm; areolae in-
visible in LM. Axial area very narrow. Central 
area strongly expanded (to 55–80% of the valve 
width), somewhat irregular, ± bow-tie–shaped. 
No obvious groove alongside the raphe-sternum. 
Raphe very slightly sinuous. Polar bars present, 
slightly convergent. dna BarcodE (cox1): Gen-
Bank EF164928.
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Fig. 31. Sellaphora [pupula K–LB] Φ ‘mouse’: Loch Leven; (a, c–e) slide E3690/3; (b, f–h) slide E3830/3. Scale bar = 10 
µm.

Fig. 28. Sellaphora [pupula K–LB] Φ ‘perfidy’: mire near Threipmuir Reservoir; (a–g) slide ‘NE Threipmuir Acrocladium ... 
sample 7, 2.4.81, slide 2’. Scale bar = 10 µm.
Fig. 29. Sellaphora [pupula K–LB] Φ ‘pointy’: Loch Tulla; (a–h) slide E3747/2. Scale bar = 10 µm.
Fig. 30. Sellaphora pupula: (a) Inverleith Pond, slide E319/2; (b–g) Blackford Pond, slide E16 ‘Stand’; (h) Dunsapie Loch, 
E3572. Scale bar = 10 µm.

Sellaphora pupula [K–LB] Φ ‘spindle’ (Fig. 
33)
Valves narrowly elliptical with rostrate (some-
times slightly capitate) poles, 20–29 × 6.25–8 µm. 
Striae straight or slightly curved, radiate, becom-
ing parallel and sometimes angled near the poles, 
with some intercalated short striae at the centre, 
18.9–20.7–21.7 in 10 µm; areolae invisible in 
LM (here and elsewhere in Sellaphora, striae can 
sometimes appear dotted when some areolae are 
missing: Fig. 33c). Axial area very narrow. Cen-
tral area very strongly expanded (to 70–80% of the 
valve width), ± well-defined, bow-tie–shaped. No 
obvious groove alongside the raphe-sternum. Ra-
phe very slightly sinuous. Polar bars present, par-
allel or slightly convergent (in long specimens). 
dna BarcodE (cox1): GenBank EF164951.

rEMarKs: Φ ‘spindle is similar to S. paenepupula 
(METzELTin & LangE-BErTaLoT 2002, p. 66, pl. 31, figs 
9–15) in shape and stria pattern but is slightly larger 
and more coarsely striated (c. 21, rather than 23–24 in 
10 µm). Sellaphora paenepupula was described from 
the River Ivato, Madagascar, and METzELTin & LangE-

BErTaLoT stated that they had not observed the species 
in other parts of the world.

Sellaphora auldreekie (Fig. 34)
Valves narrowly elliptical to elliptical with strong-
ly rostrate (sometimes slightly capitate) poles, (15) 
17.5–28 (35) × 6.5–7.75 (8) µm. Striae slightly 
curved, radiate, becoming parallel and sometimes 
angled near the poles, with some intercalated short 
striae at the centre, (19) 20.5–21.7–23.5 (24) in 10 
µm; areolae invisible in LM. Axial area very nar-
row. Central area strongly expanded (to 60–70% of 
the valve width), ± well-defined, bow-tie–shaped. 
No obvious groove alongside the raphe-sternum. 
Raphe ± straight. Polar bars present, parallel or 
slightly convergent (in long specimens). dna 
BarcodE (cox1): GenBank EF164932.

rEMarKs: Like Φ ‘spindle, S. auldreekie resembles S. 
paenepupula (METzELTin & LangE-BErTaLoT 2002, p. 
66, pl. 31, figs 9–15), but it differs in having narrower 
and more rounded poles. It is usually more coarsely 
striated and the larger type specimens of S. paenepu-
pula illustrated by METzELTin & LangE-BErTaLoT (their 
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figs 13–15) are almost parallel-sided at the centre (con-
trast our Fig. 34). More similar to S. auldreekie than 
the type specimens of S. paenepupula are three valves 
identified as S. paenepupula from the Río de la Plata 
near Colonia del Sacramento, Uruguay (METzELTin et 
al. 2005, pl. 64, figs 28–30); the poles are of ± equal 
size and the central area is a wide ‘bow-tie’. Sellaphora 
rostrata, based on husTEdT’s (1911) var. rostrata from 
near Bremerhaven and typified by siMonsEn (1987, pl. 
5, figs 5–7), is a narrower diatom with a transversely 
rectangular central area. However, the distinctions be-
tween S. rostrata, S. auldreekie, and the even smaller 
and more finely striated Φ ‘tiny’ need further study.

Sellaphora [pupula K–LB] Φ ‘tiny’ (Fig. 35)
Valves narrowly elliptical to elliptical with strong-
ly rostrate (sometimes slightly capitate) poles, 
12.5–23 × 5.5–6.75 µm. Striae slightly curved, 
radiate, becoming parallel and sometimes angled 
near the poles, with some intercalated short striae 
at the centre, 22.5–23.9–25.7 in 10 µm; areolae 
invisible in LM. Axial area very narrow. Central 
area expanded (to 55–65% of the valve width), 
somewhat irregular, ± bow-tie–shaped to trans-
versely rectangular. Raphe-sternum possibly bor-
dered by a shallow groove. Raphe straight. Polar 
bars present, parallel or slightly convergent (in 
long specimens).

rEMarKs: See comments under S. auldreekie.

Sellaphora [pupula K–LB] Φ ‘urban elliptical’ 
(Fig. 36)
Valves linear-elliptical, with slightly rostrate 
poles, 20.5–47 × 6.75–9.0 µm. Striae straight, ra-
diate to almost parallel centrally, becoming paral-
lel or slightly curved near the poles, sometimes 
with a few intercalated short striae at the centre, 
18.5–20.4–21.5 in 10 µm; areolae visible in LM. 
Axial area narrow. Central area strongly expand-
ed (to 60–80% of the valve width), transversely 
rectangular. A shallow groove present externally 
alongside the raphe-sternum. Raphe slightly sinu-
ous. Polar bars present, parallel, sometimes slight-
ly radiate in longer specimens. dna BarcodE 
(cox1): GenBank EF164944.

rEMarKs: For this deme and the next, the names were 
chosen because of the valve shape, especially in cells 
towards the end of size reduction. No link is implied 
with either Navicula pupula var. elliptica (husTEdT 
1911, for which a type was selected and illustrated by 
siMonsEn 1987, pl. 5, figs 3, 4) or Sellaphora elliptica 
(MErEschKowsKy 1902).

Sellaphora [pupula K–LB] Φ ‘upland elliptical’ 
(Fig. 37)
Valves linear-elliptical to elliptical, with very 
slightly rostrate or evenly curved poles, 17–39.5  
× 6.5–8 µm. Striae straight, radiate to almost par-
allel centrally, becoming parallel near the poles, 
sometimes with a few intercalated short striae 
at the centre, 18.8–20.5–21.9 in 10 µm; areolae 
visible in LM. Axial area narrow. Central area 
expanded (to 50–75% of the valve width), trans-
versely rectangular. A shallow groove present 
externally alongside the raphe-sternum. Raphe 
slightly sinuous. Polar bars present, parallel. dna 
BarcodE (cox1): GenBank EF164952.

rEMarKs: Many records of ‘Navicula pupula var. ellip-
tica’ probably refer to this phenodeme, because of the 
drawings provided by husTEdT (1930, fig. 467d; 1961, 
fig. 1254h, as f. elliptica), but it does not correspond to 
the type selected by siMonsEn 1987, pl. 5, figs 3, 4).

Sellaphora [pupula K–LB] Φ ‘europa’ (Fig. 
38)
Valves linear-elliptical, with broad subcapitate to 
rostrate poles, 16–36.5 × 6.75–7.75 µm. Striae 
slightly radiate, straight or very slightly curved, 
with some intercalated short striae at the cen-
tre, 20.1–21.0–22.6 in 10 µm; areolae visible 
with difficulty in LM. Axial area narrow. Central 
area strongly expanded (to 60–80% of the valve 
width), somewhat irregular, ± bow-tie–shaped or 
transversely rectangular. Perhaps with a shallow 
groove externally alongside the raphe-sternum. 
Raphe slightly sinuous. Polar bars present, paral-
lel to slightly radiate. dna BarcodE (cox1): Gen-
Bank EF164955.

Sellaphora [pupula K–LB] Φ ‘small blunt-cap-
itate’ (Fig. 39)
Valves almost linear, becoming linear-elliptical, 
with broadly rostrate or subcapitate poles, 19–32.5  
× 6.25–7.25 µm. Striae slightly radiate, straight 
or slightly curved, usually with some intercalated 
short striae at the centre, 20.9–22.8–24.3 (Loch 
Maree) and 21.2–23.2–25.5 (Loch Achray) in 10 
µm; areolae scarcely visible in LM. Axial area 
narrow. Central area expanded (to 50–70% of the 
valve width), transversely rectangular to bow-tie–
shaped. Perhaps with a shallow groove externally 
alongside the raphe-sternum. Raphe slightly sinu-
ous. Polar bars present, parallel.

rEMarKs: Oligotrophic and dystrophic waters often 
contain small [pupula] specimens with c. 23 striae in 
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Fig. 32. Sellaphora [pupula K–LB] Φ ‘little’: Royal Botanic Garden Edinburgh pond; (a, g) slide E2614/3; (b, d–f) slide 
E2614/3; (c) slide E3699/2. Scale bar = 10 µm.

Fig. 33. Sellaphora pupula [K–LB] Φ ‘spindle’: Blackford Pond; (a–h) slide E2004/2; In (c), some striae appear punctate 
because of missing areolae. Scale bar = 10 µm.

Fig. 34. Sellaphora auldreekie: (a, f, h) Dunsapie Loch, slide E3572; (b–e, g) Blackford Pond, slide E2004/2. Scale bar = 10 
µm.
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10 µm that vary in shape from linear or linear-elliptical 
(like those shown here: Fig. 39) to linear-rhombic (like 
Φ ‘pointy’: Fig. 29) and may or may not have subcapi-
tate or rostrate poles.

Sellaphora [pupula K–LB] Φ ‘gross’ (Fig. 40)
Valves linear-elliptical, with broad, subcapitate 
poles (becoming rostrate in the smallest speci-
mens), 33–41.5 × 10.0–10.75 µm. Striae radiate 
and curved, becoming parallel towards the poles, 
with some intercalated short striae at the centre, 
17.8–19.0–20.4 in 10 µm; areolae invisible in 
LM. Axial area narrow. Central area expanded (to 
c. 55–65% of the valve width), somewhat irregu-
lar, transversely rectangular to bow-tie–shaped. 
Raphe-sternum well-defined, through develop-
ment of very prominent grooves alongside it ex-
ternally. Raphe sinuous. Polar bars present, paral-
lel or slightly radiate.

rEMarKs: This deme is very similar to illustrations of 
S. parapupula from the Mittersee, Austria, provided by 
LangE-BErTaLoT & METzELTin (1996, pl. 82, figs 1–3). 
Their specimens are longer than those recorded here, 
being 57.7 × 11.7, 53.4 × 11.7 and 41.4 × 11.0 µm, but 
the trend in valve width with length corresponds rea-
sonably well to that in our material. Sellaphora para-
pupula was based on the diatom originally described 
by husTEdT (1930) as Navicula pupula var. capitata 
husT., which was illegitimate because of the earlier 
var. capitata sKvorTzow & MEyEr (1928). siMonsEn’s 
(1987, pl. 194, figs 6, 7) illustration of the type of 
Navicula pupula var. capitata husT. shows a diatom 
very similar both to Φ ‘gross’ and S. parapupula sensu 
LangE-BErTaLoT & METzELTin (1996), but until fur-
ther information is available about variation within 
the type population husTEdT collected from Henriks-
berg, Finland (the type slide contains only two picked 
specimens), identification as S. parapupula can only 
be said to be ‘very likely’. METzELTin & LangE-BErTa-
LoT (2002, pl. 31, fig. 6) illustrated a further specimen 
(from Namorona, Madagascar) that they allocated to 
S. parapupula. This measures 64 × 12.6 µm (from the 
photograph) – somewhat wider than might be expected 
from variation within the Julma Ölkky material, and 
the striae appear more punctate; on the other hand, it 
possesses 19 striae in 10 µm like the other populations. 
No information is available about variation within the 

Madagascan material.

Sellaphora [pupula K–LB] Φ ‘large’ (Fig. 41)
Valves almost linear, becoming linear-ellipti-
cal, with subcapitate (in the longest specimens), 
broadly rostrate or smoothly rounded poles, 23.5–
49.5 × 8.75–9.75 µm. Striae radiate and almost 
straight over the whole valve, except near the 
poles, where they become curved and sometimes 
parallel, with a few intercalated short striae at the 
centre, 17.5–19.3–21.4 in 10 µm; areolae visible 
in LM. Axial area narrow. Central area strongly 
expanded (to c. 60–70% of the valve width), trans-
versely rectangular to bow-tie–shaped (in longer 
specimens). Raphe-sternum bordered externally 
by shallow grooves. Raphe slightly sinuous. Po-
lar bars present, parallel or slightly radiate. dna 
BarcodE (cox1): GenBank EF164945.

rEMarKs: Two valves with outline, stria pattern and 
stria density like that of Φ ‘large’, but perhaps slightly 
wider, were illustrated from a 19th century sample from 
“Lough End” (= Lochend Loch, Edinburgh: Table 3), 
by schoEMan & archiBaLd (1976–1980, figs 28, 29). 
We have looked for this diatom in new samples from 
Lochend, which now lies in a municipal park surround-
ed by houses, but it seems to have become locally ex-
tinct. There is no doubt that this phenodeme and the 
next are very similar indeed. However, the course of 
size reduction seems to differ in the two (Figs 41, 42) 
and Φ ‘large’ seems to be a less heavily silicified diatom 
(these two characters may be linked, since less flexibil-
ity of the girdle would constrain shape to remain more 
strictly linear, as in Φ ‘cf. large’).

Sellaphora [pupula K–LB] Φ ‘cf. large’ (Fig. 
42)
Valves linear, with broadly rostrate poles, 31–46 
× 8.5–9.5 µm. Striae radiate and curved over the 
whole valve, with a few intercalated short striae 
at the centre, 19.5–20.7–21.5 in 10 µm; areolae 
visible in LM. Axial area narrow. Central area ex-
panded (to c. 50–70% of the valve width), ± bow-
tie–shaped, sometimes transversely rectangular. 
Raphe-sternum bordered externally by promi-
nent grooves. Raphe slightly sinuous. Polar bars 

Fig. 35. Sellaphora [pupula K–LB] Φ ‘tiny’: Threipmuir Reservoir; (a, f–h) slide E2588/3; (b–e) slide ‘Threipmuir usual 
29.9.86 B’. Scale bar = 10 µm.
Fig. 36. Sellaphora [pupula K–LB] Φ ‘urban elliptical’: Blackford Pond; (a–c, e–g) slide E2004/2; (d) slide E3578/1. Scale 
bar = 10 µm.
Fig. 37. Sellaphora [pupula K–LB] Φ ‘upland elliptical’: Threipmuir Reservoir; (a, e) slide E2588/1; (b) slide ‘Threipmuir 
usual 29.9.86 B’; (c, d) slide ‘Threipmuir NE Basin sandy ... 11.6.86 A’; (f, g) slide ‘Threipmuir Marsh Basin usual 11.6.86 B 
(thin)’. Scale bar = 10 µm.
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present, parallel or slightly radiate.

rEMarKs: Three very similar, strictly linear valves 
from Lake Julma Ölkky, Finland, were illustrated by 
LangE-BErTaLoT & METzELTin (1996, pl. 25, figs 10–
12), who assigned them to “Sellaphora rectangula-
ris (Greg.) Lange-Bertalot & Metzeltin nov. comb.”. 
Their specimens measure 42.5 × 9.2, 46.4 × 9.7 and 
56.4 × 9.6 µm, with c. 19–21 striae in 10 µm. Other 
very similar specimens have been illustrated by MET-
zELTin & LangE-BErTaLoT (1998, pl. 85, fig. 9) from the 
Demerara River, Guyana, and by METzELTin & LangE-
BErTaLoT (2002, pl. 31, figs 4, 5) from Ivato, Madagas-
car. However, the basionym was originally published 
as Stauroneis rectangularis by grEgory (1854) and, 
although specimens from authenticated material were 
illustrated by schoEMan & archiBaLd (1976–1980) 
and were presumably referred to by LangE-BErTaLoT 
& METzELTin, these latter authors nevertheless noted 
(LangE-BErTaLoT & METzELTin 1996, p. 168; see also p. 
103) that “Die Identität dieser Sippe mit dem Typus des 
Basionyms ist nicht völlig zweifelsfrei”. We agree with 
them that the matter is unresolved. Unfortunately, au-
thenticated material we have examined from Gregory’s 
material (a Holocene diatomite on Mull, W Scotland) 
contains extremely few, poorly preserved specimens, 
as apparently did the slide of similar material studied 
by schoEMan & archiBaLd (1976–1980, figs 19–22). It 
will probably be necessary to add an epitype to estab-
lish the use of the name rectangularis.
LEvKov et al. (2007, pl. 107, fig. 25) illustrate a single 
valve identified as S. rectangularis from Lake Prespa. 
This valve is too narrow (7.5 µm) to be assigned to 
Φ ‘cf. large’ or Φ ‘large’ and its identity is unclear. A 
series of valves identified by METzELTin & LangE-BEr-
TaLoT (2007, pl. 157, figs 24–28) as “Sellaphora aff. 
rectangularis” document morphology and size reduc-
tion very well and show that assignment to the same 
phenodemes as Φ ‘cf. large’ or Φ ‘large’ is impossible. 
In fact, the specimens shown (from the Rio Tapajos, 
Brazil) have the same raphe-sternum structure as in the 
‘bacillum’ group, with grooves running alongside the 
raphe over its whole length, creating a small elliptical 
‘central nodule’ enclosing the central raphe endings. 
rEaviE & sMoL (1998) illustrate a valve they identify as 
“Navicula laevissima”, which seems to agree morpho-
logically with Φ ‘cf. large’; they recorded this diatom 
as occurring rarely in living and core material from the 
St Lawrence River, Canada. Other strictly linear speci-
mens from N America that resemble Φ ‘cf. large’, but 
are c. 1 µm narrower at any given length than in British 
material, have been illustrated from Massachusetts by 
schoEMan & archiBaLd (1976–1980, figs 24–27).

Sellaphora [pupula K–LB] Φ ‘dumbbell’ (Fig. 
43)
Valves almost linear, with broadly capitate or sub-
capitate poles, 32.5–46 × 8.75–9.25 µm. Striae 

radiate and curved, becoming parallel near the 
poles, with some intercalated short striae at the 
centre, 19.2–20.8–21.7 in 10 µm; areolae invisi-
ble in LM. Axial area narrow. Central area strong-
ly expanded (to c. 60–70% of the valve width), 
somewhat irregularly bow-tie–shaped. Shallow 
grooves apparently present externally alongside 
the raphe-sternum. Raphe sinuous. Polar bars 
present, radiate.

Sellaphora blackfordensis (Fig. 44)
Valves linear-elliptical, with broad, subcapitate 
poles (becoming rostrate in the smallest speci-
mens), 19–48 (57) × 8.0–9.75 µm. Striae radiate, 
curved, with some intercalated short striae at the 
centre, 17.8–19.6–20.7 in 10 µm; areolae invisible 
in LM. Axial area narrow. Central area expanded 
(to c. 55–65% of the valve width), somewhat ir-
regular, mostly bow-tie–shaped or transversely 
rectangular. Raphe-sternum often well-defined, 
through development of slight grooves alongside 
it externally. Raphe sinuous. Polar bars present, 
radiate or more rarely parallel. dna BarcodE 
(cox1): GenBank EF164948.

rEMarKs: Figured valves from Santa Fiora, Italy (sch-
oEMan & archiBaLd 1976–1980, figs 13, 14), and 
Falaise, France (Mann 2001, figs 17, 18) are probably 
of S. blackfordensis. Two further valves were illustrat-
ed by LangE-BErTaLoT & METzELTin (1996, pl. 82, figs 
4, 5, referred to “Morphotyp Nr. 5 Mittersee”) and said 
to be synonymous with Blackford Pond deme ‘rectan-
gular’ sensu Mann (1989b), which was described for-
mally as S. blackfordensis by Mann et al. (2004). The 
valves shown by LangE-BErTaLoT & METzELTin have 
the right stria density (c. 19 in 10 µm) for S. black-
fordensis and their shape and the strikingly sinuous ra-
phe system are also appropriate for this species. How-
ever, the two valves measure 45.7 × 10.5 and 43.4 × 
10.3 and we have not found valves as wide as this in S. 
blackfordensis. LangE-BErTaLoT & METzELTin (1996, 
p. 282) suggest that “Dieser Morphotyp steht auch S. 
parapupula nahe (?identisch)” but it is inconceivable 
to us that the two valves of “Morphotyp 5” from the 
Mittersee, Austria, belong to the same phenodeme as 
the specimens of “S. parapupula” illustrated alongside 
them by LangE-BErTaLoT & METzELTin (1996, pl. 82, 
figs 1–3; see also remarks under [pupula] Φ ‘gross’). 
METzELTin et al. (2005, pp. 209–211) described a new 
species S. rhombicarea, from the Río Cebollatii, Uru-
guay, which resembles S. blackfordensis but is some-
what larger and generally has a rhombic central area, 
rather than the transversely rectangular or bow-tie–
shaped area usually found in S. blackfordensis. There 
is some confusion about which of METzELTin et al.’s 
figures show S. rhombicarea: the text states that pl. 66, 

54                                                                            Mann et al.: Revision of the diatom genus Sellaphora



Fig. 38. Sellaphora [pupula K–LB] Φ ‘europa’: Priest Pot; (a, e) slide E3683/2; (b–d, f, g) slide E3683/1. Scale bar = 10 µm.

Fig. 39. Sellaphora [pupula K–LB] Φ ‘small blunt-capitate’: (a–h) Loch Maree, slide 2749.1; (i–p) Loch Achray, slide E3585/1. 
Scale bar = 10 µm.
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Fig. 40. Sellaphora [pupula K–LB] Φ ‘gross’: Threipmuir Reservoir; (a, c) slide ‘Threipmuir Marsh Basin usual 11.6.86 B 
(thin)’; (b, d–f) slide E2588/3. Scale bar = 10 µm.

Fig. 41. Sellaphora [pupula K–LB] Φ ‘large’: Threipmuir Reservoir; (a, b, d, e) ‘Threipmuir NE Basin sandy ... 11.6.86 A’; (c, 
f) ‘Threipmuir Middle Basin NW end/coffer dam 11.6.86 C’. Scale bar = 10 µm.
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Fig. 42. Sellaphora [pupula K–LB] Φ ‘cf. large’: Loch Maree; (a, c, d) slide E2763.1; (b, e, f) slide E2749.1. Scale bar = 10 
µm.

Fig. 43. Sellaphora [pupula K–LB] Φ ‘dumbbell’: (a, d) Heart Moss, slide E424/2; (b, c) Heart Moss, slide E423/1; (e) Loch 
of Craiglush, slide E323/2; (f) Loch of Butterstone, slide E327/3. Scale bar = 10 µm.
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Fig. 44. Sellaphora blackfordensis: Blackford Pond; (a–f) slide E3667/2; (g) slide ‘Blackford Pond 18.12.86 thin 1’. In (a), 
some striae appear punctate because of missing areolae. Scale bar = 10 µm.
Fig. 45. Sellaphora [pupula K–LB] Φ ‘pseudocapitate’: Threipmuir Reservoir; (a, b, e) slide ‘Threipmuir Marsh Basin usual 
11.6.86 B (thin)’; (c, d, f, g) slide ‘Threipmuir Middle Basin NW end/coffer dam 11.6.86 C’. Scale bar = 10 µm.
Fig. 46. Sellaphora [pupula K–LB] Φ ‘cf. capitate’: Threipmuir Reservoir; (a, b, g) slide ‘Threipmuir Marsh Basin usual 
11.6.86 B (thin)’; (c, d, f) ‘Threipmuir Middle Basin NW end/coffer dam 11.6.86 C’; (e) ‘Threipmuir NE Basin sandy ... 11.6.86 
A’. Scale bar = 10 µm.

figs 1–17 all show S. rhombicarea, whereas the figure 
legends restrict S. rhombicarea to figs 4–17. However, 
since figs 1–3 show diatoms that clearly differ from the 
remainder in raphe structure and valve outline (even 
though figs 2 and 3 do not, as claimed, show S. laevis-
sima, since the diatoms shown possess polar bars; the 
same error occurs in pl. 65, figs 20–32, and in METzEL-
Tin & garcía-rodríguEz 2003), it must be the legends 
that are correct.

Sellaphora [pupula K–LB] Φ ‘pseudocapitate’ 
(Fig. 45)
Valves linear-elliptical, with broad, subcapitate 
poles (becoming rostrate in the smallest speci-
mens), 20–33 × 7.25–8.5 µm. Striae radiate, 
straight to slightly curved, with some interca-
lated short striae at the centre, 20.7–22.0–23.9 in 
10 µm; areolae invisible in LM. Axial area very 
narrow. Central area expanded (to 50–70% of the 
valve width), somewhat irregular, bow-tie–shaped 
or transversely rectangular. A groove is apparent-
ly present externally alongside the raphe-sternum. 
Raphe slightly sinuous. Polar bars present, paral-
lel to radiate.

rEMarKs: It is very difficult to separate this morpho-
logically from Φ cf. capitate, but molecular data (Evans 
et al. 2007, 2008) indicate that they are separate. They 
may be distinguishable by the greater width of the 
valve and poles in Φ ‘pseudocapitate’ but the ranges of 
variation seem to overlap.

Sellaphora [pupula K–LB] Φ ‘cf. capitate’ (Fig. 
46)
Valves linear-elliptical, with broad, subcapitate 
poles (becoming rostrate in the smallest speci-
mens), 18.5–41.5 × 6.5–7.75 µm. Striae radiate, 
curved to straight, with some intercalated short 
striae at the centre, 21.5–22.7–23.5 in 10 µm; 
areolae invisible in LM. Axial area very nar-
row. Central area expanded (to c. 50–70% of the 
valve width), somewhat irregular, mostly bow-
tie–shaped or transversely rectangular, but occa-
sionally transversely elliptical. Shallow grooves 
apparently present externally alongside the ra-
phe-sternum. Raphe slightly sinuous. Polar bars 
present, parallel to radiate. dna BarcodE (cox1): 

GenBank EF164937.

Sellaphora capitata (Fig. 47)
Valves linear-elliptical, with broad, subcapitate 
poles (capitate in the largest specimens), 19–35 
(44) × 7–8.25 (9.3) µm. Striae radiate, curved 
and usually angled near the poles, with some 
intercalated short striae at the centre, (16) 18.2– 
19.3–20.5 (22) in 10 µm; areolae invisible in LM. 
Axial area narrow. Central area expanded (to c. 
55–70% of the valve width), somewhat irregular, 
mostly bow-tie–shaped or transversely rectangu-
lar. No obvious groove alongside the raphe-ster-
num. Raphe slightly sinuous. Polar bars present, 
usually parallel. dna BarcodE (cox1): GenBank 
EF164947.

rEMarKs: METzELTin & LangE-BErTaLoT (2002, pl. 31, 
figs 19–22) compare four specimens from Ivato, Mada-
gascar, to “phenodeme 3 sensu D.G. Mann 1984”, 
which became S. blackfordensis. However, a better 
match, at least for the specimen shown in their fig. 20, 
would be S. capitata, with which it agrees in dimen-
sions, shape, stria pattern and stria density (compare 
with our Fig. 47d, e).

Sellaphora [pupula K–LB] Φ ‘caput’ (Fig. 48)
Valves linear-elliptical, with broad, capitate poles 
(becoming subcapitate or rostrate in the smallest 
specimens), 18–38 × 6.25–7.25 µm. Striae radiate, 
slightly curved, with some intercalated short stri-
ae at the centre, 22.6–24.7–26.0 in 10 µm; areolae 
invisible in LM. Axial area very narrow. Central 
area strongly expanded (to 60–70% of the valve 
width), somewhat irregular, transversely rectan-
gular to ± bow-tie–shaped. Perhaps with shallow 
grooves externally alongside the raphe-sternum. 
Raphe slightly sinuous. Polar bars present, paral-
lel to slightly radiate.

Sellaphora [pupula K–LB] Φ ‘small capitate’ 
(Fig. 49)
Valves linear-elliptical, with broad, capitate poles 
(becoming subcapitate or rostrate in the smallest 
specimens), 18.5–27 × 5.5–6.5 µm. Striae radi-
ate, slightly curved, with some intercalated short 
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Fig. 47. Sellaphora capitata. (a) Blackford Pond, slide E3667/2. (b–g) Dunsapie Loch, slide E3572. Scale bar = 10 µm.

Fig. 48. Sellaphora [pupula K–LB] Φ ‘caput’. (a–d) Loch Tulla, slide E297. (e–g) Loch Achray, slide E3585/1. Scale bar = 10 
µm.
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Fig. 49. Sellaphora [pupula K–LB] Φ ‘small capitate’: Dunsapie Loch; (a–f, h, i) slide E4109/2; (g) slide E3572. Scale bar = 
10 µm.

striae at the centre, 22.8–25.0–27.3 in 10 µm; are-
olae invisible in LM. Axial area narrow. Central 
area strongly expanded (to 60–85% of the valve 
width), somewhat irregular, ± bow-tie–shaped. 
Perhaps with shallow grooves externally along-
side the raphe-sternum. Raphe very slightly sinu-
ous. Polar bars present, parallel to radiate. dna 
BarcodE (cox1): GenBank EF164936.

rEMarKs: Many small capitate and subcapitate exam-
ples of the ‘pupula’ group have been illustrated in the 
literature but few can be reconciled with any confidence 
with any of our phenodemes. However, the lectotype 
of Navicula pupula var. subcapitata husT. selected by 
siMonsEn (1987, p. 21 and pl. 5, fig. 8) agrees well with 
Φ ‘small capitate’ (better indeed than with husTEdT’s 
original illustrations of var. subcapitata! see husTEdT 
1911, pl. 3, figs 38, 41).

laevissima group

Sellaphora [laevissima K–LB] Φ ‘heart’ (Fig. 
50)
Valves linear, with margins very slightly bowed 
outwards towards the centre and very slightly 
acute but rounded poles that are subcapitate or 
somewhat abruptly set off from the lateral mar-
gins, 33–48.5 × 9.25–10.5 µm. Striae curved and 
slightly radiate centrally, becoming more strongly 
radiate and often angled near the poles, sometimes 
with a few intercalated short striae at the centre, 
15.5–16.3–17.2 in 10 µm; areolae visible in LM. 
Axial area narrow, occupying c. 15% of the valve 
width. Central area expanded (to 50–65% of the 
valve width), often ill-defined, transversely ellip-
tical to transversely rectangular. Raphe-sternum 
usually well-defined because of adjoining grooves 
on either side that are continuous across the cen-
tre, expanded into a narrowly elliptical ‘central 
nodule’ surrounding the central raphe endings. 
Raphe sinuous. Polar bars absent.

rEMarKs: Probably the same as the single valve from 
the Mittersee, Austria, illustrated by LangE-BErTaLoT 
& METzELTin (1996, pl. 81, fig. 15) as “Sellaphora lae-
vissima (Kütz.) Mann”. See also under [laevissima] Φ 
‘normal’.

Sellaphora [laevissima K–LB] Φ ‘normal’ (Fig. 
51)
Valves linear, with margins very slightly bowed 
outwards towards the centre and rounded poles 

that are slightly subcapitate or broadly rostrate, 
23–49 × 7.0–8.5 µm. Striae straight or curved 
and slightly radiate, occasionally angled near the 
poles, 17.3–19.4–19.8 in 10 µm; areolae scarcely 
or not visible in LM. Axial area narrow, occupy-
ing c. 15% of the valve width. Central area ex-
panded (to 50–60%, sometimes 80% of the valve 
width), often ill-defined, transversely elliptical to 
transversely rectangular. Raphe-sternum bordered 
by a shallow groove externally. Raphe sinuous. 
Polar bars absent.

rEMarKs: LangE-BErTaLoT et al. (2003) have desig-
nated schoEMan & archiBaLd’s (1976–1980) fig. 10 
as a second-stage lectotype for S. laevissima, because 
the original material of the species, from Santa Fiora, 
Italy, is demonstrably heterogeneous. Of the [laevis-
sima] demes documented here, Φ ‘normal’ seems the 
closest to the lectotype illustration, which is c. 8.5 µm 
wide with c. 18.5 striae in 10 µm. However, the type 
material also contains wider specimens (9.5–10.5 µm) 
with 15–17 striae in 10 µm that are more similar to Φ 
‘heart’ (LangE-BErTaLoT et al. 2003, pl. 23, figs 1–3) 
and strictly linear specimens (c. 8.5 µm wide) with 
simply rounded poles and c. 14 striae in 10 µm that can 
be assigned to Φ ‘very coarse’ (schoEMan & archiBaLd 
1976–1980, fig. 5).

Sellaphora [laevissima K–LB] Φ ‘small’ (Fig. 
52)
Valves linear, with margins very slightly bowed 
outwards towards the centre and rounded poles 
that are slightly subcapitate or broadly rostrate, 
21.5–28 × 6.75–7.25 µm. Striae straight or curved 
and slightly radiate, often angled near the poles, 
18.3–19.4–20.9 in 10 µm; areolae invisible in 
LM. Axial area very narrow, occupying c. 10% of 
the valve width. Central area expanded (to c. 50% 
of the valve width), ill-defined, ± transversely rec-
tangular. Raphe-sternum well-defined because of 
adjoining grooves on either side that are continu-
ous across the centre, expanded into a narrowly 
elliptical ‘central nodule’ surrounding the central 
raphe endings. Raphe slightly sinuous. Polar bars 
absent.

Sellaphora [laevissima K–LB] Φ ‘very coarse’ 
(Fig. 53)
Valves strictly linear, with rounded poles, 22.5–43 
× 8.0–9.25 µm. Striae straight or slightly curved, 
parallel to slightly radiate, becoming more radi-
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Fig. 50. Sellaphora [laevissima K–LB] Φ ‘heart’: Heart Moss; (a–f) slide E424/2. Scale bar = 10 µm.

Fig. 51. Sellaphora [laevissima K–LB] Φ ‘normal’: Royal Botanic Garden Edinburgh, pond; (a–g) slide E2614/2. Scale bar = 
10 µm.
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Fig. 52. Sellaphora [laevissima K–LB] Φ ‘small’: Lake of Menteith; (a–g) slide E3588/2. Scale bar = 10 µm.

Fig. 53. Sellaphora [laevissima K–LB] Φ ‘very coarse’: (a, c) Loch of Butterstone, slide E3673/1; (b) Loch of Clunie, slide 
E3671/2; (d–f) Loch of Clunie, slide E328/3. Scale bar = 10 µm.

raphe endings. Raphe sinuous or slightly sinuous. 
Polar bars absent.
rEMarKs: see comments under Φ ‘normal’.

Sellaphora [laevissima K–LB] Φ ‘perhibita’ 
(Fig. 54)
Valves strictly linear, with slightly rostrate or 
rounded poles, 28–52 × 7.5–9.0 µm. Striae 
curved, slightly radiate at the centre, becoming 

ate and occasionally angled near the poles, 13.8– 
14.9–16.3 in 10 µm; areolae clearly visible in 
LM. Axial area narrow, occupying c. 15% of the 
valve width. Central area expanded (to 45–60% 
of the valve width), transversely rectangular to el-
liptical. Raphe-sternum well-defined because of 
adjoining grooves on either side that are continu-
ous across the centre, expanded into a narrowly 
elliptical ‘central nodule’ surrounding the central 
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more strongly radiate near the poles, sometimes 
with a few intercalated short striae at the centre, 
17.7–18.5–19.2 in 10 µm; areolae clearly visible 
in LM. Axial area occupying 15–20% of the valve 
width, widening away from the centre and poles. 
Central area expanded (to 50–55% of the valve 
width), transversely elliptical. Raphe-sternum 
well-defined because of adjoining grooves on 
either side that are continuous across the centre, 
expanded into an elliptical ‘central nodule’ sur-
rounding the central raphe endings. Raphe sinu-
ous. Polar bars absent.

rEMarKs: Our material agrees well with the type mate-
rial of Navicula perhibita husT. illustrated by siMonsEn 
(1987, pl. 545, figs 1–4), except that external grooves 
bordering the raphe sternum (clearly visible in our Fig. 
54a, b, d, e, g) are not obvious in siMonsEn’s figures 
(which are, as usual, of excellent quality). husTEdT 
(1950, p. 401) described N. perhibita from mosses on 
the east shore of the Borgsee, N Germany; our material 
was obtained by squeezing Acrocladium moss from 
a mesotrophic mire near Edinburgh. The species was 

made a variety of N. laevissima by LangE-BErTaLoT (in 
KraMMEr & LangE-BErTaLoT 1985, p. 77) but it has 
not yet been formally transferred to Sellaphora at any 
rank. KraMMEr & LangE-BErTaLoT (1986, p. 189; see 
also husTEdT 1962, p. 291) note that “Neben jeder Zen-
tralpore erscheinen je zwei kleine ‘Punkte’, die bei ho-
hem Fokus hell, bei tiefem Fokus dunkel erscheinen” 
and they can be seen both in siMonsEn’s figures of type 
specimens and in our illustrations (Fig. 54). It is un-
clear what causes them.

Sellaphora [cf. laevissima K–LB] Φ ‘barless 
capitate’ (Fig. 55)
Valves almost linear, with capitate poles, 28–37.5  
× 7.0–7.5 µm. Striae curved and radiate through-
out, with some intercalated short striae at the cen-
tre, 19.9–20.4–21.2 in 10 µm; areolae invisible in 
LM. Axial area narrow, occupying c. 15% of the 
valve width. Central area expanded (to 55–65% of 
the valve width), transversely rectangular to ellip-
tical. No obvious groove alongside the raphe-ster-
num. Raphe slightly sinuous. Polar bars absent.

Fig. 54. Sellaphora [laevissima K–LB] Φ ‘perhibita’: mire near Threipmuir Reservoir; (a–g) slide ‘NE Threipmuir Acrocladium 
... sample 7, 2.4.81, slide 2’. Scale bar = 10 µm.
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Fig. 56. Sellaphora [cf. laevissima K–LB] Φ ‘mini-barless capitate’: (a, b, e) Kates Cottage Pond, Sturston, slide ‘8 Aug 86’; 
(c, d) Balgavies Loch, slide E2619/1. Few specimens were found but even these were heterogeneous with respect to striation 
density, dimensions, and the width of the raphe sternum (coarser, wider specimens are placed on the left). Scale bar = 10 µm.

rEMarKs: We suspect that this diatom and the next have 
often been seen previously but recorded as ‘Navicula. 
pupula var. capitata’, because the absence of polar bars 
was overlooked.

Sellaphora [cf. laevissima K–LB] Φ ‘mini-bar-
less capitate’ (Fig. 56)
Valves almost linear, with capitate poles, 24–28 × 
5.75–6.75 µm. Striae curved and radiate through-

out, with some intercalated short striae at the cen-
tre, 20.2–22.5–26.0 in 10 µm; areolae invisible in 
LM. Axial area narrow, occupying c. 15% of the 
valve width. Central area expanded (to 55–65% of 
the valve width), transversely rectangular to ellip-
tical. No obvious groove alongside the raphe-ster-
num. Raphe slightly sinuous. Polar bars absent.

Fig. 55. Sellaphora [cf. laevissima K–LB] Φ ‘barless capitate’: Rae Loch; (a–g) slide E3672/1. Scale bar = 10 µm.
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Discussion

Status of the demes. Among the demes dis-
tinguished here, only the six species studied by 
Mann et al. (2004) – S. auldreekie, S. black-
fordensis, S. capitata, S. lanceolata, S. pupula, 
and S. obesa – have been subjected to morpho-
metric analysis, and then only from one well-
studied locality (Blackford Pond, Scotland). For 
these six, information is also available on valve 
ultrastructure, reproductive biology and isolation 
(Mann 1984, Mann et al. 1999, 2004), and for 
all except S. obesa we have molecular data from 
three genes from three different genomes that are 
consistent with the hypothesis that the six species 
are distinct and distantly related (BEhnKE et al. 
2004, Evans et al. 2007, 2008, and unpublished). 
Published molecular data are also available for 
[bacillum] Φ ‘rectangular’, [pupula] Φs ‘small 
lanceolate’, ‘little’, ‘spindle’, ‘upland elliptical’, 
‘urban elliptical’, ‘europa’, ‘small blunt-capitate’, 
‘large’, ‘pseudocapitate’, ‘cf. capitate’ and ‘small 
capitate’, and two demes of [laevissima] (Evans et 
al. 2007, 2008). However, sampling for molecular 
analysis is still too meagre and patchy to allow 
us to test fully the subjective, morphology-based 
classification of British Sellaphora that we have 
given here and it will probably be several years 
before enough isolates of all the demes are avail-
able.

In 1963, ross said that “when a large 
number of populations [of S. pupula] are exam-
ined … the various forms are found so to inter-
grade that there seems little justification for the 
taxonomic recognition of them at any level”. As 
we worked through more samples for this paper, 
we became ever more sympathetic to the first part 
of ross’s comment because demes do often ap-
pear to intergrade, even though our mating ex-
periments and molecular analyses have already 
indicated that ross was wrong with respect to the 
interpretation of the variation pattern: taxonomic 
recognition is often necessary.

For example, our original detailed stud-
ies of Blackford Pond revealed the existence of 
a deme that we later recognized formally as S. 
auldreekie (Mann et al. 2004) and it was not usu-
ally difficult to separate S. auldreekie from other 
lanceolate [pupula] demes – such as S. lanceo-
lata (Fig. 17), S. obesa (Fig. 20) and S. pupula 
(Fig. 30) – that grow alongside it in Blackford 
Pond and in other highly eutrophic lakes in Ed-
inburgh. Subsequent studies, however, revealed 

three other small-celled demes – ‘little’, ‘spindle’ 
and ‘tiny’ – that have a similar elliptical shape and 
rostrate poles, and similar bow-tie–like central 
areas. These three differ a little from each other 
and from S. auldreekie in valve width and stria-
tion density, each being slightly larger and more 
coarsely striated than the next in the series; the 
easiest way to tell them apart is by the width of 
the rostrate ends, which varies from more than 4 
µm in ‘little’ to 3 µm in ‘tiny’ (Figs 32–35). De-
spite their morphological similarity, however, 
molecular data (Evans et al. 2007, 2008) suggest 
not only that these demes are distinct genetically 
but also that the relationship between {‘spindle’ 
+ ‘little’} and S. auldreekie is very distant (they 
seem to have diverged from each other millions of 
years ago). Although this is gratifying in showing 
that subtle differences in shape and size seem to 
have the significance we suggested in some earlier 
publications (e.g. Mann 1988a, Mann & droop 
1996, Mann & chEpurnov 2005), the practical ef-
fect of the discovery of ‘spindle’ and ‘little’ has 
been to make identification much more difficult, 
by narrowing the perceived morphological gaps 
between S. auldreekie and other demes with lan-
ceolate valves.

Likewise, if all that was available to us 
were the populations of S. obesa from Blackford 
Pond (Fig. 20) and the ‘corpulent’ deme from 
Little Water (Fig. 18), it would be easy to con-
clude that two distinct species are present. How-
ever, better sampling has revealed a spectrum of 
‘obese’ variants, from ‘corpulent’ to ‘mini-obese’. 
These variants may or may not be separate spe-
cies. In such cases, it seems best to adopt the pre-
cautionary principle that, if in doubt, it is better to 
separate than to merge, because dependent data 
can always be combined if a taxonomy proves to 
be too fine-grained, but never separated if it is too 
coarse. However, recognizing the members of the 
‘obese’ series formally is premature.

Thus we frankly admit that, despite the 
wealth of images and supplementary data avail-
able to us, we are not sure that all of the dis-
tinctions we make here are valid and it is partly 
because of this that we do not make any formal 
taxonomic changes. The other reason is that we 
cannot yet provide molecular barcodes for all of 
the demes (see below). Particularly problematic 
morphological distinctions are those separating 
several of the S. [bacillum] phenodemes; those in 
the S. [pupula] phenodeme groups of ‘corpulent’–
‘cf. corpulent’–obesa–‘meso-obese’–mini-obese, 
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pupula–‘mouse’, auldreekie–‘tiny’, ‘dumbbell’–
blackfordensis, ‘small blunt-capitate’–‘pointy’ 
and ‘large’–‘cf. large’; and those differentiating 
[laevissima] ‘normal’ and ‘small’. Some demes 
may prove to be almost arbitrary segments from 
a continuum of genotypic or purely phenotypic 
variation; others may represent infrequent hy-
brid populations. Some of the problematic deme 
groups may consist of several separate biologi-
cal species that partially or completely overlap in 
their morphological variation (i.e. semicryptic or 
fully cryptic species); others again may be quite 
separate but simply difficult to distinguish (pseu-
docryptic species), as apparently in the ‘little’–
‘spindle’–auldreekie series.

But even if some of the demes prove not 
to be worth taxonomic recognition at any level, 
distinguishing them now is useful in pointing out 
and labelling aspects of the variation pattern that 
require further study: our survey is a staging post 
on the way to a classification, not a final solution, 
and is intended to stimulate new studies, especial-
ly where problematic entities occur together in the 
same localities. For example, [pupula] Φ ‘pseu-
docapitate’ and Φ ‘cf. capitate’ (which are appar-
ently distinct and not even sister taxa according 
to molecular data for three genes: Evans et al. 
2007, 2008) co-exist in Threipmuir Reservoir and 
apparently also in the Loch of Clunie; these are 
probably the best places to start looking at wheth-
er the two can be separated morphologically and 
whether there is any interbreeding between them. 
Within S. [bacillum], there are fewer characters to 
use at the LM level than in S. [pupula], because 
of the simplicity of the central area and valve out-
line. Overall, [bacillum] Φ ‘gibbous’ seems well 
defined, and [bacillum] Φ ‘button’ is easily rec-
ognized by the combination of ± rectangular out-
line, dense striation and a distinctive, button-like 
central area. However, Φs ‘oval’, ’butter’, ‘but-
termax’ and ‘radiate’ seem to intergrade and in 
some cases it is difficult to separate Φ ‘oval’ from 
Φ ‘rectangular’. In this complex, traditional tax-
onomy ‘by eye’ is simply inadequate. Molecular 
data are needed, and intensive morphometric and 
mating studies of [bacillum]-rich sites, e.g. Mal-
ham Tarn, Loch Leven, the Loch of Butterstone 
and some of the Shropshire meres (Table 4) will 
also be helpful.

Implications for traditional taxonomic prac-
tice. Our survey demonstrates that, in Sellaphora, 
there are considerable difficulties in using the tra-

ditional methods for delineating and identifying 
diatom species, in which comparisons of shape 
and pattern are made ‘visually’. This is still the 
approach adopted by almost all those who docu-
ment the species diversity of diatoms, as can be 
confirmed by examining any volume of Icono-
graphia diatomologica or Diatom Research. Two 
questions arise: (1) are these groups of species 
unusual among diatoms? (2) are there alterna-
tive approaches, that will provide less ambiguous 
results? In relation to (2), it is important not to 
overemphasize the difficulties – some of the Sell-
aphora demes are so clearly separated from any 
other that taxonomic recognition is unlikely to be 
controversial. Examples are [pupula] Φ ‘lordly’ 
and [laevissima] Φ ‘perhibita’ and several of the 
larger species described recently in Iconographia 
diatomologica. However, we doubt whether iden-
tifications based solely on LM morphology will 
ever be fully reliable within Sellaphora, espe-
cially among the demes that would formerly have 
been grouped together as ‘Navicula pupula var. 
capitata’ (Table 6). It will be interesting to exam-
ine whether ultrastructure can help discriminate 
between the demes, but we are not optimistic 
about the outcome. EM data (e.g. schoEMan & 
archiBaLd 1976–80, Mann et al. 2004, METzEL-
Tin et al. 2005, LEvKov et al. 2007) have added 
remarkably little extra information so far in Sella-
phora, except to clarify the true nature of features 
visible in LM. For example, SEM shows that the 
dark lines that border the raphe in ‘small lanceo-
late, ‘grooved lanceolate’ ‘spike’ and ‘lemon’ are 
narrow grooves covered by half-length conopea 
(e.g. LEvKov et al. 2007, pl. 106, fig. 20, and our 
unpublished observations). Elsewhere, however, 
SEM seems to add almost nothing to our under-
standing, although it does provide an extra met-
ric character – areola density – which is certainly 
variable in Sellaphora: for example, the ‘ellipti-
cal’ demes are noticeably more coarsely areolate, 
even in LM.

Given the severe limitations of LM- and 
EM-based taxonomy in Sellaphora, we advocate 
greater use of molecular methods in Sellaphora, 
both for phylogenetics and also for barcoding, 
which allows identifications to be checked quickly 
and inexpensively. We have taken a step towards 
standard barcodes here by citing a published cox1 
barcode sequence for each deme where we are 
confident that we have correctly linked one or 
more natural populations to a molecularly-char-
acterized clonal isolate. Like a type specimen, the 
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Table 4. Distribution of [bacillum, (bac)] and [laevissima, (lae)] demes among localities.
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Loch Maree
Loch Tulla
Loch Lubnaig
Loch Venachar
Loch Voil
Loch Achray
Lake of Menteith +
Balgavies Loch + + + + +
Loch of Craiglush
Loch of Butterstone + + + +
Loch of Drumellie + +
Loch of Clunie + + + +
Rae Loch + + +
Fingask Loch
Monk Myre +
Loch Leven + + + +
Blackford Pond + +
Dunsapie Loch + +
Lochend Loch + + +
Inverleith Pond +
Royal Botanic Garden Pond +
Mire, NE of Threipmuir Reservoir +
Threipmuir Reservoir + + +
Lindean Reservoir +
Heart Moss, mire pools +
Whinfell Tarn + +
Little Water +
Priest Pot +
Malham Tarn + + +
Budworth Mere +
Pick Mere +
Cole Mere + + + +
Crose Mere + +
Ellesmere + +
Hanmer Mere +
Oss Mere + +
White Mere +
Kates Cottage Pond, Sturston + + +
Burton Pond, Petworth + + + +
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nature. (2) Certain demes, such as S. auldreekie, 
S. capitata, S. blackfordensis and S. lanceolata, 
often co-occur without loss of identity. (3) Some 
demes appear to be restricted to acid oligotrophic 
to dystrophic habitats, such as [pupula] Φ ‘caput’ 
(in Lochs Maree, Tulla, Lubnaig, Venachar and 
Craiglush), whereas others are characteristic of 
more alkaline, eutrophic waters, e.g. S. auldreekie, 
S. blackfordensis and [pupula] Φ ‘mini-obese’ 
(e.g. in Ellesmere and Oss Mere: non-contempo-
rary water analyses for these lakes are available 
in the European Diatom Database at http://crat-
icula.ncl.ac.uk/Eddi/jsp/). (4). The ‘bacillum’ and 
‘laevissima’ groups seem to be absent or poorly 
represented in the most dilute, more acid habitats 
(the oligotrophic Lochs Maree, Tulla, Lubnaig, 
Venachar, Voil, Achray, Craiglush: paLMEr & roy 
2001), which broadly agrees with the ecological 
remarks given by KraMMEr & LangE-BErTaLoT 
(1986).

The frequent co-occurrence of several to 
many closely related and morphologically similar 
species is paradoxical, given conventional niche 
theory (cf. huTchinson 1961), and a combination 
of population genetics, ecological field data and 
laboratory experiments will be needed to deter-
mine to what extent Sellaphora floras develop 
through ‘niche assembly’ or ‘dispersal assembly’ 
(TiLMan 1982, huBBELL 2001).

For some of the demes, we have comment-
ed on possible published records outside the Brit-
ish Isles, based principally on micrographs in the 
Iconographia diatomologica volumes. Despite 
the high quality of these illustrations, it is rarely 
possible to be confident that the diatoms shown 
are truly equivalent to any of our demes, but in 
several cases (e.g. [pupula] Φs ‘lordly’, ‘grooved 
lanceolate’, ‘slender’) the morphological simi-
larity is convincing. It is noticeable that in most 
cases, the non-British records involve cool-tem-
perate N Hemisphere localities. There are almost 
no overlaps between the British Sellaphora com-
plement and the tropical or subtropical S Ameri-
can Sellaphora floras recorded by METzELTin & 
LangE-BErTaLoT (1998, 2007) and METzELTin et 
al. (2005).

Implications for recording and for biodiversity 
estimates. The diatoms of the British Isles have 
been studied intensively for more than 150 years, 
resulting in several floras (sMiTh 1853, 1856, 
hEndEy 1964, harTLEy et al. 1996), many taxo-
nomic and ecological papers containing species 

barcode does not circumscribe a deme or species; 
rather, it helps to determine what name is appli-
cable once a population or set of populations has 
been distinguished. However, molecular barcodes 
also have the advantage over type specimens that 
they are direct samples of the genotype and can 
be used immediately in preliminary estimates of 
genetic and phylogenetic relationships (e.g. Evans 
et al. 2007 and literature cited therein).

Is Sellaphora an unusually difficult genus? No 
satisfactory answer can yet be given to this ques-
tion. Sellaphora pupula sensu lato has long been 
known to be highly variable and, once information 
became available indicating that this variation had 
a genetic basis and was accompanied by barriers 
to interbreeding (Mann 1984, 1989b), it was clear 
that several or many species would almost cer-
tainly need to be separated from it. The process of 
formally recognizing [pupula] demes as new spe-
cies has already begun (Table 2) and will probably 
accelerate as the results of our survey are tested 
and further demes are discovered. However, it was 
not obvious to us before this survey that S. ameri-
cana, S. bacillum and S. laevissima are also heter-
ogeneous. Sellaphora americana and S. bacillum 
are single, undifferentiated species in KraMMEr & 
LangE-BErTaLoT’s (1986) flora, and S. laevissima 
is split only into var. laevissima and var. perhibita. 
All three species have now been shown to be much 
more complicated entities than seemed to be the 
case 20 years ago (Table 2 and this paper). Look-
ing outside Sellaphora, it seems that careful study 
of long-established diatom species usually reveals 
unexpected and significant diversity (e.g. Mann 
1999, LundhoLM et al. 2003, Mann & chEpurnov 
2005, sarno et al. 2005, Poulíčková & Mann 
2006, TroBaJo et al. 2006, aMaTo et al. 2007). 
Thus, although S. [pupula] is probably unusual in 
its complexity, we see no evidence overall that the 
genus Sellaphora is a special case.

Distribution and co-occurrence. Tables 4 and 5 
list where each deme was found during the study. 
No chemical analyses of the water column or 
sediments were made to accompany the epipelon 
samples and the ecological range of each deme 
remains to be determined. However, the Tables 
show several interesting features. (1) Most lakes 
contain several Sellaphora species, which appear 
to grow together in the same patches of epipelon, 
although our sampling methods would break up 
any centi- or decimetre–scale mosaic present in 
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records (the earlier ones are listed by harTLEy 
1986), and electronically stored data-sets from 
palaeoecological and ecological surveys (e.g. 
within the European Diatom Database). Given 
this activity, it is unlikely that many of the demes 
we illustrate here have not been seen before in 
British material: they have simply been identified 
under other names.

In a checklist of freshwater and marine dia-
toms, harTLEy (1986) lists 15 species, varieties 
and forms of medium- and large-sized Navicula 
that would now be regarded as belonging to Sell-
aphora and these are listed in Table 6. We have 
not found any diatoms similar to the type of S. 
bacilloides illustrated by siMonsEn (1987, pl. 509, 
figs 1–5). Nor have we been able to study material 
of S. gregoryana (previously Navicula bacillum 
var. gregoryana), although we have a photograph 
(taken by A.J. Stickle) of a live specimen of what 
appears to be S. gregoryana, which was collected 
from Loch Leven in the mid 1980s. Loch Leven 
is the locality from which grEgory provided the 
illustration (1856, pl. 1, fig. 4) of the slightly con-
stricted [bacillum] diatom that was used by cLEvE 
& grunow (1880, p. 44) as the basis for N. bacil-
lum var. gregoryana cLEvE & grunow. We made 
several new attempts in 2004–6 to collect material 
of S. gregoryana from Loch Leven but did not find 
it. The identities of N. bacillaris w. grEg. (grE-
gory 1856, p. 7, pl. 1, fig. 24) and N. bacillum 
var. lepida (w. grEg.) cLEvE (grEgory 1856, p. 
7, pl. 1, fig. 25, as N. lepida) are unclear. Navicula 
pupula var. aquaeductae (KrassKE) husT., listed 
by harTLEy, is now regarded as belonging to the 
genus Adlafia (MosEr et al. 1998).

Instead of harTLEy’s 15 species, varie-
ties and forms in 7 species (Table 6), we have 
distinguished 54 phenodemes. Even if we were 
to merge all those demes that might be regarded 
as problematic (see p. 44, top), our new total of 
larger Sellaphora OTUs would still be c. 40 and 
we remind readers that the current flora for central 
Europe (i.e. KraMMEr & LangE-BErTaLoT 1986, 
which tends to be used world-wide for identifi-
cation, because it is the only completed modern 
flora available) lists only 4 species. Furthermore, 
it is unlikely that our catalogue is complete, even 
for Britain, because (1) we were still occasionally 
finding new demes as we completed this study in 
November 2007; (2) we were unable to check all 
the records of Mann & droop (1996) and Tay-
Lor (1996); (3) we could not identify every valve 
photographed, because some were isolated indi-
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Table 6. Likely correspondence between older records of Sellaphora species according to the British checklist 
(harTLEy 1986) and the phenodemes described here. We assume that the names in harTLEy’s list were used in the 
sense applied by husTEdT (1930), except for N. bacillaris, Navicula bacillum var. lepida and N. perhibita which 
were not included. Before 1986, Navicula laevissima was called either N. bacilliformis or N. wittrockii by most 
authors.

Listing in Hartley (1986) Corresponding phenodemes

Navicula americana Sellaphora americana Φ ‘wide’
Sellaphora americana Φ ‘narrow’

Navicula bacillaris identity unclear

Navicula bacilloides not found in this study

Navicula bacillum

Sellaphora [bacillum] Φ ‘rectangular’
Sellaphora [bacillum] Φ ‘button’
Sellaphora [bacillum] Φ ‘oval’
Sellaphora [bacillum] Φ ‘buttermax’
Sellaphora [bacillum] Φ ‘butter’
Sellaphora [bacillum] Φ ‘radiate’
Sellaphora [bacillum] Φ ‘gibbous’

Navicula bacillum var. gregoryana not found in this study

Navicula bacillum var. lepida identity unclear

Navicula perhibita Sellaphora [laevissima] Φ ‘perhibita

Navicula pupula

? Sellaphora [pupula] Φ ‘lordly’
Sellaphora [pupula] Φ ‘grooved lanceolate’
Sellaphora [pupula] Φ ‘small lanceolate’, in part
Sellaphora lanceolata
Sellaphora [pupula] Φ ‘corpulent’
Sellaphora [pupula] Φ ‘cf. corpulent’
Sellaphora obesa
Sellaphora [pupula] Φ ‘meso-obese’
Sellaphora [pupula] Φ ‘mini-obese’
Sellaphora [pupula] Φ ‘wide tidy
Sellaphora [pupula] Φ ‘tidy’
Sellaphora [pupula] Φ ‘slender’
Sellaphora [pupula] Φ ‘refined’
Sellaphora [pupula] Φ ‘amor’
Sellaphora [pupula] Φ ‘pointy’
Sellaphora pupula
Sellaphora [pupula] Φ ‘mouse’
Sellaphora [pupula] Φ ‘perfidy’, in part
Sellaphora [pupula] Φ ‘little’
Sellaphora [pupula] Φ ‘spindle’, in part
Sellaphora auldreekie, in part
Sellaphora [pupula] Φ ‘tiny’, in part
Sellaphora [pupula] Φ ‘urban elliptical’, in part
Sellaphora [pupula] Φ ‘europa’
Sellaphora blackfordensis, in part
Sellaphora [pupula] Φ ‘pseudocapitate’, in part
Sellaphora [pupula] Φ ‘cf. capitate’, in part
Sellaphora [pupula] Φ ‘small blunt-capitate’, in part
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Navicula pupula fo. rostrata

Sellaphora [pupula] Φ ‘spike’
Sellaphora [pupula] Φ ‘small lanceolate’, in part
Sellaphora [pupula] Φ ‘lemon’
Sellaphora [pupula] Φ ‘spindle’, in part
Sellaphora auldreekie, in part
Sellaphora [pupula] Φ ‘tiny’, in part

Navicula pupula var. capitata

Sellaphora [pupula] Φ ‘gross’
Sellaphora [pupula] Φ ‘large’, in part
Sellaphora [pupula] Φ ‘dumbbell’
Sellaphora blackfordensis, in part
Sellaphora [pupula] Φ ‘pseudocapitate’, in part
Sellaphora [pupula] Φ ‘cf. capitate’, in part
Sellaphora capitata
Sellaphora [pupula] Φ ‘caput’
Sellaphora [pupula] Φ ‘small capitate’

Navicula pupula var. elliptica
Sellaphora [pupula] Φ ‘urban elliptical’, in part
Sellaphora [pupula] Φ ‘upland elliptical’
Sellaphora [pupula] Φ ‘small blunt-capitate’, in part

Navicula pupula var. mutata Sellaphora auldreekie, in part
Sellaphora [pupula] Φ ‘tiny’, in part

Navicula pupula var. pseudopupula Sellaphora [pupula] Φ ‘small blunt-capitate’, in part 
Sellaphora [pupula] Φ ‘perfidy’, in part

Navicula pupula var. rectangularis Sellaphora [pupula] Φ ‘large’, in part
Sellaphora [pupula] Φ ‘cf. large’

Navicula laevissima

Sellaphora [laevissima] Φ ‘heart’
Sellaphora [laevissima] Φ ‘normal’
Sellaphora [laevissima] Φ ‘small’
Sellaphora [laevissima] Φ ‘very coarse’

– Sellaphora [laevissima] Φ ‘barless capitate’
Sellaphora [laevissima] Φ ‘mini-barless capitate’

viduals whose life-cycle variation could not be 
estimated with confidence; (4) we restricted our-
selves almost exclusively to our own samples of 
harvested epipelon, to maximize the chances of 
finding many clean examples of each deme per 
slide (many samples of surface sediment are avail-
able from ecological and palaeoecological studies, 
but in these epipelon is diluted by allochthonous 
plankton and periphyton, as well as by the inor-
ganic sediment itself); and (5) we probably did 
not explore the full ranges (in the British Isles) 
of the environmental parameters that control the 
ecology of Sellaphora species. However, despite 
all the problems, we can be confident in one con-
clusion: there are many more distinct entities (pu-
tative species) in Sellaphora than has previously 
been recognized, even in a well-studied country 
like the United Kingdom. The question that arises 
next is whether this has any practical effect, for 

example in interpreting previous records and 
making new ones.

By happy chance, harTLEy’s (1986) check-
list provides an opportunity to examine the value 
and meaning of earlier published records, because 
it predates the publication of the new standard 
European flora by KraMMEr & LangE-BErTaLoT 
(1986). Most of harTLEy’s records of freshwater 
diatoms will therefore have been made using a 
single consistent taxonomy, namely that standard-
ized by husTEdT (e.g. 1930, 1961). So, by exam-
ining the descriptions and illustrations given by 
husTEdT (op. cit.), we can relate our demes to the 
records of ‘Navicula’ species and varieties col-
lated by harTLEy and this is done in Table 6. If 
our identifications are agreed to be reasonable 
(husTEdT 1930 provided no metric data but only a 
single illustration and a verbal description for the 
‘infraspecific’ taxa of S. pupula, so that diatomists 
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had to rely on shape and pattern alone for identi-
fications), then it is clear that no previous British 
records of any of the larger Sellaphora species can 
be interpreted in the context of the phenodemes 
recognized here, except for [laevissima] Φ ‘per-
hibita’. Several of the demes have probably been 
identified as different infraspecific taxa, depend-
ing on which stage of the life cycle was observed 
and who was observing it.

We noted above that it is difficult to find 
convincing equivalents to our demes among good 
illustrations of Sellaphora species from non-Brit-
ish sites. It should be obvious from this and Table 
6 that the biogeography of Sellaphora species and 
varieties cannot be determined from the literature. 
Published records, like those of Sellaphora pup-
ula var. elliptica (husT.) BuKhTiyarova used dur-
ing the provocative analysis of diatom biogeog-
raphy by finLay et al. (2002), mean almost noth-
ing. It seems probable to us that the same is likely 
to be true for many other diatoms, but each case 
must be evaluated on its own merits. Molecular 
data (Evans et al. 2007) suggest that the [pupula] 
group is not monophyletic and that the [pupula]–
[bacillum] clade has been diversifying for well 
over 10 million years. Progress in understanding 
the ecology and biogeography of diatoms is un-
likely to be made if such units as Sellaphora [pu-
pula] are used as the basis of recording.
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