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The diatom flora in two series of samples collected, one in 1961/2 and the other in 1983, from the thermal spring 

complex at Gross Barmen near Okahandja in South West Africa/Namibia are documented. Taxonomic notes are 

provided for most of the 63 taxa recorded, and each taxon confirmed as present is illustrated with light microscope 

photographs. One new species, Navicula pseudosydowii sp. nov., and one new variety, Anomoeoneis sphaero­

phora var. magnifica var. nov., are described. The structure of the diatom assemblages in the two series of samples is 

discussed briefly, and comments are made on the influence of temperature on the distribution of species in thermal 

waters. 

Hierdie ondersoek dokumenteer die diatoomflora in twee reekse monsters wat in 1961/62 en 1983 respektiewelik 

versamel is by 'n warmwaterbron te Gross Barmen naby Okahandja in Suidwes-Afrika/Namibie. Taksonomiese 

aantekeninge word voorsien vir meeste van die 63 waargenome taksa en elke takson wat as teenwoordig bevestig is, 

word met ligmikroskoopfoto's gemustreer. Een nuwe spesie, Navicula pseudosydowii sp. nov., en 'n nuwe varieteit, 

Anomoeoneis sphaerophora var. magnifica var. nov., word beskryf. Die struktuur van die diatome­

bevolkingssamestellings in die twee reekse is kortliks bespreek, en kommentaar word gelewer oor die invloed van 

temperatuur op die verspreiding van spesies in warmwaterbronne. 

Keywords: Anomoeoneis sphaerophora var. magnifica var. nov., Bacillariophyceae, diatom assemblages, 
Navicula pseudosydowii sp. nov. . 
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Introduction 

Thermal and mineral springs have captured the imagina­
tion of people for centuries on account of their therapeutic 
effects. In many places throughout the world such springs 
have been the focal point around which towns or health 
spas have developed . In southern Africa the fate of most 
thermal springs is much the same, and very few remain in 
their natural or pristine state . 

In South West AfricalNamibia a large number of thermal 
springs have been identified , and many of these formed the 
subject of a study by Cholnoky (1966), who investigated 
their diatom flora . In the course of his study, Cholnoky de­
scribed several new taxa and commented on rare or inte­
resting species. We have re-examined many of these taxa , 
and it is obvious that Cholnoky misidentified a number of 
them, while his concepts of other taxa have become out­
dated. In order to re-appraise his new taxa, it is necessary to 
examine material with the electron microscope (EM). Un­
fortunately, while the permanent mounts prepared from 
Cholnoky's material collected for this study are present in 
the diatom collection of the National Institute for Water 
Research (NIWR) , Pretoria, the original samples have 
been lost, leaving no original unmounted material for EM 
study. 

Therefore , when an expedition to collect diatom samples 
from previously uncovered areas of South West Africa! 
Namibia was planned, a number of sites sampled by 
Cholnoky were included with the primary objective of ob­
taining new material from these sites for EM study. At the 
same time, due to a renewed interest in the diatom flora of 
springs , attention was also paid to thermal springs in the 
central and southern regions of South West Africa! 
Namibia, which were not covered by Cholnoky's study. 

One group of springs sampled on this expedition was the 
thermal springs at Gross Barmen. These are of particular 
interest for a number of reasons. Firstly, they are one of the 
best-known thermal springs in this region . Secondly, they 
are the only springs sampled on both this occasion and on 

the previous sampling trip undertaken about 20 years ear­
lier by Cholnoky (1966) . Thirdly, in the intervening period 
between Cholnoky's study and the present one the Gross 
Barmen thermal springs have been fully developed as a 
health and pleasure resort. As a result we may expect 
changes in the diatom flora of the spring complex. 

The main purpose of this study is to provide an account of 
the diatoms of the Gross Barmen thermal springs, examin­
ing the changes that might have occurred over a period of 
20 years. In order to make a meaningful comparison be­
tween the diatom communities present when Cholnoky's 
samples were collected in 1961 and 1962 and those found in 
the samples gathered in 1983, it was necessary to re­
examine all Cholnoky's Gross Barmen slides to reconcile 
his identifications with ours. Such a step is essential , since 
over a period of 20 years taxonomic revisions of genera and 
species have resulted in nomenclatural changes. Further­
more , since Cholnoky's time , opportunities to examine 
type material and improved facilities, such as electron 
microscopic observations and a 'more comprehensive di­
atom literature, have made greater accuracy in identifica­
tion possible in the present study. Finally differences in the 
personal interpretation of diatom descriptions can give rise 
to differing concepts of a taxon. These factors were there­
fore taken into account when compiling a new and com­
prehensive list of the diatom taxa from Gross Barmen. It 
should be noted that, since the preparation of this manu­
script, the most recent account of the diatom family Navi­
culaceae by Krammer & Lange-Bertalot (1986) has ap­
peared in print. While the authors of this paper may not 
agree with all the views expressed therein , solutions to 
some of the taxonomic problems raised in the Gross Bar­
men study may be found in their book. 

This paper presents a comprehensive list of all the diatom 
taxa recorded from the thermal springs of Gross Barmen, 
and includes a number of taxa observed on Cholnoky's 
slides, which he had evidently missed in his study. Nearly all 
the. taxa recorded in this list have be~n photographed in 
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order to reduce or eliminate confusion with regard to their 
identity. The only taxa not illustrated are those recorded by 
Cholnoky (1966) in his study , but for which we could find 
no specimens to confirm the identification. In addition to 
the visual record of these taxa, we have furnished notes for 
those needing taxonomic comment. The paper also dis­
cusses the present composition of the diatom flora of the 
springs and examines how it has changed over the interven­
ing period. 

Description of study site 

The location of the thermal springs of Gross Barmen in 
South West AfricalNamibia is shown in Figure 1. These lie 
on flat ground on the banks of a tributary of the Swakop 
River about 24 km south-west of Okahandja at latitude 
220 7'S and longitude 16°44'E (Ashton & Schoeman 
1984, p.51). The site is historically interesting since it is the 
place where the first mission outpost for the Herero people 
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was built in 1844 by Hugo Hahn, a Rhenish missionary. 
Following this, there was little development other than the 
building of a police fort in about 1896 at this site to protect 
ox-wagon convoys travelling between Walvis Bay and Oka­
handja. During the early 1950's the area surrounding the 
thermal springs and mission ruins was acquired by the 
South West African!Namibian Administration. Finally, the 
recreational and therapeutic potential of the thermal 
springs was fully exploited with the completion in 1977 of a 
health spa and recreation centre. 

At the time Cholnoky (1966) made his collection of di­
atom samples from the Gross Barmen thermal springs in 
1961162, the site was undeveloped. Water from the thermal 
springs flowed first into a pool fringed with reeds and 
sedges, from there into a small crude bath, and then into a 
large pool flanked by Hyphaene palms (Figure 2) , which 
was used as a swimming pool. From the swimming pool the 
water flowed into a number of impoundments and finally 
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Figure 1 The Gross Barmen thermal springs near Okahandja in central South West AfricalNamibia (SW A/N). The two smaller maps above 
show the location of the springs, (a) in relation to Windhoek, Okahandja and the Swakop River and (b) in relation to neighbouring states in 

southern Africa. The larger map (c) below shows the lay-out of the health and recreational complex as it is today, and Schoeman's sampling sites 
(G 89-93) in this system. 
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Figure 2 The old swimming pool at Gross Barmen flanked by 
Hyphaene palms as it was in about 1964. 

into a small swampy stream, which discharges into the Mis­
sions River and thence into the Swakop River (Gevers et al. 

1963). 
Following the development of the thermal springs the 

site was greatly changed. The main spring (Figure 1c - A) 
has been enclosed by a circular, stone well-like structure. 
From there the thermal waters are piped underground to 
the thermal hall (Figure 1c - C), after which they flow 
underground by gravity to the modern open air swimming 
pool, built on the site of the old swimming pool and still 
flanked by the same Hyphaene palms (Figure 1c - B). 
Overflow water from the swimming pool drains into the 
large impoundment below the pool, and from there if fol­
lows the route to the Swakop River as described above. As 
a result of confining the thermal waters to an underground 
pipe system in the new development, most of Cholnoky's 
sampling sites (SWA 30-32, see below) no longer exist. 

A comprehensive account of the geology, climate and 
chemistry of the spring waters of this region is given by 
Gevers et al. (1963), while a more recent analysis of the 
thermal waters was reported by Ashton & Schoeman 
(1984). 

Materials and Methods 

The material examined in this study comprises two sets of 
samples from the Gross Barmen thermal springs and its im­
mediate surroundings. The first set forms part of a large 
number of samples collected by Cholnoky (1966) from 
springs in South West AfricalNamibia and Botswana in 
August 1961. They consist of four samples (SW A 30-33) 
from the channels conveying the warm spring water to an 
earth dam impoundment. A fifth sample (SWA 101), col­
lected by 0.0. Hart in February 1962 from the phytoplank­
ton of the impoundment, was also examined by Cholnoky. 
Brief descriptions of these diatom sampling sites are given 
below. 
SWA 30 (NIWR 162/3235): The main spring stream 

some 5,0 m from the spring 
source. pH 7,8. Tempera­
ture in the spring 65°C. 

SWA 31 (NIWR 162/3236): A marshy spring near the 
main spring with slightly 
cooler water. 

SWA 32 (NIWR 162/3237): The common channel of the 
springs. 

SWA 33 (NIWR 162/3238): The large impoundment col­
lecting the spring waters. 

SWA 101 (NIWR 166/3305): Plankton sample from the 
impoundment collecting the 
spring water. 
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In our notes on various taxa we have referred to one 
other sample, relevant to Gross Barmen, which has not 
been included in the list above. This is sample SW A 34 
(NIWR 162/3239), which was collected about 1,5 km below 
the earth dam from the channel carrying effluent water 
from the impoundment, and is consequently not directly 
related to the spring itself. In the present survey we have no 
comparable sample. 

The second set of samples was collected by Schoeman in 
October 1983. Schoeman's sampling sites could not be cor­
related exactly with those sampled earlier by Cholnoky 
(1966) because the modern developments around the 
springs have destroyed the latter. Consequently, on the 
map in Figure 1 only the new sampling sites are shown. 
They are described as follows: 

G 89 (NIWR 503/10058): Diatoms from stones within the 
enclosure constructed around 
the main spring source. pH 7,1. 
Temperature 66°C. Conducti­
vity 260 mS m- 1 • 

G 90 (NIWR 503/10060): Diatoms from submerged reed 
stems in large reed-fringed im­
poundment collecting the spring 
water after it had passed through 
the mineral baths. 

G 91 (NIWR 503/10062): Diatoms from muddy substrate 
of small pools in v-lei-Iike area 
below the dam. Water was stag­
nant and had a strong H2S 
odour. 

G 92 (NIWR 504/10064): Diatoms from muddy substrate 
in a large pool below dam, filled 
with stagnant, saline water. pH 
9,5. Temperature 48°C. COf.l­
ductivity 1 000 mS m -I. 

G 93 (NIWR 504/10066): Diatoms from decaying reeds in 
a densely reeded area fed by 
seepage water from the earth 
dam. 

Diatom samples from the latter set were gathered by 
scraping the algal growth from the substrate, placing it in a 
glass vial, and preserving it with 4% (v/v) formaldehyde. In 
the laboratory the diatoms were cleaned and permanently 
mounted in Naphrax (R.!. = 1,7 when dry) following the 
method described by Cholnoky (1968). The diatom slides 
were examined with a Zeiss Standard RA research micro­
scope, and specimens were photographed with an Olympus 
photomicrographic system model PM-WAD using Kodak 
Panatomic-X film. 

For transmission (TEM) and scanning (SEM) electron 
microscope studies, the procedures used were described by 
Schoeman & Archibald (1976, 1977b). 

Chemical analysis of the spring water was not under­
taken in Cholnoky's (1966) earlier survey, although he 
recorded pH and temperature readings for most of his 
sampling sites. In contrast, during the present study a 
water sample was collected from the source of the main 
spring. This was analysed in the laboratory following 
procedures described by Ashton & Schoeman (1984). At 
the remainder of the sampling sites measurements of pH, 
conductivity and water temperature were carried out in situ 

wherever possible. pH measurements were obtained with 
an Orion 201 portable pH meter equipped with a glass 
electrode. Conductivity readings were taken with a 
portable Werkstatten D812 conductivity meter. Measure­
ments of water temperature were obtained using a stan­
dard mercury thermometer graduated in O,l°C inter­
vals. 
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Abbreviations and terminology 

When referring to various materials or slides examined, we 
have used certain abbreviations as prefixes to the sample or 
slide numbers. These are: 
NIWR -slides belonging to the diatom collection of the 

National Institute for Water Research in 
Pretoria . 

VHS - slides belonging to van Heurck's (1884-87) 
'Types du Synopsis des Diatomees de Belgique'. 

Terminology used in this paper follows that suggested by 
the working party on diatom terminology (Anonymous 
1975; Ross et al. 1979). 

Taxonomic account 

Effective and valid transfer of information can only be 

achieved if there is absolute clarity as to what is being com­
municated. In diatom taxonomy such clarity does not al­
ways exist with regard to the concept of a taxon bearing a 
particular binomial combination. It is, however, essential 
in any floral surveyor ecological study that the organisms 
involved should be identified accurately. The task of the 
diatom taxonomist is therefore to ensure this accuracy 
through clarifying the concepts of the relevant taxa. Identi­
fication of a taxon comprises two processes. The first is de­
termining to which taxon the specimens belong using des­
criptions, illustrations and type material etc. for com­

parisons, and secondly , determining the correct name for 
the taxon by following the rules of the international code of 
botanical nomenclature (ct. Voss et al. 1983). This is not an 
easy task as many descriptions are inadequate, illustrations 
can be misleading (particularly drawings) and type material 
is not always readily available. Added to this is the compli­
cation of subjectivity in the interpretation of what con­
stitutes a particular species or taxon, i.e . the lumpers and 
the splitters. 

To overcome most of these problems to a certain extent 
we have photographed every taxon that we observed in 
both Cholnoky's (1966) samples and those collected for this 
survey. No illustrations have been given for those taxa re­
corded by Cholnoky (op. cit.) but not confirmed by per­
sonal observation of a specimen. These illustrations pro­
vide a visual record of the taxa observed in the spring waters 
of Gross Barmen, and thus minimise the effects of mis­
identification , changing nomenclature or revised taxo­
nomy. In order to appreciate the relative sizes of the dif­
ferent taxa, the magnifications of all but a few of the illu­

st:ations are 1 500x. Only some of the longer taxa are por­
trayed at 1 OOOx. 

The taxa observed in all the Gross Barmen samples exa­
mined in this study are listed below in alphabetical order. 
The references given for each taxon are those used in its 
identification in this study. Where no references are cited, 
it indicates that either the taxon was not seen in this study 
[e.g. some of Cholnoky's (1966) taxa] or that we could not 
identify it precisely. In a few instances we had difficulty in 
identifying specimens positively because they have cha­
racteristics common to two or more taxa, but do not fit 
either of them completely. Such cases are indicated by the 
use of a slash between two specific epithets (e.g. Gompho­

nema gracile / affine) or by the abbreviation 'affin.', which 
suggests an affinity to a particular taxon but not a firm iden­
tification with it. 

Immediately following the taxonomic notes on each 
species, the ranges in dimensions and striae counts for each 
taxon are given. These values reflect measurements made 
only in this study, and do not include those recorded by 
Cholnoky (1966). When dealing with striae counts, values 
given as 'near the centre' refer to counts of the striae made 
along the raphe near the central nodule. 
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Finally, the distribution of the taxa in the spring system is 
shown by reflecting the sample numbers in which a parti­
cular taxon occurred at the end of the discussion of each 
taxon. It should be noted here that in our re-examination of 
Cholnoky's slides (SWA 30-33, 101) we observed a 
number of taxa not recorded by him. These are recorded 
here, but will not be found in Cholnoky's (1966) account. 

The following taxa have been observed in the thermal 
springs of Gross Barmen. 

Achnanthes exigua Grunow (Figures 3-6) 

Scho~man & Archibald 1977b, A. exigua pp.1- 3, figs 1-80. 
Schoeman & Ashton 1982a, p.84, figs 1-8,75- 79,105-110. 

Dimensions: length 7,0-14,0 /Lm, breadth 4,0-6,0 /Lm. 

Transapical striae: raphe valve 26-31 in 10 /Lm near the 
centre (slightly denser at the poles), rapheless valve 25-28 
in 10 /Lm near the centre (up to 30 in 10 /Lm at the poles). 

Samples: SWA 30, 32, 33, 101; G 89, 90, 92, 93 . 

Achnanthes minutissima Kutzing (Figures 7-10) 

Hustedt 1931-59, p.376, fig. 820. 
Lange-Bertalot & Ruppel 1980, p.18, figs 74-112,126-132, 
218-229. 

Dimensions: length 8,0-18,5 /Lm, breadth 2,5- 3,5 /Lm. 

Transapical striae: raphe valve 28-30 in 10 /Lm (up to 32 in 
10 /Lm at the poles), rapheless valve 30 in 10 /Lm (up to 33 in 
10 /Lm at the poles). 

Samples: SWA 101; G 89. 

Amphora sp. [affin. luciae Cholnoky] (Figures 11, 12) 

Cholnoky 1960, p.23, figs 58, 59 (nec figs 60, 61) . 
Archibald 1983, p.48, figs 120-122. 

Cholnoky (1966, p.l72) claimed to have identified 
Amphora coffeaeformis (Agardh) Kiitzing from two sam­
ples collected at Gross Barmen . We have shown previously 
(Archibald & Schoeman 1984, p.83) that Cholnoky's con­
cept of A. coffeaeformis was somewhat confused. It was 
therefore not surprising that we were unable to find any 
specimens of the true A. coffeaeformis in Cholnoky's Gross 
Barmen samples, although a few specimens of a taxon (Fig­
ures 11,12) resembling it were observed. We have not been 
able to identify this taxon with certainty, but relate it very 
closely to certain forms of Amphora luciae Cholnoky, itself 
a problematic taxon. Archibald (1983, p.48) pointed out 
that, after examining Cholnoky's type material, it appear­
ed that A. luciae was based on two distinct elements. He 
therefore amended Cholnoky's original description to in­

clude only the smaller forms (viz. Cholnoky's 1966, figs 58, 
59) as A . luciae. The Gross Barmen specimens (Figures 11, 
12) agreed in all essential respects with this amended des­
cription, but subtle differences in valve shape, the more 
pronounced dorsal curvature of the central pores, and the 
greater maximum valve lengths prevent us from identifying 
them with certainty as A. luciae. It should be remembered, 
however, that A. luciae has not been observed frequently, 
and therefore the differences seen in the Gross Barmen 
specimens may fall within the range of variation of A. 

luciae. Specimens similar to those from Gross Barmen have 
previously been recorded under this name from the Swa­
kopmund sewage works (Schoeman 1972, p.69, fig. 5) in 
South West AfricalNamibia. 

Dimensions: length 19,0-26,5 /Lm; breadth 3,5-4,5 /Lm; 

transapical striae on the dorsal side 20-24 in 10 /Lm near the 
centre and 24-30 in 10 /Lm at the poles, on the ventral side 
28-30 in 10 /Lm. 

Samples: SW A 30, 32. 
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Figures 3-37 LM micrographs of diatoms from the Gross Barmen thermal springs. 3-6. Achnanthes exigua Grunow. 7-10. Achnanthes min­
utissima Kiitzing. 11, 12. Amphora sp. [affin . luciae Cholnoky] . 13-17. Amphora thermalis Hustedt. 18-22. Amphora veneta Kiitzing. 23-28. 
Anomoeoneis sphaerophora var. sphaerophora (Kiitzing) Pfitzer (23, 24: examples from van Heurck slide No. 124; 25-28: specimens from Gross 
Barmen). 29-37. Anomoeoneis sphaerophora var. biceps (Ehrenberg) Cleve (29, 30: examples from van Heurck slide No. 123; 31-37: specimens 
from Gross Barmen). Figures 3-7,9,13,19,26: phase contrast illumination (PH ilium.) . Figures 8, 10-12, 14-18,20-22,25,27,28,30-32, 34, 37: 
oblique bright field illumination (OBF ilium.). Figures 23, 24, 29, 33, 35 , 36: bright field illumination (BF ilium.). Bar scale = 10 JLm . 
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Amphora thermalis Hustedt (Figures 13-17) 

Hustedt 1949, p.ll1, p1.11, figs 1-3. 
Archibald & Schoeman 1988, manuscript in preparation. 
In this study we consider Amphora hartii Cholnoky (1963, 

p.30, figs 1-3) as conspecific with A. thermalis Hustedt. 
Evidence for this will be presented in a paper still in prepa­
ration. 

Dimensions: length 18,0--41,0 /Lm; breadth 4,0-6,0 /Lm; 

transapical striae on the dorsal side 24-28 in 10 /Lm near the 
centre and 30-36 in 10 /Lm at the poles, on the ventral side 
24-28 in 10 /Lm. 

Samples: SWA 30-33,101; G 91,92. 

Amphora veneta Kutzing (Figures 18-22) 

Schoeman & Archibald 1978, A. veneta pp. 1-3, figs 1-38. 
Schoeman & Archibald 1979, A. veneta (addendum) p.1, 
figs 1-38. 

Dimensions: length 11,5-43,0 /Lm; breadth (valve) 4,0-6,0 
/Lm; transapical striae on the dorsal side 26-29 in 10 /Lm near 
the centre, wider apart at the centre (18-25 in 10 /Lm) and 
slightly denser at the poles (28-30 in 10 /Lm), on the ventral 
side 24-30 in 10 /Lm near the centre but somewhat denser at 
the poles where they are not always clearly visible. 

Samples: SWA 30, 32, 33,101; G 90,93. 

'Anomoeoneis sphaerophora' complex 

In his discussion of the genus Anomoeoneis Pfitzer, 
Hustedt (1931-59, p.738) commented that numerous 
'varieties' had been named on account of the great vari­
ability within the genus. The truth of this statement be­
came obvious when we tried to identify as correctly as 
possible the many different examples of a group of taxa 
embraced in what we have called the 'Anomoeoneis 
sphaerophora' complex. In the literature the taxonomic 
ranks of the components of this complex have changed 
from time to time according to different schools of 
thought. At the end of the last century Cleve (1895, p.6) 
recognized three separate species, viz. A. sphaerophora 
(Kiitzing) Pfitzer, A. sculpta (Ehrenberg) Pfitzer and A. 
polygramma (Ehrenberg) Cleve [= A. costata (Kiitzing) 
Hustedt]. Later Hustedt (1931-59, p.740) divided the 
complex into A. sphaerophora with its varieties (including 
A. sculpta as a variety) and A. costata. More recently 
Patrick & Reimer (1966) followed Hustedt's taxonomy, 
while Gasse (1975, pI. 33, figs 1--6) preferred to consider 
the taxa as varieties of A. sphaerophora, and Schmid 
(1977) regarded them as forms of A. sphaerophora. The 
scope of this paper does not permit a full discussion of the 
merits and demerits of these views, and we have not been 
able to examine type material of any of these taxa. Con­
sequently, we have decided to follow Hustedt's taxo­
nomic interpretation of this complex in so far as our 
observations allow. 

The numerous examples of this complex observed in the 
Gross Barmen samples strongly resembled each other in 
certain points, but in other respects they showed a wide 

range of variation. In the Gross Barmen specimens we have 
discerned four relatively distinct groups, to which we have 
accorded the rank of variety. These are discussed sepa­
rately below. To avoid a problem encountered with 
Schmid's (1977) discussion of these taxa, where her use of 
different magnifications for her illustrations makes size dif­
ferences between the taxa difficult to conceive, we have re­
tained the same magnification (x 1 500) for the illustrations 
of all our examples of this complex. The following groups 
were identified. 
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Anomoeoneis sphaerophora var. sphaerophora 
(Kutzing) Pfitzer (Figures 23-28) 

The first problem to be resolved was the development of a 
good concept of the nominate variety. Kiitzing's (1844, 
p.95, pl.4, fig. 17) original description and illustration show 
that the valve of this variety is elliptic-Ianceolate in outline 
with rostrate-subcapitate apices. The length of the valve is 
45,7 (his ilIustration)-83,6/Lm (text). Nothing is said of the 
striae. However, Grunow (in van Heurck 1880-83, p1.12, 
figs 2, 3) depicted a valve identified as the nominate variety 
with the same valve outline. Dimensions of similar valves 
on van Heurck's (1884-87) slide No. 124 (= NIWR 71124) 
have a range of 60,0-65,0 /Lm for length, 19,5-20,0 /Lm for 
width, and they have 16-18 transapical striae in 10 /Lm. 

These specimens (e.g. Figures 23 & 24) show that the trans­
apical striae are composed of discrete puncta arranged in 
undulating longitudinal rows, fairly evenly spaced towards 
the margins but more irregularly and widely spaced near 
the axial area. Between the more widely spaced puncta of 
the striae, as well as in the central area (excluding the cen­
tral nodule), faint shadow puncta (depressions according to 
Schmid 1977, p.320) occur. Along the axial area on either 
side of the raphe there is a prominent row of puncta, each 
one corresponding with a stria. The van Heurck examples 
agree very closely with Hustedt's (1931-59, p.740, fig. 
1l08a) description of A. sphaerophora, and thus for the pre­
sent we accept these specimens as representing the nomi­
nate variety as truly as possible. 

In the Gross Barmen samples we did not find any forms 
corresponding exactly with the van Heurck examples. Fig­
ures 25-28 depict valves which approach the nominate va­
riety most closely. They have the typical valve outline and 
the construction of the central area corresponds well, but 
they appear to be smaller and the nature of their striae dif­
fers. The striae puncta in these specimens are more reg­
ularly and closely spaced and continue with little interrup­
tion from the valve margin to the axial area. As a result the 
row of pores on either side of the axial area is not so con­
spicuous in the Gross Barmen forms, and there appears to 
be an absence of the shadow puncta (depressions) in the 
striae and in particular the central area. For the present we 
consider these examples as representatives of the nominate 
variety in Gross Barmen. 

Dimensions: length 41,5--68,0 /Lm; breadth 13,0-19,5 
/Lm; transapical striae 18-20 in 10 /Lm near the centre and 
20-22 in 10 /Lm at the poles. 

Samples: SW A 32, 33, 101; G 91. 

Anomoeoneis sphaerophora var. biceps (Ehrenberg) 
Cleve (Figures 29-43) 

The majority of the Gross Barmen specimens (Figures 
31-43) assigned to the 'Anomoeoneis sphaerophora' com­

plex, and occurring in nine out of the ten samples exa­
mined, have been placed in the variety var. biceps. They 
were identified as such because they corresponded very 
closely with examples of Navicula sphaerophora var. biceps 
(= Anomoeoneis sphaerophora var. biceps) on van 
Heurck's (1884-87) slide No. 123 (= NIWR 71123). Two 
examples of the latter are shown in Figures 29 and 30. This 
designation, however, presents some taxonomic problems. 
Hustedt (1931-59, p.740) considered the var. biceps as 
synonymous with the nominate variety. In contrast, 
amongst the Gross Barmen specimens we did not find any 
intermediates between those valves designated as var. bi­
ceps (Figures 31-43) and those we accept as the nominate 
variety (Figures 25-28). Our examples of the var. biceps 
have lanceolate valves with more or less conically rostrate 
poles, as opposed to the more elliptic valves with sub­
capitate apices of var. sphaerophora. There were also fairly 
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clear differences in the nature of the striae. In the var. bi­
ceps from Gross Barmen the structure of the striae is quite 
variable. Basically, however, the valve striation consists of 
a marginal region in which puncta development is com­
plete, then a relatively wide area in which the striae con­
tinue as shadow puncta (depressions), and finally each stria 
ends in a prominent punctum at the edge of the axial rib. 
The latter form the conspicuous row of puncta on either 
side of the axial area, which is far more distinct in the Gross 
Barmen specimens of var. biceps than in the nominate var­
iety. In many of our examples the region occupied by the 
shadow puncta gives the impression of lateral areas similar 
to those found in the var. sculpta (see below). Construction 
of the central area, though often masked by the more con­
spicuous presence of the shadow puncta, is typical of the 
nominate variety. 

On account of these differences we prefer to keep 
the specimens illustrated in Figures 31-43 separate from 
the nominate variety, but use the name var. biceps out of 
convenience for the present. We are not in a position to 
compare our examples with the type material of Navicula 
biceps Ehrenberg, nor have we been able to examine the 
relationship of this variety with Anomoeoneis sphaero­

phora var. guentheri O. Miiller (1899, p.302, p1.12, 
figs 6-9). 

Dimensions: length 30,5-76,0 ILm; breadth 12,0-16,5 
ILm; transapical striae near the centre 16-22 in 10 ILm. 

Samples: SWA 30-33, 101; G 90-93. 

Anomoeoneis sphaerophora var. magnifica var. nov. 

(Figures 44-47) 

In four of the Gross Barmen samples examined in this study 
we observed some very large specimens (Figures 44-47) of 
a form resembling the nominate variety reasonably closely 
in respect of valve outline, construction of the central area, 
and striae structure. This form undoubtedly belongs to the 

'A. sphaerophora' complex, but we have not been able to 
identify it with any of the other three varieties composing 
this complex discussed here. Their large size (length 
85,0-131,5 ILm, breadth 28,0-37,5 ILm) clearly separates 
them from the nominate variety, var. sphaerophora (length 
41,5-68,0 ILm, breadth 13,0-19,5ILm) and from the var. bi­

ceps (length 30,5-76,0 ILm, breadth 12,0-16,5 ILm). In re­
spect of size, this large form is more comparable with the 
var. sculpta (length up to 200 ILm and breadth up to 60 ILm 
- cf. Hustedt 1931-59, p.741), although the Gross Barmen 
specimens of this variety (see below) appear to represent 
the shorter examples of the taxon. Nevertheless, var. 
sculpta can be distinguished fairly readily on the grounds of 
valve shape and the presence of the large, apparently struc­
tureless lateral areas, which do not appear in the large form 
under discussion. 

Searching the literature for other records of this large 
form, we could find only two other references to similar 
specimens. Gasse (1975, p1.33, fig. 1) illustrated this taxon 
from East Africa under the name var. sphaerophora, but 
did not comment on its large size or taxonomic status. On 
the other hand, Schmid (1977, p.322, figs 19, 20, 49, 51) 
found a few examples of this large form in the Neusied­
lersee, which agreed with specimens she observed in a 
sample collected independently by her from Gross Bar­
men. Schmid considered these specimens as initial cells 
(Erstlingzellen) of A. sphaerophora f. costata [= A. costata 
(Kiitzing) Hustedt], although she recognized that the Gross 
Barmen specimens differed in valve outline and structure 
from the typical 'lake forms' of f. costata. Comparison of 
our examples from Gross Barmen (Figures 44-47) with 
specimens of Navicula bohemica Ehrenberg [= Ano­

moeoneis costata (Kiitzing) Hustedt] on van Heurck's slide 
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No. 123 (= NIWR 71123; see Grunow in van Heurck 1884-
87, p.39) confirmed Schmid's latter observations in this re­
spect. Two examples from the van Heurck slide (Figures 
48, 49) show that A. costata is rhombic in outline with 
broadly rounded poles in contrast to the lanceolate valves 
having rostrate poles of the Gross Barmen specimens. A 
further difference between the two taxa can be found in 
their striae structure. In A. costata there are narrow lateral 
extensions of the central area between the axial row of 
puncta and the puncta of the striae (see especially Figure 
48). This is a feature not observed in our large Gross Bar­
men form. For a number of reasons we cannot accept 
Schmid's concept that these very large specimens are initial 
cells of A. costata. Firstly, we did not observe a single ex­
ample of A. costata in the Gross Barmen samples, which is 
contrary to what one would expect if these large forms were 
indeed initial cells. Secondly, we did not find any valves 
that could be considered as intermediates between our 
large form and A. costata. A further factor mitigating 
against these large speciens being initial cells is the fact that 
the characteristic structure of the valve remained constant 
over a relatively wide range in valve size (see dimensions 
below), i.e. over a number of vegetative divisions. This 
suggests that this large taxon forms a genetically stable unit, 
which does not at any stage exhibit the characteristics of A. 
costata. Furthermore, in the series of valves observed from 
Gross Barmen, particularly in sample SWA 101, it appear­
ed that, as the valves diminished in length, they became 
relatively broader and the outline was simplified with the 
protracted poles becoming less prominent. This accords 
with Geitler's (1932, p.175) observations of trends in di­
atom valve characteristics during subsequent vegetative 
divisions. Reflecting on these points we conclude that these 
large specimens should be considered as a distinct variety, 
and not merely as a form or one extreme of the natural 
range of variability of the nominate variety. Consequently, 
we propose to call this new variety Anomoeoneis sphaero­
phora var. magnifica var. nov. The description of this new 
variety is as follows: 

Valves lanceolate with broad rostrate poles having 
somewhat flatly rounded apices; length 85,0-131,5 ILm, 

breadth 28,0-37,5ILm. Raphe straight and broadly filiform 
with fairly prominent central pores and large curving ter­
minal fissures deflected to the same side of the valve. Axial 
area relatively broad and linear; central area large and 
asymmetrical, somewhat larger and extending to the mar­
gin on one side of the valve. Transapical striae radial over 
most of the valve, becoming parallel or slightly convergent 
at the poles, 15-18 in 10 ILm, distinctly punctate with puncta 
arranged in undulating rows, somewhat close together near 
the margins of the valve and becoming more widely and 
irregularly spaced as they approach the axial area; striae 
reaching the axial area where the last punctum of each stria 
is more prominent, thus forming a conspicuous longitudi­
nal row of pores on either side of the axial area. 

Valvae lanceolatae, polis late rostratis et apicibus leniter com­
planatis; 85,0-131,5 JLm longae, 28,0-37,5 JLm latae. Raphe late 
filiformis, directa; poris centralibus prominentis; fissuris ter­
minaJibus magnis arcuatisque ad marginem eadem deflexis. Area 
axialis pro ratione lata Iinearisque; area centralis magna asym­
metricaque, in latere uno valvae aliquantum maior et ad marginem 
extensa. Striae transapicales pro parte maxima radiales, ad polos 
versus parallelae velleniter convergentes, 15-18 in 10 JLm, punc­
tatae distincte, punctis in seriaJibus undulatis ordinatis, ad mar­
ginem versus aliquantum approximatis, ad aream axialem versus 
latioribus irregularibusque; striae ad aream axialem extensae ubi 
punctum ultimum striae utraeque prominentius est, sic series 
longitudinalis conspicua punctorum in latere alterutero areae 
axialis faciens. 



228 S.-Afr. Tydskr. Plantk., 1988, 54(3) 

10Jlm 

Figures 38-46 LM micrographs of diatoms from the Gross Barmen thermal springs. 38-43. Anomoeoneis sphaerophora var. biceps (Ehrenberg) 
Cleve. 44-46. Anomoeoneis sphaerophora var. magnifica var. nov. Figures 38-41 , 43,44: OBF ilium . Figures 42, 45 , 46: BF ilium. Bar scale = 10 

fLm. 
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Figures 47-51 LM micrographs of diatoms from the Gross Barmen thermal springs . 47. Anomoeoneis sphaerophora var. magnifica var. nov. 48, 
49. Anomoeoneis costata (Kiitzing) Hustedt from the van Heurck slide No. 123 (see text under previous taxon). 50,51. Anomoeoneis sphaero­

phora var. sculpta (Ehrenberg) O. Miiller. Figures 47 , 48,50, 51: BF ilium. Figure 49: OBF ilium. Bar scale = 10 JLm . 
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Habitat: In the mineralized, thermal spring waters at Gross 
Barmen near Okahandja in South West AfricalNamibia. 

Type slide No. NIWR 503/10060 (G 90) in the NIWR Col­
lection, Pretoria, South Africa. 

Anomoeoneis sphaerophora var. sculpta (Ehrenberg) 
O. Muller (Figures 50-52) 

Hustedt 1931-59, p.741, fig. 1109. 

We have designated the fourth member of the Gross Bar­
men 'A. sphaerophora' complex as the var. sculpta. We 

have for the present followed Hustedt's (op. cit.) taxonomy 
for this taxon, according it the rank of variety, because, 

although it occurred in a number of samples together with 
the other varieties discussed above, it retained its valve 

characteristics (see Figures 50-52) without any inter­

mediate forms being observed. The raphe structure, the 
single row of prominent pores on either side of the axial 

area, the asymmetrical central area and the striae puncta 
arranged in undulating longitudinal rows communicates its 

basic affinity to the 'A. sphaerophora' complex. However, 
its considerably larger size, relatively broader valves and 

valve shape immediately distinguish it from the var. 
sphaerophora and the var. biceps. The very broad appa­

rently structure less lateral areas, and, to a lesser degree, 

the valve shape separates this taxon from the var. mag­

nifica. The broad lateral areas in the var. sculpta contain 

very faint shadow puncta (very shallow depressions), which 
at certain levels of focus and illumination intensities make 

these regions appear structureless. 
In order to satisfy ourselves that our concept of the var. 

sculpta accorded with earlier interpretations of this taxon, 
we examined a large number of examples on van Heurck's 

(1884-87) slide No. 123 (NIWR 7/123) containing Navicula 

sculpta Ehrenberg (= A. sphaerophora var. sculpta). Apart 
from rather more acute apices in the van Heurck examples 

(Figures 53, 54), our specimens were indistinguishable 
from those on the van Heurck slide. 

Dimensions (Gross Barmen examples only): length 

61,5-88,5 /Lm; breadth 28,0-32,5 /Lm; tJ;"ansapical striae 

14-16 in 10 /Lm. 

Samples: SW A 32, 33, 101. 

Brachysira vitrea (Grunow) comb. nov. f. lanceolata 
(Mayer) comb. nov. (Figures 55-61) 

Hustedt 1931-59, p.752, fig. 1114d (as Anomoeoneis exilis f. 

lanceolata Mayer) . 

Patrick & Reimer 1966, p.380, p1.33, fig. 12, 13 [as Ano­

moeoneis vitrea (Grunow) Ross]. 

Round & Mann (1981) have justified the resurrection of the 

genus Brachysira for those taxa of the genus Anomoeoneis 

which have a structure similar to Navicula aponina (Kiit­

zing) Kiitzing (1844) = Brachysira aponina Kiitzing 
(1833-36; d. Krammer & Lange-Bertalot 1985, p.14, pl.1, 

figs 6-11,18). A number of years previously, Ross (1947, 

p.197) and Ross in Patrick & Reimer (op. cit.) explained 
why 'vitrea' is the correct epithet for A. exilis (Kiitzing) 

Cleve [= B. exilis (Kiitzing) Round & Mann]. However, for 
some reason the correct generic name and the legitimate 

specific epithet have not yet been used in combination. 

Krammer & Lange-Bertalot (1985, p.11) argue against 
transferring the A. vitrea - A. serians - A. zellensis group of 

species to the genus Brachysira for fear of making unneces­
sary synonyms. They justify their standpoint on the 

grounds that, if a reappraisal of the Naviculaceae is under­
taken, it may result in a further regrouping of the species. 

Unfortunately, the rules of the international code of bota­
nical nomenclature do not provide for the conservation of 
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names until such time as the family or genus has been re­

vised. We therefore follow Round & Mann (1981) in their 
typification and separation of the genera Anomoeoneis and 

Brachysira, and believe that there is a much stronger link 
between B. aponina Kiitzing and B. vitrea (Grunow) comb. 

nov. than Krammer & Lange-Bertalot suggest. Thus we 
use the new combination Brachysira vitrea (Grunow) 

comb. nov. f. lanceolata (Mayer) comb. nov. for the taxon 
observed at Gross Barmen. 

Figures 55-61 illustrate the range in size and valve shape 
of specimens found in sample SWA 31. Under the light 

microscope these valves appear to have the structure char­

acteristic of B. vitrea (Hustedt 1931-59, p.751, figs 1114a-c 
as Anomoeoneis exilis; Patrick & Reimer 1966, p.380, p1.33, 

figs 12, 13 as A. vitrea) but lack the capitate poles. In this 
respect they accord more closely with the f. lanceolata 

(Hustedt op. cit. p.752, fig. 1114d as A. exilis f. lanceolata; 

Germain 1981, p.l64, p1.62, figs 5-8 as A. vitrea). We have 

compared typical capitate forms of B. vitrea from the Pre­
toria Salt Pan (vide Schoeman & Ashton 1982b, p.27, figs 

6-9, 46-48, 66-78 as A. exilis) with the lanceolate Gross 

Barmen specimens, but could find no essential structural 
differences. The lanceolate forms from Gross Barmen also 

appear to be very similar to a recently described species, 
Anomoeoneis garrensis Lange-Bertalot & Krammer (vide 

Krammer & Lange-Bertalot 1985, p.12, pl.1, figs 1-5). 

Apparently the latter can only be distinguished from the 

lanceolate forms of B. vitrea when viewed through scanning 
electron microscopy (SEM). The only point of distinction 

between A. garrensis and B. vitrea is the presence of spines 

on the valve surface in the latter (vide Schoeman & Ashton 
op. cit. figs 66-74; Krammer & Lange-Bertalot op. cit. pI. 1, 
fig. 17). Since we cannot study the Gross Barmen speci­

mens under SEM (no unmounted material of Cholnoky's 

sample SWA 31 available), we prefer to identify the Gross 

Barmen examples for the present as B. vitrea f. lanceolata. 

Dimensions: length 12,5-32,0 /Lm; breadth 4,0-5,5 /Lm; 

transapical striae near the centre (32)34-37 in 10 /Lm. 

Samples: SWA 30-32,101; G 89. 

Caloneis molaris (Grunow) Krammer (Figures 62~5) 

Krammer & Lange-Bertalot 1985, p.18, p1.10, fig. 9. 
Schoeman & Ashton 1982a, p.87, figs 31-42, 123-126 [as 

Caloneis clevei (Lagerstedt) Cleve]. 

Schoeman (in Schoeman & Ashton op. cit.) suggested that 

Hustedt's (1930, p.236, fig. 359) concept of Caloneis clevei 

was incorrect. This was based on their examination of a 

slide (A-GC 92550 in the collection of the Academy of Na­

tural Sciences, Philadelphia) made from Lagerstedt mate­

rial collected at Liefde Bay, Spitzbergen. The single valve 
of Caloneis clevei observed on this slide (Figures 66a, b) 

shows clearly the difference between Lagerstedt's taxon 
and Hustedt's concept of the species as illustrated in Fig­

ures 62-65 of this study. More recently, Krammer (in 
Krammer & Lange-Bertalot op. cit. p1.10, figs 8, 9) has 

made the same observation after examining a slide prepar­
ed from Spitzbergen material (presumably Lagerstedt ma­

terial) in the Krasske collection. Our specimen from the 
Philadelphia slide conforms in all respects with Krammer's 

example (see his figure 10.8) on the Krasske slide. 

Krammer has shown, furthermore, that Hustedt's concept 
of C. clevei is identical to the type specimens of Navicula 

molaris Grunow, a species which until now has been known 
as Pinnularia molaris (Grunow) Cleve. We therefore 

accept Krammer's transfer of the species, P. molaris, to 
the genus Caloneis, and the inclusion of all specimens con­

forming to Hustedt's concept of C. clevei under the new 

combination of Caloneis molaris (Grunow) Krammer. 



S. Afr. 1. Bot., 1988,54(3) 231 

~ 
55 / 

56 57 

58 59 

60 61 

76 

63 64 65 

68 70 

Figures 5Z--76 LM micrographs of diatoms from the Gross Barmen thermal springs. 5Z--54. Anomoeoneis sphaerophora var. sculpta (Ehren­
berg) O. Muller (53, 54 - from van Heurck slide No. 123). 55-61. Brachysira vitrea (Grunow) comb. nov. f. lanceolata (Mayer) comb. nov. 
6Z--65. Caloneis molaris (Grunow) Krammer. 66. Caloneis clevei Lagerstedt (see text under C. molaris; 66a - specimen from Lagerstedt material 
collected at Liefde Bay, Spitzbergen (Slide No. A-GC 92550 in the Academy of Natural Sciences, Philadelphia); 66b -camera lucida drawing of 
the specimen in Figure 66a). 67. Caloneis sp. 68-70. Cyclotella meneghiniana Kutzing. 71-75. Cymbella pusilla Grunow. 76. Diploneis oblongella 

(Naegeli ex Kutzing) Cleve. Figures 52,53,59,61,64, 66a, 67, 72, 74, 75: OBF ilium. Figures 54, 62, 65, 68, 73, 76: BF ilium. Figures 55-58,60,63, 
69-71: PH ilium. Bar Scale = 10 J.Lm. 
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Dimensions: length 24,0-69,0 JLm; breadth 7,0-12,0 JLm; 
transapical striae 20-22 in 10 JLm throughout the valve. 

Samples: SWA 31-33, 101; G 89. 

Ca/oneis sp. (Figure 67) 

The distinction between Caloneis bacillum (Grunow) Cleve 

and its closely related taxa is often nebulous, making pre­
cise identification of some specimens difficult. In this re­

gard a single valve (Figure (7) observed in this study agreed 
with C. bacillum in valve shape, dimensions and striae den­

sity, but the shape of the axial area and the convergent api­
cal striae did not conform to the commonly accepted con­

cept of C. bacillum (d. Hustedt 1930, p.236, fig. 360). We 
have therefore refrained from identifying this example to 

species level. 

Dimensions: length 31,0 JLm; breadth 8,0 JLm; transapical 
striae near the centre 21-22 in 10 JLm, and 22 in 10 JLm at the 

poles. 

Samples: G 90. 

Cyc/otella meneghiniana Kutzing (Figures 68-70) 

Schoeman & Archibald 1980, C. meneghiniana pp.1-10, 
figs 1-110, 126--159. 

Dimensions: diameter 13,0-17,0 JLm; 6--8 striae in 10 JLm. 
Samples: G 90, 93. 

Cymbella microcepha/a Grunow (No figure) 

From his analysis sheets (NIWR collection) it appears that 
Cholnoky saw only one example of this species in his 

sample SW A 101. We were unable to find any examples of 
this species to confirm its presence, and so have not illu­

strated it. 

Dimensions: length 17,0 JLm; breadth 4,0 JLm; transapical 
striae 26 in 10 JLm on the dorsal side. 

Samples: SW A 101. 

Cymbella pusil/a Grunow (Figures 71-75) 

Hustedt 1930, p.354, fig. 646. 
Krammer 1982, p.44, figs 1145-1148. 

Dimensions: length 20,5-29,0 JLm; breadth 5,0-6,5 JLm; 
transapical striae near the centre on dorsal and ventral sides 

16--17(18) in 10 JLm, and up to 20 in 10 JLm at the poles. 
Samples: SW A 30-32, 101. 

Dip/oneis ob/ongella (Naegeli ex Kutzing) Cleve 
(Figure 76) 

Patrick & Reimer 1966, p.413, p1.38, fig. 8. 
Hustedt 1931-59, p.671, figs 1065a-k [as D. ovalis (Hilse) 

Cleve]. 

The only Diploneis species recorded by Cholnoky (1966, 

p.182) from his Gross Barmen samples was D. subovalis 
Cleve found in sample SWA 101. However, while search­

ing this sample for a specimen to confirm this identification, 

we came across three specimens of D. oblongella, the best 
of which is illustrated in Figure 76. The striae composed of a 

single row of puncta, one of the characters distinguishing 
this species from D. subovalis, are clearly seen in this illu­

stration. Since D. oblongella (as D. ovalis) was recognized 

by Cholnoky (op. cit. p.181) from other springs in South 
West Africa/Namibia, it suggests that, due to the scarcity of 

this species in sample SWA 101, he failed to see any when 
he examined the slide. 

Dimensions: length 16,0-21,5 JLm; breadth 10,5-11,5 

JLm; transapical striae 13-16 in 10 JLm near the centre and 
16--17 in 10 JLm near the poles; striae with 16--22 puncta in 10 

JLm in a single row. 

Samples: SW A 101. 
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Dip/oneis subova/is Cleve (No figure) 

Hustedt 1931-59, p.667, figs 1063a, b. 

In the Gross Barmen material this species is very rare. 

From his analysis sheets (NIWR collection) Cholnoky 
appears to have seen only one specimen on slide No. SW A 

101 (d. Cholnoky 1966, p.182), while in the most recently 
collected samples we did not record it at all. In our re­

examination of Cholnoky's slide SW A 101 we found a 
single example covered with debris, making it unsuitable 

for photography. Nevertheless, this specimen showed 
striae with the typical D. subovalis character, i.e. each stria 

consisting of a double row of pores arranged alternately. 

Dimensions: length 43,0 JLm; breadth ca. 14,0 JLm; trans­
apical striae near the centre of the valve 12 in 10 JLm. 

Samples: SW A 101. 

Epithemia argus (Ehrenberg) Kutzing var. /ongicomis 
(Ehrenberg) Grunow (Figure 77) 

Hustedt 1930, p.384, figs 727c, d. 

Patrick & Reimer 1975, p.177, p1.23, fig. 3. 

Cholnoky (1966) recorded this species from Gross Barmen 

only in sample SW AWl. 

Dimensions: length 78,0-98,0 JLm; breadth 13,0-14,0 
JLm; about 1,5 primary costa in 10 JLm and 10-12 transapical 

striae in 10 JLm. 
Samples: SW A 32, 101. 

Fragilaria brevistriata Grunow var. elliptica Heribaud 
(Figures 78-80) 

Heribaud 1903, p.74, p1.10, fig. 11. 

Hustedt 1931-59, p.169, fig. 676f. 

Cholnoky (1966, p.184) recorded three Fragilaria taxa 

from all but one of his Gross Barmen samples. These taxa 
were F. construens (Ehrenberg) Grunow, its var. subsalina 
Hustedt and F. pinnata Ehrenberg. However, on examin­

ing the relevant samples (SWA 30, 32, 33, 101) not a single 
example of the above-mentioned taxa was observed. In­

stead, the taxon illustrated in Figures 78-80 was found re­
latively frequently in all these samples. While Cholnoky 

may well have seen the three taxa he recorded, it is surpris­
ing that he should have overlooked the taxon most com­

monly present on these slides. We therefore suggest that 
Cholnoky actually saw this taxon, but identified it diffe­

rently in each of the samples. 

The small Fragilaria species have recently been the focus 
of greater attention, with a number of diatomists trying to 

resolve the taxonomy of the F. construens-pinnata-brevi­
striata-elliptica group (Haworth 1975; Poulin et al. 1984; 
Rosen & Lowe 1981). These studies did not throw much 
light on the identity of our specimens, which are linear­

elliptical with broadly rounded poles and short marginal 
striae, thus leaving a relatively broad axial area. These 

characteristics, as well as their small dimensions and their 

striae counts, place our specimens in the taxon F. brevi­
striata var. elliptica Heribaud. 

Dimensions: length 5,0-9,0 JLm; breadth 2,5-3,5 JLm; 
transapical striae 14--17 in 10 JLm. 

Samples: SW A 30, 32, 33, 101. 

Gomphonema affine Kutzing - G. gracile Ehrenberg 
complex (Figures 81-92) 

Figures 81-92 illustrate a series of valves which show 
characteristics of a number of Gomphonema taxa without 

fully agreeing with any of them. We have consequently ex­
perienced great difficulty in naming them. The specimens 

illustrated in this series were observed in four samples from 
Gross Barmen (SWA 33, 101, and G 90,93). It is evident 
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Figures 77-114 LM micrographs of diatoms from the Gross Barmen thermal springs. 77. Epithemia argus var. longicornis (Ehrenberg) 
Grunow. 78-80. Fragilaria brevistriata var. elliptica Heribaud. 81-92. Gomphonema affine- G. gracile complex. 93-99. Gomphonema parvulum 

(Kiitzing) Grunow. 100. Hantzschia amphioxys (Ehrenberg) Grunow. 101, 102. Mastogloia elliptica var. dansei (Thwaites) Cleve. 103-105. 
Navicula brasiliana f. platensis (Frenguelli) Hustedt (103: from Gross Barmen; 104, 105: from other springs in SWA). 106-108. Navicula 

brasiliana (Cleve) Cleve (specimens from syntype slide - Cleve & Moller No. 193). 109-113. Navicula sp. [affin. cincta (Ehrenberg) RalfsJ . 114. 
Navicula cohnii (Hilse) Lange-Bertalot & Bonik. Figures 77, 79, 87, 90, 93, 98, 100, 102- 105, 111- 113: OBF ilium. Figures 78, 80-86,88, 89 , 91, 
92, 95, 97, 99, 101 , 109, 114: BF ilium . Figures 94, 96, 106-108, 110: PH ilium. Bar scale = 10 jLm. 
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from his illustrations (Cholnoky 1966, p.184, figs 21, 22) 
and by reference to his original analysis sheets that 
Cholnoky identified the examples from slide No. SW A 33 
(see Figures 81,82,85,86) as G. clevei vaL javanicum Hus­
tedt (1937-38, p.441, p1.27, figs 6-13). On the other hand, 
although it is not specifically stated in his paper (Cholnoky 
op. cit. p.185), we believe by inference from his analysis 
sheets that Cholnoky assigned the larger examples of this 
series found in sample SW A 101 (e.g. Figure 90) to G. gra­

cile Ehrenberg. 

Having personally examined slides SW A 33 and SW A 
101, we are convinced that Cholnoky's choice of G. clevei 

vaL javanicum for specimens in this series is quite incor­
rect. However, in the past we would have had little hesita­
tion in agreeing with Cholnoky's identification of some of 
the valves in this series as G. gracile (see Schoeman et al. 
1984, p .198, figs 44--48). Nevertheless, in trying to clarify 
our concept of G. gracile by scrutinizing examples of this 
species on slides in the well-known slide collections of 
Cleve & Moller (1877-82), van Heurck (1884-87) and 
Tempere & Peragallo (1889-95), and by thoroughly sur­
veying the literature, we have been left with a very confused 
concept of G. gracile. Patrick & Reimer (1975, p.132) com­
mented that this species is highly variable in respect of di­
mensions and striae density, but is very consistent with re­
gard to the outline of the valve and poles, and the shape of 
the central and axial areas. Both Patrick & Reimer (op. cit. 
p1.17, figs 1-3) and Hustedt (1930, p.376, fig. 702) illu­
strate G. gracile as having narrowly lanceolate valves with 
acutely rounded poles. In contrast, the Gross Barmen 
specimens (Figures 81-92) are more or less distinctly 
rhomboid in outline and are usually slightly cymbelloid in 
shape. In this respect the Gross Barmen examples bear a 
greater resemblance to Hustedt's (1937-38, p.438, p1.28, 
figs 9-11) illustrations of G. gracile from Java, Bali and 
Sumatra. However, whether the latter are true repre­
sentatives of this species is difficult to say. In addition to 
differences in valve outline, it would appear from Patrick & 
Reimer's (op. cit.) description of G. gracile that the Gross 
Barmen specimens are relatively broader than would be ac­
ceptable for this taxon. 

Taking valve shape into consideration, our specimens 
agree more closely with G. affine Kiitzing (1844, p.86, 
p1.30, fig. 54) . An example of the latter from Kiitzing's 
type material from Trinidad (BM slide No. 18653) has 
been illustrated photographically by Germain & Ie Cohu 

(1981, p.168, pl.1, fig. 13). This valve shows an outline 
very similar to various examples from Gross Barmen . 
Striae counts of the Gross Barmen specimens (11-14 in 10 
/Lm) accord closely with those for G. affine (10-13 in 10 
/Lm), but some of our individuals are somewhat shorter 
(minimum length 21,0 /Lm) and the valves of even the lar­
gest specimens appear to be relatively narrower (breadth 
5,5-9,0 /Lm) than their counterparts in G. affine (breadth 
7,0-11 ,0/Lm ) . 

We also cannot equate our specimens from Gross Bar­
men with G. affine vaL insigne (Gregory) Andrews (1970, 
p.A.20, p1.3, figs 12-16) on account of the more widely 
spaced striae in the latter (6-9 in 10 /Lm). Striae density is 
ostensibly the only criterion separating the vaL insigne 

from G. affine, but even then Patrick & Reim'er (op. cit. 
p.134) claim to have found specimens of vaL insigne with 
10-12 striae in 10 /Lm. 

Another species to be taken into account here is G. 
amoenum Lange-Bertalot (in Krammer & Lange-Bertalot 
1985, p.42, p1.35, figs 1-{); pl.42, figs 7,8), which also falls 
into the ambit of the 'G. affine' group of taxa. The Gross 
Barmen specimens clearly resemble G. amoenum in valve 
shape, but have proportionately narrower valves than the 
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latter, and have a size range, which, although overlapping 
with that of G. amoenum, tends towards the smaller speci­
mens. Differences in their autecology may also provide 
grounds for separation. The Gross Barmen specimens were 
found in fairly saline water below a hot spring, whereas G. 
amoenum is apparently an alpine form from waters low in 
electrolytes. 

The difficulty experienced in confidently identifying the 
Gross Barmen specimens as anyone of the above-men­
tioned taxa has shown the great need for a thorough revi­
sion of the taxonomy of these closely related taxa. Until 
greater clarity is obtained in this regard, we prefer not to 
make a firm choice of name for the specimens, although 
from our present observations, we would be inclined to 
favour G. affine. 

Dimensions: length 21,0-55,5 /Lm; breadth 5,5-9,0 /Lm; 

transapical striae near the centre 11-14 in 10 /Lm and at the 
poles 16-20 in 10 /Lm. 

Samples: SWA 33, 101; G 90, 93. 

Gomphonema gracile Ehrenberg 

See: Gomphonema affine Kiitzing - G. gracile Ehrenberg 
complex. 

Gomphonema parvulum (Kutzing) Grunow 
(Figures 93-99) 

In an earlier paper, Schoeman et al. (1984, p.196, figs 27-34 
as 'G. gracile Ehrenberg - G. parvulum' complex) figured a 
series of forms from the vicinity of the Pretoria Salt Pan, 
which agree in dimensions and valve shape with the range 
of dimensions recorded for the Gross Barmen specimens 
(Figures 93--99) in this survey. However, for reasons similar 
to those expressed by Schoeman et al. (op. cit. p.197) we 
prefer to identify the Gross Barmen examples as G. par­

vulum. 

Dimensions: length 14,5-33,5 /Lm; breadth 4,5-5,5 /Lm; 

transapical striae 14-18 in 10 /Lm near the centre and 20-24 
in 10 /Lm at the poles. 

Samples: SW A 32, 33, 101. 

Gomphonema subclavatum (Grunow) Grunow 
(No figure) 

Cholnoky (1966, p.185 as G. longiceps vaL subclavatum) 

recorded this species from Gross Barmen in sample SW A 
101. We examined this slide but found no specimens which 
could be related to this species. We are therefore uncertain 
as to whether it is really present here. 

Sample: SWA 101 (?). 

Hantzschia amphioxys (Ehrenberg) Grunow 
(Figure 100) 

Hustedt 1930, p.394, fig. 747. 

The Gross Barmen specimens, which are small and 
relatively densely striated (24-30 in 10 fLm), do not fall 
within the range of 13--20 striae in 10 fLm cited by Hus­
tedt (op. cit.). However, Lund (1946, p.96, figs 13A-D, 
F) has shown that in this taxon a wide range in size, 
form and striation density (14-25 in 10 /Lm) exists. The 
smaller (21-36/Lm long) and more densely striated (24-28 
in 10 /Lm) valves recorded by Archibald (1983, p.128) are 
in agreement with our present observations. 

Dimensions: length 26,0-33,0 /Lm; breadth 6,0-7,5 /Lm; 

fibulae 6-9 in 10 /Lm; striae 24-30 in 10 /Lm. 

Samples: SW A 30, 32; G 92. 

Mastogloia el/iptica (Agard h) Cleve var. dansei 
(fhwaites) Cleve (Figures 101, 102) 

Hustedt 1930, p.217, fig. 318. 
Patrick & Reimer 1966, p.300, p1.20, figs 20-23. 
Archibald 1983, p.131. 
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Dimensions: length 32,0-47,0 /Lm; breadth 11,5-13,0 /Lm; 

transapical striae 15-16 in 10 /Lm near the centre and 16-18 
in 10 /Lm at the poles; striae puncta 12-20 in 10 /Lm; loculi 
8-9 in 10 /Lm. 

Samples: SW A 32, 33; G 93. 

Navicula brasiliana (Cleve) Cleve f. platensis 
(Frenguelli) Hustedt (Figure 103) 

Hustedt 1961-66, p.764, fig. 1737. 
Frenguelli in Frenguelli & Cordini 1937, p.96, text fig. 9c 
(as var. platens is Frenguelli). 

Cholnoky (1966, p.194, figs 53-55) recorded a number of 
specimens under the name Navicula platensis (Frenguelli) 
Cholnoky from Gross Barmen (sample SW A 101: see our 
Figure 103) and various other samples from springs in 
South West AfricalNamibia (e.g. Figures 104, 105). In an 
earlier paper on diatoms from Windhoek, Cholnoky 
(1963a, p.34, fig. 12) raised Frenguelli's (op. cit.) Navicula 

brasiliana var. platensis to the rank of species, basing his 
decision on Cleve's (1894, p.139) description of N. brasil­

iana and on comments made by Hustedt (1949, p.91, p1.5, 
figs 13-15). Unfortunately, it is obvious that, when 
Cholnoky and Hustedt wrote their respective accounts, 
neither had examined Cleve's type material of N. brasiliana 

(Cleve) Cleve (1881, p.4, pl.1, fig. 4 under Cymbella brasil­

iana; type slide Cleve & Moller 1877-82, No. 193). Had 
they done so, Cholnoky's criteria for differentiating the two 
taxa as distinct species would have been found to be 
groundless. 

Having examined numerous specimens (see Figures 
106-108) on Cleve & Moller's slide No. 193 (= NIWR 69/ 
1369), labelled as containing Cymbella(?) brasiliana Cleve 

[= Navicula brasiliana (Cleve) Cleve 1894, p.139], it is clear · 
that Cleve's (1881, p.4, pl.1, fig. 4) original diagnosis and 
illustrations were accurate in some respects, but not in 
others. These inaccuracies or omissions were partially cor­
rected in Cleve's (1894, p.139) later description, while 
further improvements were made subsequently by Hustedt 
(1961-66, p.764). An important inaccuracy in both of 
Cleve's descriptions was in the nature of the raphe or 
'median line' , which was described as being straight. The 
raphe branches in N. brasiliana from Cleve's type slide 
(Figures 106-108) are in fact somewhat curved. This com­
pletely negates Cholnoky's (1963a, p.34) first criterion for 
the elevation of the var. platensis to species level. In this 
respect the construction of the raphe in Cleve's N. brasil­

iana is identical to the Gross Barmen specimens (e.g. 
Figure 103) . The formation of the axial and central areas 
was Cholnoky's second criterion for separating the two 

taxa, but he did not elaborate further on this point. We can 
only assume that Cholnoky considered the narrow linear 
axial area, somewhat dilated at the central nodule, as Cleve 
(1894, p.139) described these areas, to be significantly dif­
ferent from the narrow lanceolate axial area expanded into 
an elongate elliptical central area described by Hustedt 
(1949, p.91) for the var. platensis. Again comparison of the 

Gross Barmen specimens (Figure 103) with N. brasiliana 

(Figures 106-108) revealed no differences between them. 
Finally, with no additional comment, Cholnoky merely 
claimed that differences in striae density constituted suf­
ficient grounds to separate them as species. From our ob­
servations of N. brasiliana in Cleve's material (Cleve & 
Moller slide No. 193) the striae density at the centre of the 
valve and at the poles agrees entirely with Hustedt's (1949, 
p.91) counts for the var. platensis. Furthermore, our counts 
of striae (20-22 in 10 /Lm) on the Cleve specimens, taken 
between the centre of the valve and the poles, tallies exactly 
with Cleve's (1881, 1894) observations. The striae counts 
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taken from the Gross Barmen and other South West 
AfricanlNamibian specimens conformed entirely with 
those of N. brasiliana. In summary therefore, using all 
Cholnoky's differentiating criteria, we were unable to find 
any to separate N. platensis (Gross Barmen examples) from 
N. brasiliana. Although this may be so, the Gross Barmen 
specimens are not identical in all respects with the type 
specimens of N. brasiliana. How then do they differ? In 
contrast to the broadly lanceolate valves of N. brasiliana 

which generally have slightly rostrate, subacute poles, the 
valves of the Gross Barmen specimens are linear-elliptical 
with relatively broad rostrate poles. In this respect they 
conform almost exactly to Frenguelli's (1937) description 
of the var . platens is. 

It is noteworthy that, in searching for better specimens to 
illustrate Cholnoky's concept of the forms designated by 
him as N. platensis, the variation in size and valve shape of 

specimens from different South West AfricanlNamibian 
samples was considerable, but all specimens were identical 
to N. brasiliana in raphe structure, shape of the axial and 
central areas, and in the structure and density of the trans­
apical striae. In sample SW A 72 (Cholnoky 1966, p.167) 
some exceptionally narrow valves (6,5-8,0 /Lm) were ob­
served (Figures 104, 105). At the other extreme, in sample 
SWA 97 from Windhoek (Cholnoky 1963a, p.29 = sample 
No.1; no specimen illustrated), we found some large 
linear-elliptical to linear forms with very broad scarcely 
rostrate poles. The shape of these valves places them closer 
to Frenguelli's taxon. However, since it appears that the 
only features distinguishing the typical N. brasiliana from 
the Gross Barmen and other South West African! 
Namibian examples are valve shape and, for some speci­
mens, the proportionately narrower valves, we prefer to 
follow Hustedt's taxonomic ranking of forma for Fren­
guelli 's taxon. We therefore designate the specimens from 
Gross Barmen as N. brasiliana f. platensis . 

Dimensions: Under this heading we first record the di­
mensions of the Gross Barmen specimens, and then, for 
comparative purposes, we present the range in dimensions 
for examples of N. brasiliana observed on Cleve & Moller's 
slide No. 193. 
f. platensis from Gross Barmen: length 42,0-49 ,0 /Lm; 

breadth 10,0-11 ,0 /Lm; transapical striae near the centre 22 
in 10 /Lm, more widely spaced at the centre, and 24 in 10 /Lm 

at the poles. 
N. brasiliana (Cleve) Cleve (type material): length 
28,0-55 ,0 /Lm; breadth 9,5-13 ,0 /Lm ; trans apical striae 
20-22 in 10 /Lm near the centre, more widely spaced at the 
centre , and 24 in 10 /Lm at the poles. 

Samples: SW A 101. 

Navicula sp. [affin. cincta (Ehrenberg) Ralfs] 
(Figures 109-113) 

Identification of the taxon illustrated in Figures 109-113 is 
extremely difficult, and we have not been able to place it 
with certainty in any taxon known to us . We do, however, 
believe that it should be associated with Navicula cincta 

(Ehrenberg) Ralfs , which is itself a taxon needing clarifica­
tion with regard to its precise identity. The true concept of 
N. cincta has been the subject of recent discussion since it is 
one of the most difficult taxa in the genus Navicula to iden­
tify correctly. Carter (1979, pis 1-3) re-examined various 
slides supposedly containing N. cincta or its varieties, 
including material from Franzenbad, which may be a part 
of Ehrenberg'S original sample, and drew a series of valves 
to illustrate the forms present. Lange-Bertalot (1980b, 
p.37, p1.7, figs 1-19 as N. cari var. cincta) supplemented 
Carter's illustration of examples from Franzenbad with a 
series of photographs from the same material. 












































