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riophyta) from tropical and sub—tropical Africa
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Abstract: In this paper we describe Navicula nielsfogedii sp. nov., a commonly occurring diatom through
central and southern Africa and distributed from the sub-tropical zones of South Africa to tropical central
Africa. We have examined the material of the most closely related species described from Africa, Navicula
feuerbornii f. africana FoGep and suggest that this species may be conspecific with Navicula heimansioides
LaNGE-BERTALOT and to have no link to the taxon N. feuerbornii HusTEDT sensu SiMoNseN. With reference to
Navicula feuerbornii f. africana we also discuss the changes over time in diatom species concepts, what we
have dubbed ‘species concept drift’, and the consequences this holds for accurately identifying diatom taxa. As
the newly described species is widely distributed and common in some samples from tropical and subtropical
Africa we conclude that it may be a useful additional indicator organism for water quality monitoring in the
region.
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INTRODUCTION

Navicula Bory sensu lato was considered for the ma-
jority of the 20" century as a large genus into which
many biraphid diatoms with bi-lateral symmetry
around the transapical axis could be placed. In the last
two decades an increasing number of taxa have been
split from Navicula and placed in new genera (e.g., Ge-
issleria LANGE—BERTALOT et METZELTIN), or re—ascribed
to previously described genera (e.g., Placoneis MERE-
SCHOWSKY, Sellaphora MERESCHOWSKY) and the concept
of Navicula as a genus has been restricted to Navicula
sect. lineolatae (RounD et al. 1990). Even with this re-
stricted delimitation Navicula sensu stricto remains a
source of taxonomic and nomenclatural confusion (e.g.,
the various names and combinations of species such as
Navicula symmetrica R. M. Patrick and N. schroeteri
F. MEIsTER). As with all diatom species, the naviculoid
diatoms undergo what may be termed as ‘species con-
cept drift’. By this we mean that the original concept of
the taxon established by the describing author becomes
misinterpreted and changes over time, possibly due to
the difficulty of interpreting line drawings. Often the

species concept may also not have been made entirely
clear by the author, for example N. feuerbornii Hus-
TEDT (see discussion). For this reason many workers in
the field of diatom studies are now referring directly
to type materials in order to reduce taxonomic and no-
menclatural confusion. In and of itself taxonomic and
nomenclatural accuracy is important, however, when
the diatoms are being used for water quality monito-
ring studies it is important that the names be applied to
taxa in a consistent manner, this is especially true for
taxa which dominate diatom assemblages.

Recent work in the field of biomonitoring and
water quality studies in tropical and sub—tropical Af-
rica have brought to light many such instances which
have proved a major hindrance in the successful appli-
cation of biomonitoring techniques, based on diatoms,
in Aftrica. In this paper we describe and discuss the
distribution of Navicula nielsfogedii sp. nov. This is a
rather commonly occurring taxon across sub—tropical
and tropical Africa and has been found to dominate
diatom assemblages in the Democratic Republic of the
Congo (DRC) and thus accurate delimitation of this ta-
XOn is necessary.
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MATERIALS AND METHODS

The sample (CCA 2071) containing Navicula nielsfogedii
spec. nov. was obtained from wood substratum in the Loma-
mi River at 0.49339° N and 24.19960° E, Tshopo Province
(part of the formerly Oriental Province), Democratic Repub-
lic of the Congo by Francois Darchambeau and Ernest Tam-
bwe on 24 November 2012. The sample was fixed in situ in
a 20% v.v. final concentration ethanol solution. Diatom sam-
ples for LM and SEM observations were prepared by oxidi-
zing the material using 37% H,0, and heated to 100 °C for 1
to 2 hours. Following digestion the material was rinsed with
distilled water. A subsample from the organic—free material
was mounted in Naphrax® to obtain permanent diatom slides.
Some physical parameters (temperature, conductivity and
pH) were measured in situ with an YSI ProPlus multiprobe
field meter equipped with a pH sensor 1001 ProSeries. Sam-
ples from nutrient analyses (NH,, NO,, NO, and SRP) were
filtered and acidified in situ, and kept frozen until spectro-
photometric analysis in the laboratory of the Unité d’Océ-
anographie Chimique, Département d’Astrophysique, Géo-
physique et Océanographie, University of Li¢ge, Belgium.

The type slide of Navicula feuerbornii f. africana Fo-
GED (FoGeD 1966, Ghana No. 119/1961) was obtained from
the Museum Botanicum Hauniense, Copenhagen, Denmark.

Light microscope (LM) images were collected using
a Olympus BX 51 microscope and a Nikon 80i microscope
equipped with differential interference contrast optics and
100% 1.4 N.A. oil immersion objective. LM micrographs
were taken with a UC30 digital camera at the Botanic Garden
Meise, and a Nikon DS Fil at the North—West University.
The striae density and valve size were determined based on
measurements of 70 valves.

For scanning electron microscopy (SEM), parts of
the oxidized material was rinsed with additional deionized
water and isolated with micropipette on 6X6 mm cover slip.
Cover slips were mounted on aluminium stubs and coated
with osmium by OPC 40A osmium plasma coater (Fil-
gen, Nagoya, Japan). A field emission scanning electron
microscope S—8020 (Hitachi, Tokyo, Japan) operated at 5 kV
and 8 or 12 mm working distance was used for the analysis.
The terminology used is that outlined in ANoNYMoUSs (1975)
and Ross et al. (1979).

RESuULTS

Navicula nielsfogedii J.C. Taylor et Cocquyt sp. nov.
(Figs 1-22, 34-51)

Description

Light Microscopy (Figs 1-22): Valves linear—elliptic
to linear lanceolate with cuneate, more or less obtu-
sely rounded, slightly protracted ends, length 22—43
pm, width 5.3-6.7 um. Raphe filiform, central raphe
endings close, both deflected to the primary side, to
which the asymmetrically enlarged central nodule is
also directed. Axial area very narrow; central area va-
rying from rounded to elliptic, more or less lanceolate
expanded on the secondary side and thus distinctly asy-
mmetric. Striae radiate in the central area, becoming

parallel round the Voigt discordance and finally con-
vergent towards the apices, 16—18 in 10 um. Areolae
comparatively dense, not possible to resolve in LM.

Scanning Electron Microscopy (Figs 34-51): Ex-
ternally the raphe distinctly curved and central ra-
phe endings deflected slightly to the primary side. A
small structure, described as a silicate tongue in other
Navicula taxa (Lange—Bertalot 2001) is present and
appears to split the slightly expanded drop shaped cen-
tral pores (Fig. 35-37) (cf. Navicula tripunctata (O.
F. Miiller) Bory, N. jakovljevicii Hustedt). However
when this structure is examined more closely (Fig. 37)
it becomes clear that it is a thin twisted bar of silica
that extends down through the width of the cell wall
and links the two sides of the central pore. Thus the
structure cannot be accurately termed a silica tongue as
it is linked at two locations. Axial area externally not
thickened into a sternum. Voigt discordance clearly vi-
sible on the secondary side (Figs 34, 40). The stria clo-
sest to the apices consists of only a single areola from
which a diagonal transapical slit extends giving the
stria an inverted V—shape (Figs 38-39). A number of
suture—like structures, similar to cranial sutures, (Figs
46-48) run from the raphe to the junction of the val-
ve face and valve mantle on the external surface over
the virgae (Figs 34-35), but not continuing on the val-
ve mantle. These suture—like structures are dispersed
from the central area up to the apices and are present in
all of the geographically separate populations exami-
ned (DRC, Zambia and South Africa). Such structures
were not reported in other diatoms and their value as
taxonomic characteristics is unknown. Externally and
internally the transapical striae are clearly broader than
the virgae. Perforate hymenes occlude the areolae on
the inside of the valve (Fig. 45), 40 areolae in 10 pm.
The raphe sternum and additional rib are comparati-
vely narrow (Figs 40—42). The raphe turns to a lateral
position just behind the central nodule and up to the
helictoglossae (Figs 43—44) (cf. N. capitatoradiata H.
Germain and N. arkona Lange—Bertalot et Witkowski).
Copulae are open without any perforation or ornamen-
tation (Figs 49-51). Valvocopulae consist of a longer
band and complementary short band restricted to the
pole.

Holotype (designated here): slide BR 4397 from sam-
ple CCA 2071, Botanic Garden Meise, Belgium (BR).
The valve representing the holotype is here illustrated
in Figure 4.

Isotypes (designated here): slide PUC-13-572 from
sample CCA 2071, South African Diatom Collecti-
on housed at North—West University, Potchefstroom,
South Africa; slide ZU 10/29 from sample CCA 2071,
Diatom Collection, Alfred—Wegener—Institue fiir Po-
lar— und Meeresforschung, Bremerhaven, Germany
(BRM).

Type locality: Lomami River, a major tributary of
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the Congo River downstream Kisangani, Tshopo Pro-
vince (part of the formerly Oriental Province), DRC.
0.49339° N and 24.19960° E

Etymology: The specific epithet honours the diatomist
Niels Foged for his contribution to the knowledge of
the diatom flora of Africa.

Ecology and Distribution: This taxon occurs co-
mmonly throughout the tropics and sub—tropics of
southern and central Africa in freshwater rivers and
streams. In general it occurs in slightly acidic to cir-
cumneutral, oligo— to mesotrophic waters with mode-
rate conductivity. The type locality had the following
characteristics at the time of collection: temperature
of 25.7 °C, pH of 6.06, conductivity of 12.2 uS.cm™',
0.06 mg.I"" NH,, 0.009 mg.I'" NO,, 0.45 mg.I"' NO,,
and 0.09 mg.I"! SRP.

DiscussioN

Taxonomic comments

Navicula nielsfogedii is at the first sight close to or
similar to a number of previously described taxa. Na-
vicula leptostriata E. G. JORGENSEN (JORGENSEN 1948)
overlaps N. nielsfogedii in terms of length (25-35 um
long), but is narrower (4.5-5.5 pm broad as opposed
to 5.3—6.7 um). The main difference lies in the central
pores of N. leptostriata which are very closely placed
and distinct. Navicula notha J. H. WaLLACE (WALLACE
1960) also overlaps with N. nielsfogedii in terms of
length (19-32 pum) but is generally narrower (breadth
4-5.5 um). N. notha may be also slightly coarser in
striation and areolation (15-17 in 10 pm and c. 38 in 10
pm respectively). In addition, the smaller central area
as well as the shape of the valve separates it from M.
nielsfogedii. Navicula heimansioides LANGE-BERTALOT
(LanGge-BEerTALOT 1993) differs by having less striae
(14-16 in 10 pm), a lower number of areolae (32-35
in 10 um) and different shaped valve endings. N. hei-
mansioides was identified in Sierra Leone by CARTER
(1982) as N. feuerbornii. Navicula feuerbornii sensu
SiMONSEN (1987) has abruptly rounded ends, is 33—46
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pm long and 6-7 pum broad. The striae in the centre
are slightly radial (never bent as in N. nielsfogedii) to
weakly convergent near the apices, 10 in 10 um in the
centre to 14 in 10 um towards the ends. Areolae are
clearly visible, and it inhabits alkaline waters. None
of the above taxa possess a silica structure (‘appears
superficially as a tongue’) in the central pores as does
Navicula nielsfogedii.

Taxonomic remarks on Navicula feuerbornii f.
africana

Based on studies of the type material of Navicula feu-
erbornii f. africana (Figs 23-33, taken from the type
slide Ghana No 119/1961) we would suggest that this
species may be conspecific with Navicula heiman-
sioides. The name Navicula feuerbornii f. africana
indicates a link to N. feuerbornii. As discussed below
this form has little relation to the species N. fuerbornii
sensu HustepT. We postulate that Navicula feuerbornii
f. africana and Navicula heimansioides may be con-
specific based on our examination of the type material
of N. feuerbornii f. africana. We measured 27 cells on
the type slide of N. feuerbornii f. africana from Ghana
and found that the populations of N. heimansioides dis-
cussed by LANGE-BERTALOT (2002) overlap in respect
to length, breadth and number of striae (see Table 1)
as well as in the shape of the valve apex. The cells we
measured on the type slide differed in one respect from
Focep’s initial description; he stated that the cells had
15 striae in 10 um but his drawing shows a valve with
17 striae in 10 pm. Our measurements of cells from
the type population also show an average of 17 striae
in 10 pm.

Species concept drift

When diatoms were first systematically studied and
documented, a brief description was accompanied by
an often minute drawing (e.g. Kutzing 1844). These
drawings were also made from freshly collected ma-
terial or material dried to thin sheets of mica. Sur-
prisingly, despite this some species concepts remain
remarkably stable (see discussion in TayLor & Coc-
Quyt 2015). However, other concepts can prove to be
far less stable, especially when the original author of

Table 1. Morphometric data on the studied population from LANGE-BErTALOT (2002), Ghana (119/1961) and DR Congo (CCA 2071).

Taxon Number of  Valve length (L) Valve L:B ratio  Striae
cells (pm) breadth (B) in10pm
measured (pm)

Navicula heimansioides unknown 30-50 5-6 6.9 14-16

(LANGE-BErTALOT 2002)

Navicula feuerbornii f. africana 27 40-50 5.3-6.3 7.4 16-17

(Focep type Ghana No. 119/1961)

Navicula nielsfogedii sp. nov. 70 23-43 5.5-6.7 5.4 17-18

(DRC population CCA 2071)
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Figs 34-39. SEM of type material of Navicula nielsfogedii from sample CCA2071: (34) external view of complete valve; (35-37) valve exte-
rior showing detail of the central area and proximal raphe endings, note the structure previously known as a silica tongue in Fig. (37); (38-39)
valve apices showing distal raphe endings. Scale bar 10 pm (34), 2 um (35, 38, 39), 1 um (36), 0.5 um (37).

the taxon did not provide a clear species concept. As
diatom studies advanced, these organisms were docu-
mented, again mostly with drawings, but from cleaned
material mounted in media with a high refractive in-
dex allowing the morphology of the cell walls to be
better observed, and such drawings are often open to
interpretation. When photo—microscopy became more
accessible and commonly used species concepts could
be more firmly established. Added to this, the rules for
botanical nomenclature changed in 1958 (McNEILL
et al. 2012) necessitating the description of a species
from a single specimen (in the case of diatoms this is
a type slide) allowing less room for error in interpreta-
tion of the original author’s concept by later workers.

Drawings of cells are open to interpretation and shifts
come about as one author identifies what he assumes
to be a previously described taxon and then he in turn
illustrates this taxon himself (his own concept). This
new illustration may be more readily available to the
scientific community than the original, which often
dated from the mid—1800s, and so if the concepts of
the species are different the newer illustration may
take precedence simply because of the availability of
the newer literature. This has been in particular true
for Africa, as literature, even now with the availabil-
ity of electronic resources, is difficult to obtain locally.
With drawings as illustrations, and even photographs,
these subtle shifts can occur several times distancing
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Figs 40-45. SEM of type material of Navicula nielsfogedii from sample CCA2071: (40) internal view of complete valve; (41-42) valve interior
showing detail of the central area and proximal raphe endings, note the unilateral thickening of the central nodule; (43—44) valve apices show-
ing internal distal raphe endings and helictoglossae; (45) detail of the internal occlusion of the areolae by perforated hymenes. Scale bar 10 um

(40), 1 pm (42-44), 0.5 pm (45).

the species far from its original concept and perhaps
even from the generic classification (see also in Mo-
RALEs et al. 2013). As mentioned before, with the publi-
cation of photographic floras, species concepts became
more stable but these stable concepts may still have
been based on earlier misinterpretation. There have
been several attempts to remedy this problem. ScHOE-
MAN AND ARCHIBALD (1976-1980) set about describing
in detail the diatom flora (both ubiquitous and endem-
ic) of South Africa by checking the type slide of each
species they discussed, collecting together the original
drawings, light microscope and electron microscope
images. Unfortunately for a number of reasons this

work was discontinued. Recently however, there has
been a resurgence within the diatom community of the
notion that we cannot accurately describe and discuss
the ecology of taxa without referring to the type mate-
rial (e.g. TavLor & CocqQuyT 2015; WETZEL et al. 2013;
MoraLEs et al. 2013). A very good example of such
taxonomic confusion may be found in Navicula feuer-
bornii. This species was originally described from Java
by HusteDT (1938) from two discrete populations com-
prising drawings of valves of each population without
stipulating which was the type. From the drawings and
from the later photographs of the type (StMoNSEN 1987)
it can be clearly seen that the two populations were
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Figs 46-51. SEM of type material of Navicula nielsfogedii from sample CCA2071: (46-48) external view of valve showing suture like struc-
tures; (49-51) structure of the copulae, long bands shown in Fig. (49) and (51), and complimentary short band in Fig. (50). Scale bar 0.5 um
(46-48), 2 um (49-51).

comprised of distinct taxa with several distinct valve
features (these will not be further discussed as it is not
the purpose of the present paper to resolve this issue).
In this case the author himself had a broad concept of
his own species, making it more difficult for other later
workers to define theirs (cf. Nitzschia epiphyticoides
HustepT, CocquyT et al. 2012). Fogep in his work on
the diatoms of Ghana (FoGep 1966) illustrates N. feu-
erbornii and also describes a new forma of this taxon
N. feuerbornii f. africana. (Foged accidentaly listed his
taxon as N. feuerbornii var. africana on page 156 in
his ‘Index to species’.) However, if we compare the
type of N. feuerbornii HusTeDT, even though the con-

cept is broad, there is still only a small similarity to N.
feuerbornii as illustrated by Focep. This would not be
too problematic but FoGep then goes on to describe a
forma of this taxon, of which he has his own concept,
so the resulting situation is the description of a forma
which in reality has nothing to do with the true nomi-
nate species sensu HUSTEDT and thus taxonomic con-
fusion reigns. This is especially problematic when the
taxon in question is common and widespread through
the study region.
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