Phytotaxa 418 (1): 042-056 ISSN 1179-3155 (print edition)

https://www.mapress.com/j/pt/ Q t' l PHYTOTAXA P

Copyright © 2019 Magnolia Press r lc e ISSN 1179-3163 (online edition)
https://doi.org/10.11646/phytotaxa.418.1.2

Sabbea gen. nov., a new diatom genus (Bacillariophyta) from continental
Antarctica

JORDAN BISHOP', KATERINA KOPALOVA'2 JOSHUA P. DARLING?, NICHOLAS O. SCHULTE?, TYLER
J. KOHLER®, ANDREW MCMINN*, SARAH A. SPAULDING*?, DIANE M. MCKNIGHT? & BART VAN DE

VIJVER?¢

!Department of Ecology, Faculty of Science, Charles University, Prague, Czech Republic

Section of Plant Ecology, Institute of Botany, Academy of Sciences of the Czech Republic, Trebon, Czech Republic
3Institute of Arctic and Alpine Research, University of Colorado, 4001 Discovery Drive, Boulder, CO 80303, USA
Institute for Marine and Antarctic Studies, University of Tasmania, Hobart, TAS, Australia

’Meise Botanic Garden, Research Department, Nieuwelaan 38, B—1860 Meise, Belgium

*University of Antwerp, Department of Biology, ECOBE, Universiteitsplein 1, B-2610 Wilrijk, Antwerpen, Belgium
Corresponding author: bart.vandevijver@plantentuinmeise.be

Abstract

The non-marine diatom flora of the Antarctic Continent includes several endemic taxa recorded over the past 100 years. One
of these taxa, Navicula adminensis D.Roberts & McMinn, was described from the Vestfold Hills, East Antarctica. Detailed
light and scanning electron microscopy observations have shown that based on its morphological features, the species does
not belong to the genus Navicula sensu stricto. To determine the most closely related genera to N. adminensis, the morpho-
logical features of Adlafia, Kobayasiella, Envekadea, Stenoneis, Berkeleya, Climaconeis, and Parlibellus were compared
with those of N. adminensis. Although each of these genera shows one or more similar features, none of them accommodates
the salient morphological characteristics of N. adminensis. Therefore, a new genus, Sabbea gen. nov., is herein described,
and Navicula adminensis is formally transferred to the new genus as Sabbea adminensis comb. nov. The genus Sabbea is
characterized by uniseriate striae composed of small, rounded areolae occluded externally by individual hymenes, a rather
simple raphe structure with straight, short proximal ends and short terminal raphe fissures, open girdle bands with double
perforation and a very shallow mantle.
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Introduction

At the beginning of the 20" century, British, Belgian, Danish, and German expeditions into the Antarctic provided the
world with the first glimpses of diatoms from continental Antarctica (Holmboe 1902, Van Heurck 1909, West & West
1911, Fritsch 1912, 1917, Carlson 1913, Brown 1920). These primary works were later expanded upon by other authors,
whom either examined intraspecific variation within a selection of these pennate diatoms (such as Kobayashi 1963,
1965), or published detailed floras of particular regions (e.g., Fukushima 1963, 1966, Cremer et al. 2003). Yet, many of
these reported diatoms were still identified as European or cosmopolitan taxa. In 2002, Kellogg and Kellogg compiled
a list of all non-marine diatom records within the Antarctic Region based on data reported in over 300 publications,
and found the majority belonged to cosmopolitan taxa. Given that recent taxonomic revisions of the diatom flora
from the sub-Antarctic islands and the Maritime Antarctic Region have indicated that the cosmopolitan nature of non-
marine Antarctic diatoms is overestimated (Van de Vijver ef al. 2002, Zidarova et al. 2016, and references therein) and
originates as a result of ‘force-fitting” species into American or European names (Jones 1996, Tyler 1996, Sabbe et al.
2003), it is likely that the same holds true for diatoms of the Antarctic continental Region as well.

Many more recent works have revealed new diatom species endemic to continental Antarctica which have been
historically overlooked or misidentified as cosmopolitan/European taxa. For example, Esposito et al. (2008) described
four new species from the McMurdo Dry Valleys, and Van de Vijver et al. (2012) described Luticola pseudomurrayi
Van de Vijver & Tavernier in Van de Vijver et al. (2012: 164) and Chamaepinnularia gibsonii Van de Vijver in Van de
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Vijver et al. (2012: 166) from the Bunger Hills and Liitzow Holm Bay, both situated in East Antarctica. Revisions of
problematic genera have also been treated, as in the case of Muelleria (Frenguelli 1924: 256) Frenguelli (1945: 172,
Spaulding & Stoermer 1997, Spaulding ef al. 1999, Van de Vijver et al. 2010), Nitzschia Hassall (1845: 435, Hamsher
et al. 2016), Halamphora (Cleve 1895: 117) Levkov (2009: 165, Van de Vijver et al. 2014), and Luticola D.G.Mann
in Round et al. (1990: 670, Kohler et al. 2015). These studies collectively suggest that the endemic diversity of
continental Antarctica is similarly underestimated with more species awaiting description, bringing results in line with
those observed for the Maritime Antarctic and Sub-Antarctic Islands.

Despite this recent progress, problematic taxa still remain in areas of high scientific significance, such as the
McMurdo Sound Region and the Vestfold Hills of East Antarctica. In 1911, W. and G.S. West reported a small diatom
species they identified as Navicula perlepida Grunow (1884: 474) from the lakes at Cape Royds, Ross Island. However,
it was not illustrated, and given the only modest written description, it is difficult to say for certain what diatom they
saw in their microscope. Despite this, a diatom presumed to be the same species is still reported from Ross Island
(Sakaeva et al. 2016) and the adjacent McMurdo Dry Valleys (Whittaker et al. 2008) in modern times and is known
to be accommodated by the wrong genus, though the correct one remains in doubt (Esposito ez al. 2008). Across
the continent, Roberts & McMinn, in a series of publications, analyzed the diatom flora from the saline lakes of the
Vestfold Hills, developed transfer functions for salinity, and described two Navicula species (Roberts & McMinn 1999
and references therein). One of these, N. adminii D.Roberts & McMinn (1999: 27), was described from the sediments
of Lake Admin (Vestfold Hills). The species is characterized by lightly silicified valves, a simple raphe system and
an extremely fine striation pattern not discernible in light microscopy (LM). The description of the new species was
accompanied by several scanning electron microscopy (SEM) observations, showing a strong similarity to those later
published in Esposito ez al. (2008) from McMurdo Sound. Given that this taxon is distributed in regions of particular
scientific interest, as well as its potential historic and ecological indicator value, we here investigate the taxonomic
placement and ecology of this Navicula s.l. species. As a first step, Van de Vijver & Kusber (2018) corrected the
erroneous typification (holotype and isotype originating from different lakes) and changed the name to N. adminensis
(Van de Vijver & Kusber 2018: 1). In this work, a re-analysis of the type material of Roberts & McMinn (1999) under
LM (and in combination with their published SEM pictures), together with new and published SEM observations from
Ross Island and the McMurdo Dry Valleys, has resulted in new observational data on N. adminensis that challenge its
placement within the genus Navicula Bory (1822: 128) as it was redefined by Cox (1979). Since the combination of
morphological features observed in N. adminensis is unique and is not found in any described genus worldwide, a new
genus, Sabbea Van de Vijver, Bishop & Kopalova gen. nov., is proposed for this species.

Materials & Methods

Site descriptions
Samples from the Vestfold Hills and the McMurdo Sound Region of the Antarctic Continent were investigated in the
present study. Table 1 lists all samples with some measured physico-chemical data.

The Vestfold Hills (68°25°-68°40°’S, 77°50°-78°35°E) form an ice-free area along the Ingrid Christensen Coast,
Princess Elizabeth Land, eastern Antarctica. The Vestfold Hills contain over 300 lakes, ranging in salinity from fresh
to hypersaline, across an area of 400 km? (Roberts & McMinn 1999). They display a marked influence from the sea,
and consequently salinity and silicate appear to structure the diatom flora (Roberts & McMinn, 1996). In a study of the
Vestfold Hills lakes Roberts & McMinn (1999) reported on samples collected from surface sediments (0—2cm) from
the deepest point of the lakes (n=33). Admin Lake, which has a maximum depth of 6 m, is located at an elevation of
nearly 9 m above sea level (Roberts & McMinn 1999, Gibson 1999). Sediment sub-samples were then prepared in
triplicate for diatom analysis. One of the sets of replicate microscope slides (n=30) was used in the current analysis.
From these, slide “AD-3”, from Admin lake was used to examine the population of N. adminensis from the type
locality. Unfortunately, the original material, as well as the first and second replicate slide collections, no longer
remain (A. McMinn, pers. comm.), which means that the holotype slide is lost and therefore, a lectotype slide must be
designated (Turland et al. 2018, article 9.3).

The McMurdo Sound Region is located in Victoria Land, East Antarctica, and includes the area between the
Transantarctic Mountains and the Ross Sea. Ross Island is 2,460 km? in area and surrounded by the Ross Sea and
McMurdo Sound. Cape Royds, situated on western Ross Island, is an ice-free, coastal area (~13 km?) between Mt.
Erebus and the Ross Sea. Five permanent, generally ice-covered lakes are found at Cape Royds along with more than
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10 ephemeral ponds. Of these, Blue Lake, which is the farthest from the sea, is characterized by north (0.4 km?) and
south (0.6 km?) lobes. Benthic mat samples and water chemistry from Cape Royds lakes were collected in January
2013 (Sakaeva et al. 2016) as part of the McMurdo Dry Valleys Long-Term Ecological Research (MCM LTER)
project. From the aforementioned data, 3 benthic mat populations from 2 lakes on Cape Royds were investigated: 2
from Clear Lake (INSTAAR, Univ. of Colorado accession numbers : 2462 & 2464) and 1 from Blue Lake (north lobe)
(INSTAAR, Univ. of Colorado accession number: 2488).

The McMurdo Dry Valleys (~4,800 km?) is the largest ice-free region of Antarctica. In Taylor Valley, Lake Fryxell
(7.8 km?) is 6.5 km inland from McMurdo Sound, up to 20 m deep, fed by glacial meltwater, and is ice-covered year-
round, with near-shore “moat” regions becoming ice-free during the summer. Three samples originated from the F2
core from Lake Fryxell (INSTAAR, Univ. of Colorado accession numbers: 259, 364, and 390, respectively), analyzed
by Whitaker et al. (2008) for inferring Holocene lake levels in Lake Fryxell. Furthermore, Esposito et al. (2008)
examined 2 diatom specimens (INSTAAR, Univ. of Colorado accession numbers: 364 and 390, respectively), under
both LM and SEM, in an effort to describe the diatom flora of the McMurdo Dry Valleys.

Sample preparation and analyses
Blue lake (INSTAAR, Univ. of Colorado accession number: 2488) and Clear Lake (INSTAAR, Univ. of Colorado
accession numbers: 2462 and 2464) samples were prepared for LM observation following the method described in
van der Werff (1955). Small parts of the sample were cleaned by adding 37% H,O, and heating to 80°C for about 1h.
The reaction was completed by addition of KMnO,. Following digestion and centrifugation (three times 10 minutes at
3,700 x g), cleaned material was diluted with distilled water to avoid excessive concentrations of diatom valves on the
slides. Cleaned diatom material was mounted in Naphrax®. The slides were analyzed using an Olympus BX53 bright
field microscope and the Olympus UC30 Imaging System. Samples and slides are stored at the BR-collection (Botanic
Garden Meise, Belgium). For SEM analyses, specifically the Blue Lake samples, parts of the oxidized suspensions
were filtered through a 1-pm Isopore™ polycarbonate membrane filter (Merck Millipore). The stubs were sputter-
coated with a Gold-Palladium layer of 20 nm and studied on a ZEISS Ultra SEM microscope at 3 kV (Natural History
Museum London, UK).

Diatom terminology follows Ross et al. (1979) (stria/areola structure) and Round et al. (1990) (raphe structure).
The morphology of the new genus was compared with the ultrastructure of similar genera described worldwide:
Adlafia Lange-Bertalot in Moser et al. (1998: 87) (Moser et al. 1998, Lange-Bertalot 2001), Navicula, Kobayasiella
Lange-Bertalot in Lange-Bertalot & Genkal (1999: 272) (Lange-Bertalot 1996, 1999) Envekadea Van de Vijver et al.
in Gligora et al. (2009: 136) (Gligora et al. 2009), Climaconeis Grunow (1862: 107) (Cox 1982, Prasad et al. 2000,
Prasad 2003), Berkeleya Greville (1827: 294) (Cox 1975), Stenoneis Cleve (1894: 123) (Poulin 1990) and Parlibellus
E.J.Cox (1988: 19) (Cox 1988).

Results

Navicula adminensis D.Roberts et McMinn in Van de Vijver ef Kusber (2018) (Figs 1-29)
Replaced name: Navicula adminii D.Roberts & McMinn (1999)

LM (Figs 1-20):—Valves very weakly silicified, often not well-visible in LM. Valves linear-lanceolate with rhombic-
convex margins and protracted, broadly rounded, often weakly subcapitate apices. Longer specimens usually with
more elongated apices. Valve dimensions from the type population at Admin Lake within the Vestfold Hills: (n=50):
length 14-30 um, width 2-3 pm. Raphe-sternum clearly visible with the raphe positioned in the middle of the sternum.
Proximal raphe ends hardly visible. Transapical striae not discernible in LM. SEM (Figs 21-29):—Frustules very thin.
Girdle composed of several, open copulae, each with a double row of rounded to transapically elongated poroids (Figs
21, 22). Striae parallel to very weakly radiate throughout, composed of very small, rounded areolae, 70—80 in 10 pm
(Figs 21, 24). Striae continuing without interruption from valve face onto a very shallow mantle. Around the apices,
short striae composed of 1-2 areolae continuing without interruption (Fig. 26). Areolae, ca. 110 in 10 um, covered
externally by small hymenes (Fig. 23). When eroded, areolae showing a relatively large range in pore diameter (Fig.
25). External raphe branches straight, located on a weakly thickened raphe-sternum. On both sides of the raphe-
sternum forming very weakly raised ribs (Figs 25, 26). Proximal raphe ends close to each other, straight, simple (Fig.
25). Terminal raphe fissures absent (Fig. 26). Internally, raphe fissures running on a raised raphe-sternum (Fig. 27).
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Proximal raphe ends straight, simple (Fig. 28). Distal raphe ends terminating in very weakly developed helictoglossae
(Fig. 29). Virgae usually broader than the striae (Fig. 28).

& »

FIGURES 1-20. Sabbea adminensis (D.Roberts & McMinn) Van de Vijver, Bishop & Kopalova nov. comb. All valves were imaged from
the Vestfold Hills type population on slide “AD-3”. LM photographs of valves in diminishing size range. Scale bar represents 10 pm.

Remarks:—Three benthic mat populations from 2 lakes on Cape Royds were investigated: two from Clear Lake
and one from Blue Lake. Table 2 shows valve length and valve width ranges for the investigated populations. From
Clear Lake, (INSTAAR, Univ. of Colorado accession 2462) (n = 20) valve length ranged from 19.7 to 25.9 um (x =23
+ 2 um) and mid-breadth from 2.0 to 3.1 pm (X = 2.8 + 0.3 um), and (INSTAAR, Univ. of Colorado accession 2464)
(n = 18) valve length ranged from 17.5 to 24 pm (X =20 + 1.6 um) and mid-breadth from 2.1 to 3.1 um (average 2.5 +
0.3 um). Valve dimensions from a benthic mat population from Blue Lake (north lobe), INSTAAR, Univ. of Colorado
accession 2488) (n = 21), ranged from valve length 18.0 to 26.6 um (average 20.8 + 2.6 um) and mid-breadth from
2.6 t0 3.9 um (average 3.2 = 0.4 um). Three sediment core sections taken from Lake Fryxell within the McMurdo Dry
Valleys were investigated: 16 cm and 50 cm deep from a 170 cm core and 111 cm deep from a 175 cm core. At 16 cm
(Accession 3559, n=10), valve length measured 13.8-23.4 um (X = 17 £ 3.4 um) and mid-breadth measured 2.4-3.2
pm (X= 2.7 £ 0.3 um). At 50 cm (Accession 364, n=20), valve length measured 9.7-19.4 pm (x = 14 + 2.8 pm) and
mid-breadth measured 2.2-3.1 um (X = 2.6 + 0.3 um). At 111 cm (Accession 390, n=12), valve length measured
10.0-23.7 um (X= 14 £ 3.8 um) and mid-breadth measured 1.9 — 3.6 ym (X=2.6 + 0.4 pm).

TABLE 2. Habitat conditions and population morphometrics for examined populations.

Valve length Valve width

() ()
Sample ID  Locality Lake ID Valves measured Range Mean +sd  Range Mean +sd
AD-3 Vestfold Hills Admin Lake 76 18.8-28.4 21.8429 2.1-3.2 2.7+0.4
2488 Cape Royds Blue Lake, north lobe 21 18.0-26.6 20.8+2.6 2.6-3.9 32+04
2462 Cape Royds Clear Lake 20 19.7-25.9 23.0+£2.0 2.0-3.1 2.8+40.3
2464 Cape Royds Clear Lake 18 17.5-24.0 20.0+1.6  2.1-3.1 2.5+0.3
359 McMurdo Dry Valleys  Lake Fryxell 10 13.8-23.4 17.0+£3.4 2432 2.7+0.3
364 McMurdo Dry Valleys  Lake Fryxell 20 9.7-19.4 14.04+2.8 2.2-3.1 2.6+0.3
390 McMurdo Dry Valleys  Lake Fryxell 12 10.0-23.7 14.0+£3.8 1.9-3.6 2.6+0.4

Typification: Unfortunately, the holotype and paratype slides are lost. Moreover, also the original unmounted
material, used to prepare the holotype slide from, was destroyed. However, an additional set of slides, prepared from
the original material of the Vestfold Hills study was kept for counting purposes. One slide (AD-3) of this set was
prepared from the same original material as the (lost) holotype slide. Therefore, this slide is officially designated here
as lectotype slide. As there is no original material left, an additional sample containing the population that was used for
the SEM analysis from Blue Lake (accession 2488) is added as epitype.

Lectotype (designated here): BR-4555 (Meise Botanic Garden, Belgium, slide AD-3, Admin Lake, Vestfold Hills,
Antarctic Continent)

Epitype (designated here): BR-4556 (Meise Botanic Garden, Belgium, sample accession 2488, Blue Lake,
McMurdo Sound, Antarctic Continent)
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Ecology & Distribution:—Navicula adminensis, as Navicula adminii, has been reported from the Vestfold Hills,
Bunger Hills, and the McMurdo Sound Region (Roberts & McMinn 1999, Roberts et al. 2000, Gibson et al. 20006,
Sakaeva et al. 2016). From the McMurdo Dry Valleys, specifically Taylor Valley, Esposito et al. (2008) reported this
taxon as N. lineola var. perlepida (Grunow 1884: 474) Cleve (1894: 107) (although under the invalidly published name
N. perlepida), suggesting the taxon was erroneously placed in Navicula and needing further work (Esposito ez al. 2008,
Whittaker et al. 2008).

Within the Vestfold and Bunger Hills, N. adminensis was reported across a wide salinity gradient in 24 and 10
lakes, respectively, despite the classification of its type locality, Admin Lake, as hyposaline. However, Sakaeva et al.
(2016) also reported N. adminensis at lower salinity levels in Blue Lake and Clear Lake on Ross Island and from the
partially ice-free Picture Pond in Taylor Valley within the McMurdo Sound Region.

FIGURES 21-24. Sabbea adminensis (D.Roberts & McMinn) Van de Vijver, Bishop & Kopalova nov. comb. Figures taken from Blue
Lake, Cape Royds, Ross Island, Antarctic Continent (INSTAAR, Univ. of Colorado accession numbers: 2488). Fig. 21. Scanning electron
micrograph of an entire frustule with girdle bands. Note the external areola hymenes, the shallow mantle, the simple raphe and the girdle
bands with double perforation. Fig. 22. SEM detail of the girdle bands clearly showing the two rows of pores per copula. Fig. 23. SEM
external detail of the areolae with partly eroded external hymenes. Fig. 24. SEM external view of an entire valve showing the eroded
uniseriate striae with small areolae. Scale bar represents 10 pm for figs 21, 24 and 1 um for figs 22 & 23.
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FIGURES 25-29. Sabbea adminensis (D.Roberts & McMinn) Van de Vijver, Bishop & Kopalova nov. comb. Figures taken from Blue
Lake, Cape Royds, Ross Island, Antarctic Continent (INSTAAR, Univ. of Colorado accession number: 2488). Fig. 25. SEM external detail
of the central area with the short, straight proximal raphe endings, the narrow, weakly raised ridges next to the raphe and the uniseriate
striae. Fig. 26. SEM external detail of the valve apex showing the absence of the terminal raphe fissures. Fig. 27. SEM internal view of an
entire valve. Fig. 28. SEM internal detail of the central area with the short, straight proximal raphe endings. Fig. 29. SEM external detail
of the valve apex showing an only weakly developed helictoglossa. Scale bar represents 10 um for fig. 27 and 1 um for figs 25, 26, 28 &
29.

Discussion

The first record of Navicula adminensis is found in West & West (1911), reported as N. perlepida. The species was
originally described by Grunow in 1884 from Franz Joseph Land (Grunow 1884) and later recombined by Cleve
to N. lineola var. perlepida (Cleve 1894). Unfortunately, apart from some basic data on length and width, the only
information given in West & West (1911, p. 282) is the high similarity between the Antarctic population and specimens
from the Arctic. Later authors (Esposito ef al. 2008, Van de Vijver ef al. 2012) suggested, based on valve outline
and the fine morphological structure, that Navicula adminensis could in fact be conspecific with Navicula lineola
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var. perlepida. Given the very fine structure, only scanning electron microscope observations could resolve the
conspecificity question. Unfortunately, unmounted material was no longer available from the Grunow collection in
Vienna (Austria) (A. Igersheim, pers. comm.). In literature, only a few published images are available from the var.
perlepida (other than Antarctic populations that are considered belonging to Navicula adminensis). Hustedt (1961)
showed a few line-drawings that unfortunately did not provide conclusive morphological information. Witkowski et
al. (2000) discussed the species in his Baltic diatom monograph and illustrated both N. lineola and its variety perlepida
(plate 156, figs15—-16 and 12—14 resp.).

The most interesting record was found in Poulin & Cardinal (1982) who published several SEM pictures (figs 63—
65). In their description the presence of a transapical fascia in the central area bordered by a few scattered areolae was
explicitly mentioned. Moreover, the striae become denser toward the valve apices. Valve dimensions of the observed
specimens show a valve length of 30-52 pum, a valve width of 3—5 um and a stria density of 35-38 in 10 pm increasing
to 39—42 in 10 um near the apices. All these observations are in contrast with the morphology as recorded for N.
adminensis: a fascia has never been observed in any of the reported populations, the stria density is uniform throughout
the entire valve and reaches almost 80 in 10 um. The population studied in Poulin & Cardinal (1982) originated from
Manitounuk Sound in the southeastern Hudson Bay (Canada), relatively far away from the type locality of the species
near Franz Joseph Land (Grunow 1884). Although there is no conclusive evidence that both Arctic populations represent
the same species, the observed LM morphology in Poulin & Cardinal (1982) shows no differences with the species
described by Grunow. However, the Arctic populations differ markedly from N. adminensis making conspecificity
between N. lineola var. perlepida and N. adminensis unlikely.

Whether all Antarctic records of N. lineola var. perlepida should be considered to be N. adminensis, remains a
question that can only be solved by careful re-examination of the material, as most of the published records did not
present LM or SEM images. Whittaker et al. (2008) found Navicula lineola var. perlepida to be dominant within layers
of a sediment core associated with increased carbonate concentrations in Lake Fryxell (Taylor Valley, McMurdo Dry
Valleys). Although the species was unfortunately not imaged in the publication, its presence was later confirmed by
one of the co-authors (S. Spaulding, pers. comm.). Esposito et al. (2008) illustrated the species from the McMurdo
region, naming it also N. lineola var. perlepida. The latter authors presented detailed SEM observations that showed a
clear conspecificity with the population from Admin Lake that was used for the description of N. adminensis (Roberts
& McMinn 1999).

In 1979, Cox typified the genus Navicula based on N. tripunctata (O.F.Miiller 1786: 52) Bory (1827: 563). The
main morphological features of Navicula s.s. include a typical lineolae-structure of the striae, a boat-shaped valve
outline, two rectangular, plate-like plastids, internal raphe branches located on the side of an axial costa, external
terminal raphe fissures deflected to the same (secondary) side and indistinct or weakly curved proximal raphe pores.
It is clear that N. adminensis shows an entirely different set of morphological characters, making its placement within
the genus Navicula s.s. no longer possible. A transfer to another, more suitable and taxonomically discrete genus is
therefore necessary.

The presence of N. adminensis in both hyper- and hypo-saline lakes, but with an accompanying diatom flora of
both marine and freshwater species (based upon re-investigation of Vestfold Hills material used in Roberts & McMinn,
1999), make a comparison with both similar marine and freshwater genera necessary. Only a few freshwater genera
share some of the morphological features of N. adminensis: Adlafia, Envekadea and Kobayasiella. In the marine
realm, especially in the family Berkeleyaceae, the genera Stenoneis, Climaconeis, Parlibellus and Berkeleya should be
considered as holding the possible closest relationship to N. adminensis. Table 3 presents all these genera together with
their discriminating features. Based on the table, it is clear that almost all mentioned genera show some resemblance
to N. adminensis, but none sufficiently adequate to host the species.

The genera Envekadea, Adlafia and Kobayasiella show a superficial resemblance when only considering the
morphological features visible in light microscopy. All three genera contain species with very fine areolae making
the striae hardly visible in LM. Unlike N. adminensis, all three genera have an entirely different raphe structure with
deflected or even hooked terminal raphe fissures (N. adminensis lacks terminal raphe fissures) and internally with well-
developed helictoglossae, unlike the weakly-developed helictoglossae in N. adminensis. The striae in Kobayasiella are
composed of one transapically elongated areola and the raphe has an umbilicus, visible as a slight ‘notch’, at about one
third to halfway along the straight raphe (Vanhoutte et al. 2004), a feature never observed in N. adminensis. Almost
all Adlafia species show a typical striation pattern with radiate striae becoming convergent near the apices, whereas
the striae in N. adminensis are parallel throughout the entire valve. Envekadea, containing mostly brackish water
species, has a very distinct sigmoid raphe system, rather large areolae arranged in radiate striae and well-developed
helictoglossae. All three genera can therefore be excluded as a host genus for N. adminensis.
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The marine genus Climaconeis shows the greatest similarity to N. adminensis, especially considering the linear-
shaped valve outline (Cox 1982) and the fine structure of the striae, not visible in LM. The genus is characterized
by having finely areolated striae, a simple raphe structure with straight external raphe branches lacking terminal
raphe fissures and distinct proximal raphe ends (Cox 1982, Round ef al. 1990). The fine striae are a feature shared
with N. adminensis, although near the central area the striation pattern differs in most Climaconeis species which
have shortened and often radiate striac. However, several differences exclude the placement of N. adminensis in
Climaconeis. Several (though not all) Climaconeis species, having a typical scalariform valvocopula, bear ‘craticular
bars’ growing from both sides of the valvocopula and interdigitating in near the valve middle. Unfortunately, some
Climaconeis species seem to lack this feature such as C. delicatula (Cleve 1894: 144) E.J.Cox (1982: 166) making
this criterion less decisive in excluding N. adminensis from Climaconeis. Prasad (2003) discussed the morphology and
taxonomy of the genus Climaconeis and presented a table with all known species and their morphological features. It
is clear that the presence of the craticular bars is randomly distributed in the genus.

A more diagnostic character is that Climaconeis species show a very typical, large, prominent helictoglossa at
the apices (see for instance Round et al. 1990, p. 521 fig. g), a feature found in all Climaconeis species worldwide
(Cox 1982, Prasad et al. 2000, Reed & Williams 2002, Prasad 2003). This type of helictoglossa is never observed
in N. adminensis, which only shows a very faint helictoglossa. The areolae in Climaconeis are closed internally by
hymenes whereas in N. adminensis, the areolae are covered externally. Internally, the raphe in Climaconeis is located
in a well-developed raphe-sternum, often accompanied by raised ribs, a feature not observed in any of the investigated
N. adminensis populations.

Besides Climaconeis, three other genera were placed in the Berkeleyaceae family. The genus Stenoneis contains
species with a characteristic striation pattern, showing irregular hyaline areas where areolae are lacking; this has
never been observed in N. adminensis (Round et al. 1990, Poulin 1990). The proximal raphe endings in Stenoneis
are always expanded and clearly visible, even in LM, usually appearing as two thickened structures next to the raphe
endings in the central area (see Poulin 1990, figs 15 & 22). Internally, the raphe sternum is well-developed with two
prominent longitudinal ribs on both sides of the raphe (Round et al. 1990). The distal raphe endings terminate on
clear helictoglossae. None of these characteristics has ever been seen in N. adminensis. The only feature shared with
Stenoneis is the presence of external hymenes covering the areolae (Poulin 1990) but this is insufficient to include N.
adminensis in Stenoneis. The third genus in the Berkeleyaceae, Berkeleya, has a different raphe structure with deflected
proximal and terminal raphe endings, the internal hymenes covering the areolae and the well-developed helictoglossae.
In most Berkeleya species, the raphe-sternum has a unique structure with only half of it being continuous and the other
interrupted near the central area (Round ef al. 1990, p. 519, fig. g). Finally, Parlibellus contains species with a more
lanceolate valve outline, typical hooked external terminal raphe fissures, hymenes covering the areolae internally, a
well-developed central nodule and differences in stria structure with the central striae more spaced. The mantle in most
Parlibellus species is rather high, unlike N. adminensis that has a very low mantle (Cox 1988).

In conclusion, it is clear that N. adminensis cannot be placed into any of the genera discussed above. Expanding the
original genus description of the most closely related genus, Climaconeis, with the features observed in N. adminensis,
could potentially be a solution, although it would require drastically modifying the characterization of some features,
such as the helictoglossa and the internal hymens, and this would create a genus that is so broad that a lot of other
species would fit likewise in there. Molecular evidence could lend another perspective, possibly linking the species to
one of the already described genera, but up to now all attempts to culture N. adminensis have been unsuccessful.

Therefore, a new genus, Sabbea Van de Vijver, Bishop & Kopalova gen. nov., is proposed to accommodate species
with a very simple raphe structure lacking external terminal raphe fissures and having only a very faint helictoglossae,
uniseriate striae with occluded externally by hymenes, a low valve mantle and doubly perforated girdle bands.

Formal description

Sabbea Van de Vijver, Bishop & Kopalova gen. nov.

Valves linear with a low mantle. Girdle composed of several, open copulae, each with a double row of rounded to transapically elongated
poroids. Raphe sternum well-developed with the raphe positioned in the middle of the sternum. Raphe straight, simple with straight,
non-expanded proximal raphe ends. Terminal raphe fissures absent. Internally, helictoglossae only weakly developed to almost
absent. Striae very fine, not discernible in LM, uniseriate, parallel, composed of small, rounded areolae, externally occluded by small
hymenes.

Type:—Sabbea adminensis (D.Roberts & McMinn) Van de Vijver, Bishop & Kopalova comb. nov.

52 < Phytotaxa 418 (1) © 2019 Magnolia Press BISHOP ET AL.



Etymology:—the genus is named in honor of our dear friend and colleague Prof. dr. Koen Sabbe (Ghent University,
Belgium) for his outstanding contributions to diatom science and the International Society for Diatom Research

New combination

Sabbea adminensis (D.Roberts & McMinn) Van de Vijver, Bishop & Kopalova comb. nov.
Basionym: Navicula adminensis Roberts & McMinn 1999 Bibliotheca Diatomologica 44, p. 27, plate 4, figs 2—4.
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