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Abstract

Two new diatom taxa belonging to the genus Gomphonema were recorded during a survey of the Maritime Antarctic fresh-
water and limno-terrestrial diatom flora: Gomphonema jamesrossense sp. nov. and G.maritimo-antarcticum sp. nov. Detailed 
light (LM) and scanning electron microscope (SEM) observations are used to characterize the morphology and ultrastructure 
of the two new Gomphonema taxa. Comparisons with similar taxa and the ecological preferences of each species are added. 
The revision of these species confirmed the endemic nature of the Antarctic diatom flora. 
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Introduction

The genus Gomphonema Ehrenberg (1832: 87) is an important constituent of the Maritime Antarctic diatom flora. Despite 
numerous records of the genus in Antarctic diatom surveys, the number of typical Antarctic taxa remains very low. In 
total, 26 Gomphonema taxa have been reported from the Maritime Antarctic Region (including South Orkney Islands, 
South Shetland Islands, James Ross Island). Kellogg & Kellogg (2002) list all taxa reported in the Antarctic literature but 
the list of records merely comprises observations of northern hemisphere taxa such as Gomphonema parvulum (Kützing 
1844: 84) Kützing (1849: 65), G. angustum Agardh (1831: plate 24, Fig. 47) or G. gracile Ehrenberg (1838: 217). Of 
these, only two taxa were originally described from this region: Gomphonema charcotii M.Peragallo (1921: 63) and G. 
signyensis Kociolek & Jones (1995: 270), the first probably being a marine taxon that should be transferred to another 
genus. This low number of typical Antarctic endemic Gomphonema taxa is in clear contrast with the current, generally 
accepted view that the Antarctic region is home to a highly specific diatom flora (Sabbe et al. 2003, Van de Vijver et al. 
2005, Vanormelingen et al. 2008, Vyverman et al. 2010) and raises questions regarding the correct taxonomic identity of 
the recorded populations. Revisions of, for instance, the genera Navicula Bory (1822: 128) (Van de Vijver et al. 2011a), 
Muelleria (Frenguelli 1924: 256) Frenguelli (1945: 172) (Van de Vijver et al. 2010, 2014), Luticola D.G.Mann in Round 
et al. (1990: 670) (Van de Vijver & Mataloni 2008, Van de Vijver et al. 2011b, Kopalová et al. 2011, Zidarova et al. 2014), 
Pinnularia Ehrenberg (1843: 45) (Van de Vijver & Zidarova 2011, Zidarova et al. 2012), Hantzschia Grunow (1877: 174) 
(Zidarova et al. 2010) and Surirella Turpin (1828: 362–363) (Van de Vijver et al. 2013a) clearly showed that the diversity 
of the Antarctic diatoms has been largely underestimated in the past due to species drift and force-fitting (Tyler 1996) the 
Antarctic diatoms into European or North-American names.
 The present paper reports on the results of the revision of the genus Gomphonema in samples from the Maritime 
Antarctic Region. Two new taxa are described based on detailed light and scanning electron microscopy observations. 
Gomphonema jamesrossense sp. nov. was found on James Ross Island, an island situated in the southern part of the 
Maritime Antarctic Region. The second species, G. maritimo-antarcticum sp. nov., was described from Livingston 
Island, one of the main islands of the South Shetland Islands. The two taxa are compared with similar taxa worldwide 
and notes on their ecological preferences are added. 
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Material and Methods

During several austral summers (2008–2012), material for diatom analysis has been sampled from various lakes and 
ponds on Livingston Island (mainly from the Byers Peninsula) and from James Ross Island (mainly the Ulu Peninsula). 
Details about sampling localities and samples are given in Kopalová et al. (2012, 2013, 2014) and Kopalová & Van 
de Vijver (2013). 
 Diatom samples for LM observation were prepared following the method described in Van der Werff (1955). 
Small parts of the sample were cleaned by adding 37% H2O2 and heating to 80 °C for about 1 h. The reaction was 
completed by addition of KMnO4. Following digestion and centrifugation (three times 10 minutes at 3700 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 microscope, equipped 
with Differential Interference Contrast (Nomarski) and the Olympus UC30 Imaging System. Samples and slides are 
stored at the BR-collection, property of the Belgian federal government and given in permanent loan to the Botanic 
Garden Meise (Belgium). For scanning electron microscopy (SEM), parts of the oxidized suspensions were filtered 
through a 1-µm Isopore™ polycarbonate membrane filter (Merck Millipore). The stubs were sputter-coated with a 
Gold-Palladium layer of 10 nm and studied in a ZEISS Ultra SEM microscope at 3 kV (Natural History Museum 
London, UK). Diatom terminology follows Ross et al. (1979) and Round et al. (1990). The morphology of the new 
taxa has been compared with morphologically similar known species described worldwide (Kociolek & Jones 1995, 
Lange-Bertalot & Metzeltin 1996, Reichardt 1999, Rumrich et al. 2000).

Observations

Division Bacillariophyta
Class Bacillariophyceae 
Subclass Bacillariophycidae 
Order Cymbellales 
Family Gomphonemataceae 
Genus Gomphonema 

Gomphonema jamesrossense Van de Vijver, Kopalová, Zidarova & Kociolek, sp. nov. (Figs 1–21)

LM (Figs 1–16): Frustules in girdle view almost rectangular, weakly clavate with narrower footpole (Figs 15, 16). Valves linear-clavate 
with almost parallel margins and broadly rounded obtuse head- and footpole. Valves occasionally asymmetrical to the apical axis. 
Valve dimensions (n=25): length 20–37 µm, width 3.5–4.5 µm, the greatest width being almost in the middle of the valve. Axial 
area narrow, linear to linear-lanceolate, almost 1/6 of the total valve width, never widened until the central area. Central area 
asymmetrical, rectangular. One side with one very shortened stria, other side with one longer stria. Stigmoid present at the end of 
the longer stria, almost not separated from the last areola. Raphe branches undulate, weakly lateral with straight to slightly deflected, 
simple proximal raphe endings and hooked distal fissures. Striae clearly radiate near the central area becoming almost parallel 
towards the headpole, 11–14 in 10 µm. Near the apices, striae positioned more closely together, up to 17 in 10 µm. Areolae almost 
not discernible in LM. SEM (Figs 17–21): Striae uniseriate composed of “C”- to “3”-shaped areolae (Figs 17, 18). Striae continuing 
uninterruptedly onto the mantle, eventually terminating in one small rounded areola (Fig. 21). Mantle edge forming a relatively broad 
hyaline zone (Fig. 21). Footpole with a hyaline tip, bordered by a large apical pore field composed of up to 8 rows of very small pores 
(Fig. 18). Apical pore field bisected by the distal raphe fissures (Fig. 18). External raphe branches clearly undulate (Fig. 17). External 
proximal endings weakly deflected terminating in simple, almost non-expanded pores (Fig. 17). Distal raphe fissures (strongly) 
hooked, almost not continuing onto the mantle (Fig. 18). External stigmoid opening rounded, not more distantly separated from the 
last areola of the central stria (Fig. 17). Foot- and headpole with small pseudoseptum (Fig. 19). Internally, central nodule raised. 
Internal proximal raphe endings positioned closely together, clearly recurved (Fig. 20). Distal raphe endings terminating on small 
helictoglossae (Fig. 19). Striae internally bearing vimines, oriented perpendicularly to the striae. Occasionally, areolae subdivided by 
transapical vimines (Fig. 20, arrow). Internal stigmoid opening slit-like (Fig. 20). 

Type:—JAMES ROSS ISLAND. Ulu Peninsula: Lake Katia II, sample D15 (63° 52’ 15.9” S, 57° 58’ 32.5”), L. Nedbalová, 1 February 
2008 (holotype BR! slide no. 4444, isotype PLP! slide 299, University of Antwerp, Belgium).
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FIGURES 1–21. Gomphonema jamesrossense. LM & SEM pictures taken from the holotype population (sample D15) 
from Katia II Lake, James Ross Island. 1–16. Light microscopy observations. 17. External view of an entire valve with 
focus on the proximal raphe endings, the apical pore field and the position of the stigmoid. Note the variation in areola 
shapes. 18. External detail of the footpole with the apical pore field and the distal raphe ending. 19. Internal view of 
an entire valve with focus on the proximal raphe endings and the position of the stigmoid. 20. Internal detail of the 
central area with the proximal raphe endings and the position of the stigmoid. 21. Girdle view of an entire frustule. 
Note the presence of the apical pore field almost entirely on the mantle, the hyaline mantle edge and the small areolae 
terminating the mantle striae. Scale bar represents 10 µm except for Figs 18 & 19 where scale bar = 1 µm. 
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Ecology and distribution:—The highest relative abundance of Gomphonema jamesrossense was found in an epilithon 
sample, collected from Katia II Lake, on the Ulu Peninsula, at an altitude of 45 m a.s.l. The lake has circumneutral 
pH (7.3) with a moderate conductivity (580 µS/cm), very low nutrient but higher salinity levels (Cl- 106 mg/l, SO4

2-

: 66 mg/l). The species was likewise found in several other samples of James Ross Island but always in very low 
abundances. On other investigated localities of the Maritime Antarctic Region, the species seems to be absent so far.
 Etymology:—The species is named after James Ross Island where several populations were found. 
 Taxonomic remarks:—Although Gomphonema jamesrossense shows a typical gomphonemoid structure and 
outline, there are hardly any Gomphonema taxa that can be confused with the new species. Gomphonema clavatulum 
Reichardt (1999: 25) shows a slight resemblance in valve outline although the footpole in the later is more acutely 
rounded giving the valve a more clavate outline compared to the almost linear valves in G. jamesrossense. Gomphonema 
sarcophagus Gregory (1856: 13) has a similar linear outline, but with clearly protracted, rostrate headpoles and 
footpoles. The Antarctic Gomphonema signyensis has a less linear valve outline with a narrower headpole, compared 
to G. jamesrossense, a larger valve width of more than 5 µm (Kociolek & Jones 1995), whereas the valves of G. 
jamesrossense do not exceed 4.5 µm in width, and a finer striation of up to 18 striae in 10 µm (instead of up to 14 in 
G. jamesrossense).

Gomphonema maritimo-antarcticum Van de Vijver, Kopalová, Zidarova & Kociolek, sp. nov. (Figs 22–74)

LM (Figs 22–61): Frustules in girdle view almost rectangular, weakly clavate with a slightly narrower footpole. Valves lanceolate to 
rhombic-lanceolate, often asymmetrical to the apical axis. Headpole either not or only weakly protracted, acutely rounded in larger 
specimens, rostrate to truncated in mid-size to smaller specimens. Footpole always acutely rounded, pointed. Valve dimensions 
(n=100): length 20–50 µm, width 4.5–7.0 µm. Axial area rather narrow, broader in longer specimens, 1/4–1/5 of the total valve width, 
linear to linear-lanceolate, not widening towards the central area. Central area asymmetrical, rectangular to slightly wedge-shaped 
with one shortened stria on one side and one normal stria on the other side. Stigmoid rounded, at the end of the central stria, slightly 
separated from the last areola. Raphe clearly lateral, undulate. Proximal raphe endings deflected, weakly expanded. Distal raphe 
fissures hooked. Striae radiate to weakly moderate, becoming parallel near the headpole, 12–14 in 10 µm, more densely spaced near 
the head- and foothpole (up to 18 in 10 µm). In smaller specimens striae even parallel throughout the entire valve. Areolae weakly 
discernible in LM. SEM (66–74): Striae uniseriate composed of “C”- to “3”-shaped areolae (Figs 64, 66, 67, 70). Occasionally striae 
biseriate due to doubling of the areolae (Fig. 67). Striae continuing uninterruptedly onto the mantle, terminating in one small rounded 
areola (Fig. 62). Mantle edge forming a relatively broad hyaline zone (Fig. 62). Mantle of initial valves bearing a large series of 
rounded areolae per stria (Fig. 63). Girdle bands perforated by one series of rounded pores (Fig. 62). Footpole with a hyaline tip (Fig. 
64). Large apical pore field present at the footpole composed of up to 8 rows of relatively large pores (Figs 62, 64, 66, 67). Initial 
valves and larger specimens showing an (often reduced) apical pore field at the headpole (Figs 63, 64, 65). Apical pore field bisected 
by the distal raphe fissures (Fig. 68). External raphe branches undulate with clearly deflected external proximal endings terminating 
in enlarged, drop-like pores (Figs 66, 67, 73). Distal raphe fissures (strongly) hooked, almost not continuing onto the mantle (Figs 
69, 72). External stigmoid opening rounded to transapically enlarged (including in initial valves), clearly larger than the areolae, 
weakly separated from the last areola of the central stria (Figs 64, 66, 67, 73). Foot- and headpole with small pseudoseptum (Fig. 68). 
Internally, central nodule weakly raised. Internal proximal raphe endings clearly distant from each other, distinctly recurved (Fig. 
71). Distal raphe endings terminating on small helictoglossae (Fig. 68). Striae internally bearing vimines, oriented perpendicularly 
to the striae. Doubling of areolae occasionally visible (Fig. 74). Areolae internally with round foramina. Internal stigmoid opening 
slit-like, well separated from the last areola in the central striae (Fig. 71). 

Type:—LIVINGSTON ISLAND (SOUTH SHETLAND ISLANDS). Byers Peninsula, sample By15 (62° 39’ 24.1” S, 61° 06’ 48.9”), B. 
Van de Vijver, 11 January 2009 (holotype BR! slide no. 4445, isotype PLP! slide 300, University of Antwerp, Belgium).

Ecology and distribution:—Gomphonema maritimo-antarcticum is a very common diatom in large lakes and ponds 
of James Ross Island and the South Shetland Islands, including Livingston Island and other major islands (King 
George Island and Nelson Island, Zidarova, pers. obs.). Large populations have been found in slightly to very alkaline 
lakes, ponds and streams (pH 7.78–9.30) with a low to moderate conductivity (<33000 µS/cm). Based on the available 
iconographic data from earlier studies in other areas in Antarctica, the species might also be present further south, on 
Horseshoe Island, Antarctic Peninsula (Wasell & Håkansson 1992, figs 28–33, 36, 84, as Gomphonema cf. angustatum/
parvulum) and on the Antarctic Continent (Sabbe et al. 2003, p. 237, fig. 50, as Gomphonema sp.). 
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FIGURES 22–61. Gomphonema maritimo-antarcticum. LM pictures taken from the holotype population (sample 
By015) from Byers Peninsula, Livingston Island. 48–61. Valves with a more rhombic-lanceolate valve outline and 
protracted, rostrate apices. Scale bar represents 10 µm.

 Etymology:—The specific epithet refers to the biogeographical distribution area of the new species: Maritime 
Antarctic Region. The hyphen can and should be maintained in the species name based on art. 60.9 of the International 
Code of Nomenclature for algae, fungi and plants (McNeill et al. 2012). 
 Taxonomic remarks:—Shorter valves of Gomphonema maritimo-antarcticum with a more rhombic-lanceolate 
outline can be confused with G. punae Lange-Bertalot & Rumrich in Rumrich et al. (2000: 140) and G. pseudoclavatum 
Lange-Bertalot & Reichardt in Lange-Bertalot et al. (1996: 92). Both taxa were described from southern Chile but 
can be separated from G. maritimo-antarcticum. Both Chilean taxa have a different striation pattern with equidistant 
striae throughout the entire valve. When considering the entire cell cycle, conspecificity is to be excluded based on the 
variable valve outline in G. maritimo-antarcticum (ranging from linear-lanceolate to rhombic-lanceolate) compared 
to the typical clavate, broadly lanceolate outline in G. punae and G. pseudoclavatum. Gomphonema punae was 
described from high elevations (1600–4300 m) in southern Chile, including Patagonia. The new species from Maritime 
Antarctica is proportionately narrower, being approximately the same width but nearly twice the valve length reported 
for G. punae. Gomphonema punae is usually shorter (14–26 µm) although no clear difference in valve width could be 
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found, thus it has a more squat valve outline. Other reported (and illustrated) populations always show the same squat 
valve outline (Morales et al. 2007, Alvial et al. 2008, Sala et al. 2008) as shown in the type population of G. punae. 
More elongate valves as could be found in populations of G. maritimo-antarcticum have never been seen in illustrated 
records of G. punae of South America.
 The Antarctic Gomphonema signyense can be separated again by having linear to linear-clavate valves with 
broader and obtusely rounded headpole, which were not observed in any of the studied populations of G. maritimo-
antarcticum, as well as by the comparatively more radiate striae in G. maritimo-antarcticum.

FIGURES 62–65 Gomphonema maritimo-antarcticum. SEM pictures taken from various maritime Antarctic 
populations including the type population (sample By015, Figs 64, 65) from Byers Peninsula, Livingston Island. 62. 
Girdle view of an entire frustule. Note the presence of the apical pore field almost entirely on the mantle, the hyaline 
mantle edge and the small areolae terminating the mantle striae. 63. Girdle view of an initial valve. Note the apical pore 
fields on both head- and footpole, the small, rounded areolae on the mantle and the domed overall shape of the valves. 
64. External view of an entire valve, most likely from the early cell cycle with an apical pore field on both head- and 
footpole. 65. Internal view of an entire valve, most likely from the early cell cycle with an apical pore field on both 
head- and footpole. Scale bar represents 10 µm. 
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FIGURES 66–74. Gomphonema maritimo-antarcticum. SEM pictures taken from various maritime Antarctic 
populations including the type population (sample By015, Figs 66, 68, 74) from Byers Peninsula, Livingston Island. 
66. External view on an entire valve with more rhombic-lanceolate valve outline showing the raphe, the apical pore 
field, the variation in areola shape and the position of the stigmoid. 67. External view on an entire valve with more 
narrowly lanceolate valve outline showing the raphe, the apical pore field, the variation in areola shape and the position 
of the stigmoid. 68. Internal view of an entire valve with the helictoglossae and the position of the stigmoid. 69. 
External detail of the apical pore field and the distal raphe ending at the footpole. 70. External detail of the striae 
showing the variation in areola shape. 71. Internal detail of the central area with the proximal raphe endings and the 
internal stigmoid opening. 72. External detail of the headpole with the distal raphe ending. 73. External detail of the 
central area with the proximal raphe endings and the external stigmoid opening. 74. Internal detail of the occasional 
doubling of the areolae per stria. Scale bar represents 10 µm except for Figs 69–74 where scale bar = 1 µm. 
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Discussion

Gomphonema is a large genus with species that can be assigned to different morphological groups. Kociolek & Kingston 
(1999) and Kociolek et al. (2016) have discussed some of these groups, based on the presence or absence of stigmoids, 
the ultrastructure of striae, the size and shape of the central nodule, the degree of curvature of the internal proximal raphe 
endings and the position of the apical pore field. The ultrastructure of the valves of these two new species from Antarctica 
shows them to be members of the “classical” species of the genus, by having the characteristic “C”- or “3”-shaped 
areolae, broadly recurved internal proximal raphe endings, a small mound-shaped central nodule and the position of the 
apical pore field almost entirely on the mantle. The majority of the species in this genus occur in this “classical” group, 
which includes amongst many others G. parvulum (Dawson 1972), G. acuminatum Ehrenberg (1832: 88) (Reichardt 
1999, Kulikovskiy et al. 2015) and G. augur Ehrenberg (1840: 211) (Van de Vijver et al. 2013b). 
 An interesting observation was made on the initial valves of G. maritimo-antarcticum, which are asymmetrical 
to the apical axis, having simple stigmoids and bear apical pore fields at both poles. A similar observation was made 
on species of the closely related genus Gomphoneis Cleve (1894:73) (Kociolek & Stoermer 1988). We can see the 
differences in structure between the initial valves and others in the life cycle from the point of view of ontogenetic 
changes. In the case of Gomphonema maritimo-antarcticum, ontogeny shows a cymbelloid symmetry in terms of the 
position of the apical pore fields at both poles, a simple stigmoid opening internally, and asymmetry about the apical axis 
early in development. Later in development, an apical pore field at one pole, differentiation of the stigmoids between 
exterior and interior, and symmetry about the transapical axis are found in typical valves. Kociolek and Williams 
(1987) discussed how features of the initial valves that are early in the ontogenetic sequence of size diminution series 
might reflect the phylogenetic history of the taxa, in this case, the close relationship with cymbelloid diatoms, and 
perhaps with groups such as Reimeria Kociolek & Stoermer (Kociolek & Stoermer 1987, Sala et al. 1993, Kermarrec 
et al. 2011, Nakov et al. 2014). 
 Our observations on G. maritimo-antarcticum showed great morphological variation in valve outline for this 
species. There were some apparent morphologically-distinct groups (such as those with straight outlines others 
more lanceolate-clavate (Figs 34–46) and others more rhombic-lanceolate with protracted headpoles (Figs 48–61)), 
however, in each case we could identify specimens/morphotypes that appeared to be intermediate forms between 
these groups. One interpretation of this high degree of variability might be that it is a case of incipient species, where 
polymorphism is related to speciation (e.g. Day & McPhail 1996, Skúlason et al. 1999, Adams & Huntingford 2004), 
demonstrated in plants (Nies & Reusch 2005), insects (Drummond et al. 2010), fishes (Snorrason & Skúlason 2004) 
and mammals (Hadid et al. 2013). However, active pseudocryptic speciation is another plausible explanation and has 
been demonstrated by several other freshwater diatoms, including the genus Gomphonema. Kermarrec et al. (2013) 
and Abarca et al. (2014) recognized new species from morphologically similar populations in the G. parvulum species 
complex based on molecular research, although morphologically the differences between these new species were 
hardly noticeable. In the past, a similar approach was used to unravel pseudocryptic species complexes in other genera 
than Gomphonema (Vanelslander et al. 2009, Beszteri et al. 2003). Finally, the environmental conditions that prevail 
in the Maritime Antarctic Region, with large fluctuations in both temperature and moisture, might also be important 
drivers of this phenotypic plasticity. As not all populations of G. maritimo-antarcticum were found in 100% identical 
conditions, adaptations to their environment might be advantageous for the species to survive. Further morphological 
and molecular approaches with diatoms might prove fruitful to determine if this relationship between increased 
variation and incipient speciation holds across taxa. 
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