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Abstract: Psammothidium germainii is a widespread freshwater monoraphid diatom species in the Antarctic 
Region. Detailed analysis of the populations in the different parts of the Antarctic Region revealed the presence 
of several species that were lumped under the name ‘P. germainii’. The type material of both Achnanthes 
germainii and Achnanthes ninckei has been investigated to allow a better morphological delimitation of both 
taxa and to better characterize the new taxa. Two new taxa are proposed: Psammothidium rostrogermainii sp. 
nov., typical for its rostrate apices and its rather distantly spaced stria pattern, and Psammothidium germainioides 
sp. nov., formerly identified in Antarctica as Achnanthes ninckei. Both new taxa are illustrated using light and 
scanning electron micrographs and are compared with similar taxa worldwide. Additionally, two populations of 
Psammothidium germainii lacking a raphe on the raphevalve are illustrated and discussed. 
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IntroductIon

Psammothidium germainii (Manguin) Sabbe was orig-
inally described as Achnanthes germainii Manguin in 
bourrelly & Manguin (1954) from the Iles Kerguelen, 
a sub–Antarctic archipelago in the South Indian Ocean. 
Sabbe et al. (2003) transferred Achnanthes germainii 
to the genus Psammothidium as Psammothidium 
germainii (Manguin) Sabbe based on the valve and 
raphe structure. Since the original species description 
from 1954, it was repeatedly recorded on a large num-
ber of Antarctic and sub–Antarctic localities ranging 
from the sub–Antarctic islands in the South Indian 
Ocean to the islands in the Maritime Antarctic Region, 
and Macquarie Island in the South Pacific Ocean (e.g., 
oppenheiM 1994; Van de VijVer et al. 2002; le Cohu 
2005; see Kellogg & Kellogg 2002 for a complete 
overview). 

The original description of Achnanthes germainii 
in 1954 seems to be based on most likely one or only a 
few valves, given the very limited valve dimensions of 
the species (length 19 µm, width 8.5 µm, 16–18 striae 
in 10 µm), provided in bourrelly & Manguin (1954). 

Previously published illustrations of Psammothidium 
germainii in oppenheiM (1994), Van de VijVer et al. 
(2002), Sabbe et al. (2003), le Cohu (2005) and eSpo-
Sito et al. (2008) show however a species with a highly 
variable valve outline and striation pattern. On the is-
lands in the South Indian Ocean, valves typically lack 
rostrate apices, showing only broadly rounded, weakly 
protracted apices (Van de VijVer et al. 2002; le Cohu 
2005). On the Antarctic Continent and in the Mariti-
me Antarctic Region, illustrated valves usually have 
distinctly rostrate apices (oppenheiM 1994; Sabbe et 
al. 2003; eSpoSito et al. 2008), although on the South 
Shetland Islands populations with rostrate and non–ro-
strate apices can also be found (pers. obs.). In addition, 
on Iles Kerguelen, le Cohu & Maillard (1983, pl. III, 
figs. 62, 63) illustrated valves that clearly belong to 
Psammothidium germainii, as Achnanthes lapponica 
var. ninkei (guerMeer & Manguin) reiMer. The latter 
species was originally described in 1953 as Achnan-
thes ninckei guerMeer & Manguin from the Auvergne 
(France) and its correct identity was for a long time 
only known from two drawings in guerMeer & Man-
guin (1953). Although described from Europe, several 
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records of Achnanthes ninckei were also made in the 
Antarctic Region (e.g., oppenheiM 1994; see Kellogg 
& Kellogg 2002 for a complete overview) and when 
illustrated, the observed valves of Achnanthes ninckei 
showed a remarkably close relation to Psammothidium 
germainii. Achnanthes ninckei was transferred in 1999 
to the genus Eucocconeis as E. ninckei (guerMeer & 
Manguin) lange–bertalot (lange–bertalot & gen-
Kal 1999). 

During a survey of the non–marine diatom flora 
of the South Shetland Islands and James Ross Island, 
several populations of Psammothidium germainii, 
showing a large morphological variability have been 
observed. The present paper revises the different Psa-
mmothidium germainii and Eucocconeis ninckei po-
pulations from the South Shetland Islands using both 
light and scanning electron microscopy observations 
and compares these populations with the type material 
of Achnanthes germainii and A. ninckei, and with other 
populations, previously identified as Psammothdium 
germainii on the islands of the South Indian and South 
Atlantic Ocean.  The original material of A. germainii 
is discussed and two new species are described: Psa-
mmothidium germainioides sp. nov. and P. rostroger-
mainii sp. nov. Two unusual populations composed of 
entirely rapheless frustules are likewise discussed. All 
previously published iconographic data of Psammothidium 
germainii and Eucocconeis ninckei in the Antarctic and 
sub–Antarctic regions are investigated and compared 
to the results of this study. 

MaterIals and Methods

Samples were collected from various aquatic and terrestri-
al habitats on the South Shetland Islands (SSI), situated just 
north of the Antarctic Peninsula (63°00'S, 60°00'W). The ar-
chipelago consists of several larger and many smaller islands 
and islets, with King George Island (1150 km²) and Livings-
ton Island (972 km²) being the largest. More information on 
the geology, climate and vegetation can be found in toro et 
al. (2007) and haMSher et al. (2016). Sampling on SSI was 
done between 2003 and 2013 and sampling methods follow 
those described in KopaloVá & Van de VijVer (2013) and 
KopaloVá et al. (2014). Details on the physico–chemical ana-
lyses (pH, conductivity, nutrients) can be found likewise in 
these references. 
 Diatom samples were prepared following the 
method described in Van der Werff (1955). Small parts of 
the samples were cleaned by adding 37% H2O2 and heating 
to 80 °C for about one hour, followed by addition of KMnO4. 
After digestion and centrifugation (3 × 10 minutes at 3700g), 
the material was diluted with distilled water to avoid exces-
sive concentrations of diatom valves. Cleaned diatom valves 
were mounted in Naphrax®. Samples and slides are stored at 
the BR–collection, property of the Belgian Federal Govern-
ment and given on permanent loan to the Botanic Garden 
Meise (Belgium) and at the Department of Botany, Faculty of 
Biology, University of Sofia (Bulgaria). The slides were ana-
lyzed using an Olympus BX53 microscope, equipped with 

Differential Interference Contrast and the Colorview I Soft 
Imaging System. For scanning electron microscopy (SEM), 
part of the suspension was filtered through polycarbonate 
membrane filters with a pore diameter of 1 µm, pieces of 
which were fixed on aluminum stubs after air–drying. The 
stubs were sputter–coated with 20 nm of Pt–Pd and studied 
in a Zeiss Ultra microscope at 3 kV. Terminology is based on 
hendey (1964), roSS et al. (1979) and round et al. (1990). 
Stria density was determined in counting striae in 10 µm, 
starting near the valve center to one of the apices. For each 
new taxon, the number of specimens measured at random on 
the type slide is indicated (n=X). 

For this study, the type material of Achnanthes germainii and 
Achnanthes ninckei has been investigated:

– Achnanthes ninckei guerMeer & Manguin 1953, slide 
PC0167805, in the herbarium of the Muséum national 
d’Histoire Naturelle (MNHN) in Paris
– Achnanthes germainii Manguin in bourrelly & Man-
guin 1954, slide AD9089, in the herbarium of the Musé-
um national d’Histoire Naturelle (MNHN) in Paris

For comparison, several populations of Psammothidium 
germainii observed on the islands in the South Indian 
Ocean (Prince Edward Islands, Iles Kerguelen and Heard Is-
land) have been analysed using light microscopical observa-
tions. The following samples have been investigated. 

– H565 (Heard Island, Long Beach, coll. date 21/12/2000, 
leg. N.J.M. Gremmen)
– K1810 (Ile Mayes, Iles Kerguelen, coll. date 
23/01/2004, leg. N.J.M. Gremmen)
– D181 (Marion Island, Prince Edward Islands, between 
Halfway Kop and top Piew Crags, 17/04/2003, leg. 
N.J.M. Gremmen)
– D186 (Marion Island, Prince Edward Islands, between 
Halfway Kop and top Piew Crags, 17/04/2003, leg. 
N.J.M. Gremmen)

More information regarding these samples can be found in 
Van de VijVer et al. (2004, 2008).

The biogeography of the (new) taxa was established 
based on the investigated samples from the South Indian 
Ocean islands, our observations on the South Shetland Is-
lands during this study and all iconographic material that 
exists from earlier Antarctic and sub–Antarctic studies. For 
a better characterization of the ecology of Psammothiidum 
germainii and its related taxa, all samples in which P. ger-
mainii was found in the Maritime Antarctic Region, were 
re–investigated for this study. 

results

Psammothidium germainii (ManguIn) sabbe in bou-
rrelly & ManguIn (1954, p. 22, pl. II, fig. 19a, b)
Original description (translated from the original 
French text by bourrelly & Manguin 1954) (Figs 1–8)
Valves elliptic, apices protracted, rostrate with broadly 
rounded poles, length 19 µm, width 8.5 µm. Raphe 
valve with lanceolate axial area, raphe filiform, central 
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area semi–circular, limited on one side by 2 striae, very 
distantly spaced from each other, widened to the valve 
margin on the opposite side. Rapheless valve with a 
narrow, linear longitudinal area, central area also semi–
circular, but limited on one side by more striae that are 
less distant, compared to the raphe valve. On both val-
ves, transapical striae about 16–18 in 10 µm in the me-
dian part of the valves, about 25 in 10 µm towards the 
apices, radiate and appearing finely punctate. 

Morphology of P. germainii based on all (sub–)An-
tarctic populations (Figs 9–81)
LM observations (Figs 9–77): Valves elliptic–lan-
ceolate to elliptic with clearly convex margins. Valve 
apices in larger specimens weakly protracted, sub–ro-
strate and finally rounded, in smaller specimens api-
ces clearly rounded. Valve dimensions (n=60): length 
12.0–37.0 µm, width 6.5–13.5 µm. Raphe valve: Axial 
area lanceolate, narrow becoming very narrow near 
the apices and gradually widening towards the cent-
ral area. Central area clearly asymmetrical, variable 
in size, rhombic (e.g., Figs 24, 25, 56), rounded (e.g., 
Figs 21, 22, 55) to transversally elliptic (Figs 19, 20, 
35, 51), bordered on one side by several, usually 2–6 
irregularly shortened striae, more distantly spaced than 
the others, and on the opposite side wedge– or bow–tie 
shaped, expanded, reaching the valve margin. Raphe 
filiform, weakly undulating. Proximal raphe endings 
straight, terminating slightly enlarged. Distal raphe fis-
sures hooked in opposite directions. Striae moderately 
to strongly radiate, sometimes weakly geniculate, more 
distantly spaced around the central area, and denser to-
ward the apices, (21)22–24 in 10 µm. Areolae not dis-
cernible. Rapheless valve: Axial area narrow, linear to 
weakly lanceolate, distinctly widening near the central 
area. Central area asymmetrical, rhombic (e.g., Figs 
12, 16, 72), almost rounded (e.g., Fig. 9, 68, 70), to 
apically elliptic in smaller valves, bordered on one side 
by shortened striae, slightly more distantly spaced than 
the others. Occasionally very short striae inserted be-
tween the other striae bordering the central area (e.g., 
Figs 10, 73). On the opposite side, central area wedge–
shaped, expanded to the valve margin. Transapical stri-
ae in the valve middle weakly to moderately radiate, 

becoming more radiate and up to strongly radiate near 
the apices, where more densely spaced, 22–24 in 10 
µm, finely punctate. Areolae sometimes well visible 
(e.g., Figs 18, 72). 

SEM observations (Figs 78–81): Raphe valve: Raphe 
located on a weakly raised, thickened sternum. Exter-
nal raphe branches curved. Proximal raphe endings 
straight, terminating in a small pore. Distal raphe en-
dings hooked, terminating onto the valve face, up to the 
valve face/mantle junction. Striae only present on the 
valve face/valve mantle junction, except at the apices, 
where one areola extending onto the mantle. External 
areola foramina rounded to transapically elongated and 
rectangular. Areolae occasionally fused forming larger 
transapically elongated slits close to the axial area. 
Areolae ca. 50–60 in 10 µm. Virgae wider than striae. 
Internally, raphe straight with straight, inconspicuous 
proximal raphe endings. Distal raphe endings bent in 
opposite directions terminating onto weakly developed 
helictoglossae. Areolae internally mostly transapically 
rectangular, occluded by individual hymenes. Virgae 
not raised, slightly wider than striae in the valve mid-
dle, becoming equal to and finally narrower than striae 
at the apices. Rapheless valve: Externally axial area 
narrow, linear, pseudoraphe indistinct. Striae termina-
ting onto the valve face/mantle junction, composed of 
slightly transapically elongated areolae, ca. 40–50 in 
10 µm. Areolae of the outermost row close to the val-
ve margin more elongated than the others, almost slit–
like. Virgae not raised, wider than the striae. Interna-
lly, pseudoraphe present in the form of a very shallow, 
barely visible, narrow slit–like depression. Areolae 
internally rectangular, covered by individual hymenes. 
Virgae slightly raised, almost equal to the striae, with 
exception of the virgae between the striae enclosing the 
central area, where virgae are slightly wider than striae. 

Ecology: Psammothidium germainii was most often 
found living in and on bare, oligotrophic to eutrophic, 
dry to moderately wet soils. Only a few populations 
were found in open waterbodies and on terrestrial mo-
sses. 

Figs 1–8. Achnanthes germainii Manguin: (1–6) LM, pictures taken from the type population (Iles Kerguelen, slide AD9089), single valves 
showing observed size range; (7–8) line drawings from the original publication (bourrelly & Manguin 1954). Scale bars 10 µm.
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Confirmed distribution: South Indian Ocean islands 
(Ile Amsterdam, Prince Edward Islands, Iles Crozet, 
Iles Kerguelen, Heard Island), Macquarie Island, South 
Shetland Islands (Deception Island, King George Is-
land, Nelson Island, Livingston Island), James Ross 
Island. 

Description of new taxa
Psammothidium rostrogermainii sp. nov. (Figs 82–
107)
Description
Light microscopy (Figs 82–103): Valves strictly ellip-
tic with clearly convex margins and clearly protracted, 
rostrate apices. Apices in the smallest valves more 
or less subrostrate. Valve dimensions (n=40): length 

8.5–24.0 µm, width 5.0–9.0 µm. Raphe valve: Axial 
area narrow, lanceolate, very narrow near the apices 
and gradually widening towards the central area. Cen-
tral area rounded (e.g., fig. 86) to rhombic (e.g., fig. 
82), asymmetrical, unilaterally expanded to one of the 
valve margins and bordered by usually 2–4 shortened 
striae on the opposite side. Raphe weakly undulating 
with almost inconspicuous, straight proximal raphe en-
dings. Distal fissures short, bent in opposite directions. 
Striae strongly radiate, clearly distantly spaced around 
the central area; denser, geniculate, and more radiate 
near the apices, (16)18–22 in 10 µm. Areolae not dis-
cernible. Rapheless valve: Axial area very narrow, li-
near, distinctly widening near the central area. Central 
area rhombic, asymmetrically expanded to one of the 

Figs 9–50. Psammothidium germainii (Manguin) Sabbe: (9–28) LM, pictures taken from various populations on the Prince Edward islands, 
single valves showing observed size range with Figs 9–18 representing rapheless valves and Figs 19–28 showing raphe valves; (29–39) LM, 
pictures taken from various populations on Iles Kerguelen, single valves showing observed size range with Figs 29–33 representing rapheless 
valves and Figs 34–39 showing raphe valves; (40–50) LM, pictures taken from various populations on Heard Island, single valves showing 
observed size range with Figs 40–44 representing rapheless valves and Figs 45–50 showing raphe valves. Scale bars 10 µm.
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valve margins, bordered by regularly shortened striae. 
Occasionally, very short striae inserted between the 
central striae (e.g., Figs 95, 96, 98). Striae moderately 
to strongly radiate throughout, more distantly spaced 
around the central area, denser and weakly geniculate 
towards the apices, 18–22 in 10 µm. Areolae not dis-
cernible. 

Scanning electron microscopy (Figs 104–107): Ra-
phe valve: Raphe straight, located on a slightly raised, 
thickened sternum (Fig. 105). Proximal raphe endings 
straight, simple (Fig. 105). Distal fissures simple, ter-
minating on the valve face near the last striae, short-
ly bent in opposite directions (Figs 105, 107). Striae 
uniseriate, terminating at the valve face/valve mantle 
junction. Each stria composed of slightly apically elon-
gated areolae, ca. 60–65 in 10 µm. Areolae of the first 
row near the axial area slightly larger than the others. 
Virgae almost not or only weakly raised, about 1.5–2 

times wider than striae (Fig. 105). Rapheless valve: 
Externally, axial area narrow, pseudoraphe weakly 
developed (Fig. 104). Scattered small, shallow, point–
like depressions present on the expanded to the margin 
side of the central area. Striae uniseriate, terminating 
on the valve face/valve mantle junction, composed of 
mostly weakly apically elongated areolae, becoming 
smaller and rounded near the apices, ca. 55–60 in 10 
µm.  Areolae of the first row next to the axial area sli-
ghtly larger than the others (Fig. 104). Virgae not, or 
only weakly raised, ca. 1.5–2 times wider than striae. 
Internally, areolae almost rectangular, occluded by in-
dividual hymens (Fig. 106). Virgae not raised, about 
1–2 times wider than striae. 

Holotype: BR–4440 (Botanic Garden Meise, Belgi-
um) 
Isotypes: PLP–296 (University of Antwerp, Belgium), 
BRM–ZU10/66 (huStedt Collection, Bremerhaven, 

Figs 51–77. Psammothidium germainii (Manguin) Sabbe: LM, pictures taken from various populations on Livingston Island, single valves 
showing observed size range with Figs 51–64 representing raphe valves and Figs 65–77 showing rapheless valves. Scale bars 10 µm.
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Germany). 
Type locality: Byers Peninsula, sample BY042, Li-
vingston Island, South Shetland Islands, (leg. B. Van 
de VijVer, coll. date: 14/01/2009)
Etymology: The specific epithet refers to the close re-
semblance to P. germainii and the rostrate apices. 

Ecology: Psammothidium rostrogermainii has been 
often observed together with other species of the 
Psammothidium germainii – complex in a variety of 
terrestrial habitats. It has been found most abundantly 
living on dry to wet mosses, moist and wet soils with 
a pH range of 5.9 to 7.4, and also on the bottom of 
a small lake, having an almost neutral pH (7.5) and a 
conductivity of 107 µS. 

Confirmed distribution: Psammothidium rostroger-
mainii was with certainty observed on several islands 
of the South Shetland Archipelago (Livingston Island, 
King George Island, Nelson Island, Dart Island and 
Deception Island) and James Ross Island. A survey 
of the existing iconographic material in the literature 
shows that it is much more widespread in the Antarctic 
region, but usually identified as P. germainii. Records 
could be verified based on illustrated valves from 
Signy Island (South Orkney Islands) (as Achnanthes 

germainii, oppenheiM 1994, figs 37–39), King George 
Island (South Shetland Islands) (noga & oleCh 2004, 
fig. 3a), Antarctic Peninsula (VinoCur & piZarro 2005, 
reported as Navicula clementis grunoW, fig. 3(15); Zi-
daroVa 2008, Pl. III, fig. 16, Pl. V, fig. 5; WatChaM 
2010, fig. 22) and the Antarctic Continent (eSpoSito et 
al. 2006, fig. 1d, as Psammothidium germainii var. #1; 
Sabbe et al. 2003, figs 11–12 and eSpoSito et al. 2008, 
figs 66–72,  as Psammothidium germainii ). 

Psammothidium germainioides sp. nov. (Figs 108–
138)
Description
Light microscopy (Figs 108–134): Valves elliptic–
lanceolate with clearly convex margins and rounded, 
slightly sub–rostrate apices. Valve dimensions (n=27): 
length 10.5–16.0 µm, width 5.0–6.5 µm. Raphe valve: 
Axial area very narrow, almost linear to weakly lanceo-
late, slightly enlarged towards the central area. Central 
area large, rounded (e.g., figs 108, 115) to broadly bow–
tie shaped (e.g., figs 110, 114), asymmetrical, strongly 
expanded toward one of the margins, and not reach-
ing the margin on the opposite side, where bordered by 
several short striae of irregular length. Raphe almost 
straight. Proximal raphe endings straight, relatively 
distant, slightly expanded. Distal fissures elongated, 

Figs 78–81. Psammothidium germainii (Manguin) Sabbe: (78–81) SEM, (78) external whole valve raphe valve view, (79) interior whole raphe 
valve view, (80) external whole valve rapheless valve view, (81) interior whole rapheless valve view. Scale bars 10 µm.
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hooked in opposite directions. Transapical striae mod-
erately radiate throughout, straight, never geniculate, 
26–30 in 10 µm. Areolae not discernible. Rapheless 
valve: Axial area very narrow. Pseudoraphe distinct. 
Central area variable in shape and size, almost rounded 

(e.g., figs 125, 131) to bow–tie shaped (e.g., fig. 127), 
bordered by irregularly shortened striae on both sides, 
or asymmetrically enlarged, reaching the margin on 
one of the sides, and bordered by short striae on the op-
posite side. Irregular depressions visible in the central 

Figs 82–107. Psammothidium rostrogermainii sp. nov.: (82–103) LM, pictures taken from the type population (Byers Peninsula, sample 
BY042, Livingston Island, South Shetland Islands), single valves showing observed size range; (104–107) SEM, (104) external whole raphe-
less valve view, (105) interior whole rapheless valve view, (106) external whole raphe valve view, (107) external whole raphe valve view of 
Psammothidium rostrogermainii (lower right) and P. germainii (upper left). Scale bars 10 µm.
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area. Transapical striae moderately radiate throughout, 
straight, not geniculate, more distantly spaced around 
the central area, denser toward the apices, 27–28 in 10 
µm. Areolae not discernible. 

Scanning electron microscopy (Figs 135–138): Ra-
phe valve: External raphe located on a slightly raised, 
thickened sternum (Fig; 135). Raphe weakly undulat-
ing. Proximal raphe endings straight and pore–like ex-
panded (Fig. 135). Distal endings elongated, hooked, 
terminating onto the mantle below the last stria (Fig. 

135). Central area large, bow–tie shaped, expanded 
to the margin at one side and bordered by short striae 
of 1–2 areolae on the other side. Scattered, irregularly 
placed, shallow, rounded depressions present in the 
central area. Striae uniseriate, straight, occasionally 
1–2 striae closer to the central area, geniculate, not 
continuing beyond the valve face/valve mantle junc-
tion, with the exception of the striae near the apices, 
where a row of areolae of the last 3–4 striae extends 
onto the mantle (Fig. 135).  Each stria composed of 
small, rounded areolae, 60–70 in 10 µm. Areolae onto 

Figs 108–138. Psammothidium germainioides sp. nov.: (108–134) LM, pictures taken from the type population (Clarke’s Nunatak, Byers 
Peninsula, sample BYM043, Livingston Island, South Shetland Islands), single valves showing observed size range; (135–138) SEM, (135) 
external whole rapheless valve view, (136) interior whole rapheless valve view, (137) external whole raphe valve view, (138) interior whole 
raphe valve view. Scale bars 10 µm.
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the valve face/mantle junction slightly larger than the 
others, as well as some of the areolae, bordering the 
axial area. Virgae not raised, about twice as wide as 
the striae. Internal raphe straight (Fig. 137). Proximal 
endings shortly bent in opposite directions. Distal ra-
phe endings finishing onto helictoglossae, bent op-
posite to the proximal raphe endings and in opposite 
directions one to another. Areolae internally almost 
rectangular, occluded by individual hymenes. Virgae 
slightly raised, wider than the striae in the most part of 
the valve, becoming equal to and finally narrower than 
striae at the apices (Fig. 137). Rapheless valve: Pseu-
doraphe distinct both externally and internally (Figs 
136, 138). Externally, pseudoraphe formed by many ir-
regular depressions in the axial area. In the central area 
large number of scattered rounded depressions present. 
About half of the areolae of the striae, bordering the 
central area covered by a silica layer (Fig. 136). Striae 
uniseriate, composed of rounded to weakly apically 
elongated areolae, ca. 60 in 10 µm. Last areola near 
the margin sometimes smaller than the others. Virgae 
raised, almost equal to the striae or slightly wider than 
the striae, except the virgae between the striae border-
ing the central area, that are about twice as wide. Inter-
nally, pseudoraphe present as a shallow, narrow, slight-
ly curved slit, located on a raised sternum and a small, 
distinct, rounded central nodule (Fig. 138). Axial and 
central area forming an even, lanceolate hyaline area 
on the entire valve axis. Areolae internally rectangular. 
Virgae wider than the striae in most of the valve, equal 
to and finally narrower than the striae near the apices, 
where virgae could be slightly raised (Fig. 138). 

Holotype: BR–4441 (Botanic Garden Meise, Bel-
gium). 
Isotypes: PLP–297 (University of Antwerp, Belgium), 
BRM–ZU10/67 (huStedt Collection, Bremerhaven, 
Germany) 
Type locality: Clarke’s Nunatak, Byers Peninsula, 
sample BYM043, Livingston Island, South Shetland 
Islands, (leg. B. Van de VijVer, coll. date: 12/01/2009)
Etymology: The specific epithet refers to the close re-
semblance to P. germainii. 

Ecology: Psammothidium germainioides was not of-
ten observed and usually with not large populations 
on moist soil under moss vegetation covers, on moist 
mosses near bird colonies and on the bottom of a small 
creek, covered by Prasiola crispa, having a neutral pH 
(7.00) and a specific conductance value of 117 µS. 

Confirmed distribution: Signy Island, South Orkney 
Islands (as Achnanthes ninckei, oppenheiM 1994, figs 
17–20, 54–57) and most major islands of the South 
Shetland Islands (King George Island, Nelson Island 
and Livingston Island). 

Psammothidium germainii, entirely rapheless popu-
lations (Figs 139–163)
On the Prince Edward Islands (South Indian Ocean) and 
on Livingston Island (South Shetland Islands, South 
Atlantic Ocean), two populations of Psammothidium 
germainii have been observed where both valves of 
the same frustule lack a raphe. Both populations show 
a clear difference in valve outline. The population of 
the Prince Edward Islands (Figs 154–163) has a typical 
diamond–shaped valve outline, whereas the Livingston 
Island population (Figs 139–153) is more rhombic–
lanceolate. Unfortunately, the Prince Edward Islands 
population is very small and no valves were observed 
in the SEM, so a comparison of the ultrastructure be-
tween both populations was not possible. 

In LM, the Livingston Island rapheless popula-
tion does not show large differences with the rapheless 
valves of the normal P. germainii populations. In the 
SEM, on the other hand, it is clear that the sternum 
in both valves is entirely filled with silica (Figs 150, 
151). Moreover, the entire valve is very heavily silici-
fied with small, irregular ridges bordering the external 
areolar foramina. Small silica plates are extending 
from these ridges covering partly the areolae (Figs 150, 
152). A few valves have been observed that show simi-
lar heavily silicified valves with the typical silica out-
growths around and on the areolae (Figs 149, 153) but 
that have a slightly more primitive raphe, compared to 
the normal P. germainii populations (compare Figs 153 
& 78). 

dIscussIon

It is clear that the generally accepted idea of Psammo-
thidium germainii needed a serious revision. The re-
sults of this revision indicated clearly that not one but at 
least three taxa were regularly identified as P. germai-
nii. Based on their morphology, these three taxa can be 
clearly separated from each other. The morphological 
analysis of the type material of Achnanthes germainii 
and the comparison with all populations observed on 
the islands in the South Indian Ocean pointed out that 
all these populations, although from different islands, 
showed a rather low morphological variability. Given 
the similarity with the type of A. germainii, these popula-
tions can be identified with certainty as Psammothidium 
(Achnanthes) germainii. The only marked difference 
between the South Indian Ocean populations are the 
valve dimensions, with the populations observed on 
the Prince Edward Islands being clearly larger than the 
populations on the other islands. 

Part of the populations on the investigated lo-
calities in the South Atlantic Ocean (South Shetland 
Islands, James Ross Island) presented the same mor-
phology as the South Indian Ocean Islands and can the-
refore likewise be identified as P. germainii. The same 
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morphometrical variability can be observed within the 
South Atlantic populations as within the South Indian 
populations. The morphological analysis of all these 
populations and their comparisons with the few valves 
observed in the type material of Achnanthes germainii 
allowed for a better morphological and morphometric 
description of P. germainii. 

On the South Shetland Islands (own observa-
tions), James Ross Island (own observations) and the 

Antarctic Continent (e.g., Sabbe et al. 2003), a typica-
lly rostrate form was observed, which is here descri-
bed as a separate species, P. rostrogermainii sp. nov. 
In samples where both P. germainii and P. rostroger-
mainii were present, a morphological continuum from 
germainii to rostrogermainii was never observed. Be-
sides the clear difference in valve outline, consistent 
throughout the entire cell cycle, the new species also 
differed from P. germainii in having a lower stria den-

Figs 139–163. Psammothidium germainii (Manguin) Sabbe, populations having frustules with only rapheless valves: (139–149) LM, pictures 
taken from the Livingston Island population (South Shetland Islands), single valves showing observed size range; (150–153) SEM, (150–151) 
external whole rapheless valve views, (152) external detail of the areolae with the rimmed edges, (153) external whole valve view of a valve 
with a reduced raphe; (154–163) LM, pictures taken from the Prince Edwards Islands population. Scale bars 10 µm.
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sity and more distantly spaced striae near the central 
area in the raphe valve. Figure 107 shows the raphe 
valves of both taxa on the same picture highlighting 
the morphological differences between both. There are 
hardly any other strictly rostrate Psammothidium taxa 
known in the Antarctic Region and more in general 
even worldwide. Psammothidium rechtensis (leCler-
Cq) lange–bertalot shows slightly rostrate valves but 
differs in striation pattern, lacking the asymmetrical 
fascia, and has a typical apical curving of the valve, 
which is almost absent in P. germainii (lange–berta-
lot & KraMMer 1989). Achnanthidium australexiguum 
Van de VijVer and A. exiguum (grunoW) CZarneCKi 
have both a clear fascia on the raphe valve, almost pa-
rallel valve margins, more parallel striae and an almost 
completely absent central area on the rapheless valve, 
greatly reducing possible confusion with P. rostroger-
mainii (taylor et al. 2014). 

The third species, P. germainioides sp. nov., 
has been probably reported under different names in 
the Antarctic literature. Kellogg & Kellogg (2002) 
listed several records of Eucocconeis ninckei, E. 
laevis (oeStrup) lange–bertalot and E. quadratarea 
(oeStrup) lange–bertalot. On Livingston Island and 
James Ross Island, several populations of P. germanioides 
were initially identified as E. ninckei since the exact mor-
phology of the type of the latter species was not known. 
Comparison of the valves found in the type (Figs 
164–168) with the different observed populations and 
the illustrations found in the Antarctic literature (e.g., 
oppenheiM 1994, figs 17–20) rejected however the po-
ssible conspecificity with E. ninckei. Psammothidium 
germainioides shows some resemblance to Psammo-
thidium investians (Carter) buKhtiyaroVa and P. are-
tasii (Manguin) le Cohu. Psammothidium investians, 
described by Carter from the Tristan da Cunha archi-
pelago (Carter 1966) in the South Atlantic Ocean has 
elliptical to lanceolate–elliptical valves lacking any 
protracted apices. The species possesses on both val-
ves a smaller central area than P. germainioides and a 
higher stria density (up to 34 in 10 µm) (Van de VijVer 
et al. 2002). Psammothidium aretasii on the other hand 

has more elongated, lanceolate valves with acutely 
rounded, protracted apices, giving the species a more 
slender outlook than P. germainioides. The central 
area in the rapheless valve of P. aretasii is larger and 
clearly elliptical on one side compared to the central 
area in P. germainioides (Van de VijVer et al. 2002). 
Psammothidium germainii s.s. can be separated from 
P. germainioides based on the larger valve width (abo-
ve 6.5 µm in P. germainii and less than 6.5 µm in P. 
germainioides), as well as the smaller stria density (up 
to 24 striae in 10 µm in P. germainii vs. more than 26 
striae in 10 µm in P. germainioides). Other differences 
include the comparatively larger central area of both 
raphe and rapheless valves of P. germainioides and the 
higher number of areolae (≥ 60 vs. less than 60 in 10 
µm in P. germainii).

The entirely rapheless populations of P. germainii on 
Livingston Island and the Prince Edward Islands are 
quite unusual. Both valves of the same frustule pre-
sented a raphe sternum that was completely occluded 
with silica. Raphe loss has been observed in other ra-
phid diatom species but was usually the result of co-
lony formation such as in Diadesmis gallica W.SMith 
(Cox 2006), together with the presence of spines. On 
the South Indian Ocean islands Frankophila maillardii 
(le Cohu) lange–bertalot shows a clear distinction 
between valves with a raphe, lacking spines and valves 
with raphe vestiges and well developed spines linking 
the valves into long chains (Van de VijVer et al. 2002). 
However, colonies of P. germainii have never been ob-
served and the silica ridges between the areolae can 
hardly be called spines. Since we were unable to find 
valves from the Prince Edward Islands population in 
the SEM, it is unclear whether both rapheless popula-
tions are indeed similar to each other and whether they 
are truly conspecific with P. germainii. On Livingston 
Island, the rapheless population was found in the same 
sample as the normal P. germainii. But since both ra-
pheless populations were only observed in one samp-
le on each island respectively, and no other records of 
these rapheless valves could be found in literature, it is 
more likely that they represent a local (possibly terato-
genic) aberration that led to the filling of the raphe with 
silica, and not (a) separate species. We refrained there-
fore from describing these populations as new species 
at present. 
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