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Abstract 25 

During a survey of the freshwater littoral diatom flora from lakes and ponds in the region of 26 

Petuniabukta on Spitsbergen (Svalbard Archipelago, High Arctic region) a new Achnanthidium 27 

species, A. petuniabuktiana sp. nov., has been recorded. Achnanthidium petuniabuktiana is a new 28 

representative of the A. pyrenaicum group as evidenced by its curved distal raphe fissures. The 29 

present paper describes in detail the morphology of A. petuniabuktiana based on light and 30 

scanning electron microscopy. The new taxon is characterized in having linear valves with 31 

parallel margins and broadly rounded, never protracted apices and a characteristic, in light 32 

microscopy hardly discernible, striation pattern consisting of very short striae composed of one 33 

or two small, always slit–like areolae. Based on current results, Achnanthidium petuniabuktiana 34 

is a benthic taxon occurring in epilithic and epiphytic habitats in the littoral zones of freshwater 35 

lakes and ponds.  36 

 37 

Key words Svalbard, Arctic Region, Achnanthidium, diatoms, taxonomy, morphology, new 38 

species  39 

 40 
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 49 

Introduction 50 

Since the middle of the 20
th

 century, the Arctic has been the subject of several large diatom 51 

(Bacillariophyta) studies addressing the Arctic freshwater diatom diversity (Douglas & Smol 52 

2010 and references therein). Many of these studies however applied a broad morphospecies 53 

concept (Mann 1999), lumping together taxa that may represent separate species. Moreover, a 54 

large number of Arctic diatom taxa have been force–fitted (Tyler 1996) into a West–European or 55 

North–American framework, which may have led to a biased view of the diversity and 56 

biogeography of Arctic diatoms. In their study on the freshwater diatom diversity in the 57 

Canadian Arctic Archipelago, Antoniades et al. (2008, 2009) used a narrower species concept 58 

which resulted in the description of seven new taxa, apart from a high number of at present 59 

unidentified valves in need of more thorough taxonomic analysis. This underestimation of 60 

diatom diversity is especially relevant for the High Arctic archipelago of Svalbard (76.50°–61 

80.50°N and 10–35°E). In the past, only Foged (1964), listing 572 taxa, described a large 62 

number of new taxa whereas later authors such as Van de Vijver et al. (1999) applied a broad 63 

morphospecies concept focusing only on ecology and community structure rather than diatom 64 

taxonomy. Incorrect assessments of species distributions might be especially relevant for diatom 65 

genera containing small–celled species such as Achnanthidium Kützing (1844: 75), a widespread 66 

genus in various types of freshwater habitats comprising two distinct groups of species (Round & 67 

Bukhtiyarova 1996). The A. minutissimum (Kützing 1833: 578) Czarnecki (1994: 157) –complex 68 

is characterized by straight distal raphe endings whereas the A. pyrenaicum (Hustedt 1939: 554) 69 

Kobayasi (1997: 148) group possesses distal raphe fissures that are unilaterally deflected or even 70 

hooked (Round & Bukhtiyarova 1996, Kobayasi 1997). The A. pyrenaicum group is a rather 71 

diverse group with several representatives in Europe, mainly occurring in running waters 72 
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(Ponader & Potapova 2007). In recent years, several taxa have already been described or 73 

redefined within both the A. minutissimum complex and the A. pyrenaicum group (among others, 74 

Potapova & Ponader 2004, Potapova 2006, Jüttner & Cox 2011, Novais et al. 2011, Taylor et al. 75 

2011, Van de Vijver et al. 2011a,b, Van de Vijver & Kopalová 2014, Wojtal et al. 2011).  76 

The present study is part of a series of publications addressing the freshwater diatom 77 

diversity of the Petuniabukta fjord area in Spitsbergen (Svalbard Archipelago, High Arctic), 78 

During a survey of the freshwater diatom diversity of this area in the framework of the Czech 79 

education program of polar ecology undertaken by the Centre for Polar Ecology of the 80 

University of South Bohemia (reports of Czech research activities in Petuniabukta: 81 

http://polar.prf.jcu.cz/docs_cz.htm) more than 300 diatom taxa were observed. Several of these 82 

could not be identified using the currently available (Arctic) diatom literature. The current paper 83 

gives a formal description of another new species: Achnanthidium petuniabuktiana sp. nov., a 84 

new representative of the A. pyrenaicum group. 85 

 86 

Materials & Methods 87 

Study area 88 

Petuniabukta (78.67°–78.75°N and 16.43°–16.67°E) is located in the northern part of 89 

Billefjorden, the inner branch of Isfjorden in the central part of Spitsbergen (Fig. 1). It belongs to 90 

the maritime High Arctic climate zone characterized by relatively cold winters (–11.9 °C at 91 

Isfjord radio, 78.67°N and 13.47°E) and low precipitation rates of about 200 mm a year (Birks et 92 

al. 2004, Rachlewicz et al. 2007, Komárek et al. 2012). Steep mountain slopes, ranging between 93 

265 and 937 m a.s.l., surround the fjord and are mainly composed of Carboniferous–Permian 94 

sedimentary rocks such as dolomite and limestone (Dalmann et al. 1999) resulting in the input of 95 

http://polar.prf.jcu.cz/docs_cz.htm
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cations in most lakes causing the overall alkaline pH of the surface waters in the study area. The 96 

entire region rose due to glacioisostatical uplift since deglaciation at the end of the last Ice Age, 97 

about 11,200–11,300 years ago (Baeten et al. 2010), which resulted in the development of 98 

several good–preserved raised marine beaches (Szczuciński & Rachlewicz 2007). Ten glaciers, 99 

among which the large tide–water glacier Nordenskiöld, are located in the area. The end of the 100 

Little Ice Age on Svalbard at the beginning of the 20
th

 century and the enhanced greenhouse 101 

effect since 1920 resulted in a 50–53% decrease of extent of Petuniabukta’s glaciers since 1900 102 

(Overpeck et al. 1997, Rachlewicz et al. 2007, D’Andrea et al. 2012). Due to the presence of 103 

numerous ponds and lakes, differing in age, type and origin, the study area is interesting for 104 

freshwater diatoms. 105 

 106 

Sample collection 107 

During the boreal summer of 2013, more than 80 epilithon, epipelon and epiphyton samples of 108 

the littoral zones from 53 lakes and ponds were taken for diatom analysis. For each water body, 109 

the epilithon of five to ten stones originating from the littoral zone was scraped off using a knife. 110 

Epipelon samples were taken by scraping off the upper half cm of the sediments in the littoral 111 

zone using a falcon tube. For the epiphyton, above ground parts of mosses were cut and 112 

transferred to a falcon tube. All sampling equipment was washed before and after sampling in 113 

order to prevent cross contaminations between samples. Diatom samples for morphological 114 

analysis were fixed with 96% ethanol for preservation immediately upon collection. The 115 

temperature, pH and specific conductance of the water were measured using a HANNA
®
 Combo 116 

pH/EC Tester (HANNA
®
 Instruments). Table 1 lists all samples of which material was used in 117 

the present study together with their GPS positions and measured ecological parameters. 118 
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 119 

Slide preparation & microscopy 120 

Subsamples of the natural samples were prepared for light microscopy (LM) observation 121 

following the method described in Van der Werff (1955). Small parts of the samples were 122 

cleaned by adding 37% H2O2 and heating to 80°C for about 1h. The reaction was completed by 123 

addition of KMnO4. Following digestion and centrifugation (three times 10 minutes at 3700 x g), 124 

cleaned material was diluted with distilled water to avoid excessive concentrations of diatom 125 

valves on the slides. Cleaned diatom material was mounted in Naphrax
®
. All slides were studied 126 

at 1000x magnification under oil immersion using an Olympus
®
 BX51 microscope equipped 127 

with Differential Interference Contrast (Nomarski) optics. For scanning electron microscopy 128 

(SEM), parts of the oxidized suspensions were filtered through a 1 µm Isopore™ polycarbonate 129 

membrane filter (Merck Millipore). The stubs were sputter–coated with a Gold–Palladium layer 130 

of 20 nm and studied in a ZEISS Ultra SEM microscope at 3 kV (Natural History Museum 131 

London, UK). Samples and slides are stored at the Botanic Garden Meise (BR), Belgium and are 132 

available upon request. 133 

Diatom terminology on valve outline and raphe structures followed Round et al. (1990) 134 

and Krammer & Lange-Bertalot (1991). For comparison, the following publications were 135 

consulted: Lowe & Kociolek (1984), Kobayasi (1986), Kobayasi (1997), Potapova & Ponader 136 

(2004), Potapova (2006), Ponader & Potapova (2007), Spaulding et al. (2010), Wojtal et al. 137 

(2010), Jüttner et al. (2011a,b), Pérès et al. (2012) and Gassiole et al. (2013). 138 

 139 

Results 140 

Division Bacillariophyta 141 
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Class Bacillariophyceae Haeckel emend. Medlin & Kaczmarska 2004  142 

Subclass Bacillariophycidae D.G.Mann in Round et al. 1990  143 

Order Achnanthales Silva 1962  144 

Family Achnanthidiaceae D.G.Mann in Round et al. 1990  145 

Genus Achnanthidium Kützing 1844  146 

 147 

Achnanthidium petuniabuktiana sp. nov.      (Figs 2–32) 148 

 149 

Type:—NORWAY, SVALBARD ARCHIPELAGO. Spitsbergen: Petuniabukta, 150 

Mathiessondalen, epiphyton on moss from a wetland adjacent to a lake, 30m a.s.l., 78.56317°N 151 

and 16.58725°E, 26 July 2013, sample SPITS 2013/029, (holotype slide no. BR–4177, Botanic 152 

Garden Meise, Belgium; isotype slide no. PLP–288, University of Antwerp, Belgium). 153 

 154 

Morphological characterization (LM & SEM):—Frustules rectangular, only slightly arched in 155 

girdle view (Figs 2, 27 & 32). Cingulum composed of three open, unperforated copulae (Figs 27, 156 

32). Valvocopula typically showing two indentations at one third from the valve apex (Fig. 32). 157 

Mantle areolae slit–like (Figs 27 & 32). Valves linear with broadly rounded apices. Valve 158 

dimensions (n=20): length: 8.9–20.1 m, width 1.9–2.9 m. Raphe valve (Figs 3–11, Figs 20–159 

26): valves concave. Axial area broad, linear, slightly narrowing towards the distal raphe endings 160 

(Figs 20–22). Central area broad, forming a clear rectangular fascia (Figs 20–22). Shortened 161 

marginal striae occasionally present in the central area (Fig. 22). Central striae slightly more 162 

widely spaced (Fig. 22). External raphe branches straight, filiform, slightly broadening towards 163 

the central area terminating in simple, straight to weakly bent proximal raphe endings (Figs 20–164 
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22). External distal raphe endings terminating just beyond the last apical striae, distinctly 165 

unilaterally hooked (Figs 20–23). Internal proximal raphe endings slightly bent in opposite 166 

directions, internal distal raphe endings straight terminating into small helictoglossae (Figs 24–167 

26). Distal raphe endings hardly discernible in LM. Striae, 39–44 in 10 m, hardly visible in LM. 168 

In SEM, striae clearly parallel throughout the entire valve, composed of one to two transapically 169 

elongated areolae (Fig. 20–23). Rapheless valve (Figs 12–19, Figs 27–31): valves convex. Axial 170 

area very broad, slightly narrowing towards the distal raphe endings (Figs 27–28 & 30). Central 171 

area almost absent, formed by a slightly widening axial area (Fig. 28). Central striae slightly 172 

more widely spaced (Fig. 28). Central area occasionally lacking marginal striae thus forming a 173 

clear fascia (Fig. 27). Striae, 38–42 in 10 m, hardly discernible in LM. In SEM, striae parallel 174 

throughout, composed of usually one, rarely two, transapically elongated areolae (Figs 27–28, 175 

30). 176 

Etymology:—The specific epithet petuniabuktiana refers to the fjord area, Petuniabukta, 177 

where the new taxon was found. 178 

Ecology, distribution and associated diatom flora:—So far, A. petuniabuktiana has 179 

only been found in Petuniabukta (Spitsbergen, Svalbard Archipelago). The new species is 180 

described from a wetland adjacent to a small lake characterized by an alkaline pH (8.1) and a 181 

moderately high specific conductance value (761 μS/cm). At the type locality, this taxon was 182 

solely observed in association with moss vegetation, both submerged and terrestrial (wetland). A 183 

second population was observed in an epilithon sample of a shallow pond in the terminal 184 

moraine of a glacier. Due to logistic constraints, physicochemical measurements of this locality 185 

could not be obtained. In all cases, the abundances of this taxon were low (0.5–3.8% of all 186 

counted valves). The associated diatom flora was dominated by species of the A. minutissimum 187 
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complex, Denticula tenuis Kützing (1844: 43), D. kuetzingii Grunow (1862: 546), Staurosirella 188 

aff. lapponica (Grunow in Van Heurck 1881: 45) D.M.Williams & Round (1987: 274), two at 189 

present unidentified Encyonopsis Krammer (1997: 91) taxa and Nitzschia cf. perminuta (Grunow 190 

in Van Heurck 1881: 68) Peragallo (1903: 672). 191 

 192 

Discussion 193 

Achnanthidium petuniabuktiana belongs to the genus Achnanthidium as it is characterized by 194 

small, narrow valves, shallow V–shaped valves in girdle view, uniseriate striae, a fine central 195 

raphe and straight or curved distal raphe fissures (Round & Bukhtiyarova 1996). The curved 196 

distal raphe fissures of A. petuniabuktiana clearly place it within the A. pyrenaicum group 197 

(Round & Bukhtiyarova 1996; Kobayasi 1997). A large number of Achnanthidium taxa present 198 

typical indentations in the mantle and small dents in their valvocopula, also observed in A. 199 

petuniabuktiana (see for instance Jüttner et al. 2011a, Novais et al. 2015).  200 

No molecular data were obtained from A. petuniabuktiana as it was not observed in living 201 

material of the type locality collected in August 2014, likely due to its rarity and small cell size. 202 

However, the description of A. petuniabuktiana as new to science is entirely justified as A. 203 

petuniabuktiana is morphologically clearly different from any previously observed species 204 

within neither the A. pyrenaicum group nor the entire genus Achnanthidium. So far, no other 205 

Achnanthidium taxon with a similar morphology has been found and therefore confusion with 206 

other currently known taxa is virtually excluded (Table 2). Species within the A. pyrenaicum 207 

group generally seem to possess valve outlines varying between linear–lanceolate, linear–208 

elliptical and elliptical whereas A. petuniabuktiana shows clearly narrow, linear valves with 209 

parallel margins (Table 2). Moreover, other taxa with curved distal raphe fissures such as A. 210 
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pyrenaicum, A. crassum (Hustedt 1938: 194) Potapova & K.C.Ponader (2004: 38), A. rivulare 211 

Potapova & K.C.Ponader (2004: 36), A. deflexum (Reimer 1966: 256) Kingston (2000: 410), A. 212 

reimeri (Camburn 1978: 173) K.C.Ponader & Potapova (2007: 235), A. alpestre (R.L.Lowe & 213 

Kociolek 1984: 468-469) R.L.Lowe & Kociolek in Johansen et al. (2004: 23), A. zhakovschikovii 214 

Potapova (2006: 400), A. convergens (H.Kobayasi 1986: 84) H.Kobayasi (1997: 159), A. 215 

latecephalum H.Kobayasi (1997: 151), A. delmontii Pérès, Le Cohu & Barthès (2012: 190), A. 216 

palmeti Gassiole, Le Cohu & M.Coste (2013: 22) and A. rostropyrenaicum Jüttner & E.J.Cox 217 

(2011: 49) all possess two or more areolae per stria on the valve face and the striae are never as 218 

shortened as in A. petuniabuktiana (Table 2). Morphological separation of A. petuniabuktiana 219 

from other taxa within the A. pyrenaicum group is thus possible based on its characteristic 220 

striation pattern (short striae with one or two small and always slit–like areolae), the in LM 221 

hardly visible striae and its distinctly linear valves with parallel margins and broadly rounded, 222 

never protracted, apices. 223 

Achnanthidium petuniabuktiana was only observed at two localities in Petuniabukta and 224 

has so far not been found in other (Arctic) regions as we did not find reports of (undescribed) 225 

taxa resembling the new species. Future observations of this taxon should allow gaining insight 226 

in its ecology and biogeography. For now A. petuniabuktiana is generally regarded as a typical 227 

benthic taxon occurring in both epilithic and epiphytic habitats restricted to the littoral zones of 228 

lakes. Its occurrence in a moss sample of a wetland adjacent to a lake might suggest A. 229 

petuniabuktiana to be to some level resistant to lake water level changes and the associated 230 

drying of its habitat, but as no living cells were observed, this cannot be undoubtedly proved.  231 

It is highly unlikely that A. petuniabuktiana has been confused with other Achnanthidium 232 

taxa in the past as evidenced by its unique valve morphology, suggesting that the new species 233 
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does not show a widespread distribution in well studied areas such as Western–Europe and 234 

North–America. Therefore, it is hypothesized that A. petuniabuktiana is a true Arctic taxon 235 

which might have been overlooked in past surveys of the Arctic diatom flora due to its rarity, 236 

small valve sizes or confusion with girdle bands of similar shaped species resulting from the lack 237 

of distinct morphological characteristics of the rapheless valves of A. petuniabuktiana. Whether 238 

this species is restricted to Spitsbergen or has a wider distribution in the (High) Arctic remains 239 

unclear until more observations are reported. However, the finding of A. petuniabuktiana adds 240 

additional evidence to the existence of distinct diatom biogeographies (Vyverman et al. 2007, 241 

Vanormelingen et al. 2008) and suggests that the Arctic diatom flora is much more unique than 242 

was previously accepted (Antoniades et al. 2009, Pinseel et al. unpublished data). 243 
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Figure captions. 439 

 440 

FIGURE 1. Map of the Svalbard Archipelago (Bjørnøya excluded) with indication of the study 441 

area. 442 

 443 

FIGURES 2–26. Achnanthidium petuniabuktiana sp. nov. Light and scanning electron 444 

micrographs. All pictures taken from the type population (BR–4177). Fig. 1. LM view of a 445 

frustule in girdle view. Figs 3–11. LM views of raphe valves. Figs 12–19. LM views of rapheless 446 

valves. Figs 20–22. SEM external views of an entire raphe valve. Fig 23. SEM detail of the distal 447 

raphe ending of a raphe valve. Figs 24. SEM detail of the internal raphe valve. Figs 25–26. SEM 448 

internal views of an entire raphe valve. Scale bars always 10 μm, except Figs 23–24 where scale 449 

bar is 1 μm and Fig. 25 where scale bar is 5 μm. 450 

 451 

FIGURES 27–32. Achnanthidium petuniabuktiana sp. nov. Light and scanning electron 452 

micrographs. All pictures taken from the type population (BR–4177). Fig 27–28. SEM external 453 

views of an entire rapheless valve. Fig. 29. SEM internal view of an entire rapheless valve. Fig. 454 

30. SEM detail of an external rapheless valve. Fig. 31. SEM detail of an internal rapheless valve. 455 

Fig. 32. SEM view showing a frustule in girdle view. Scale bars always 10 μm, except Figs 30–456 

31 where scale bar is 1 μm. 457 

 458 

 459 

  460 
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Tables and table captions. 461 

 462 

TABLE 1. List of all samples examined in this study with their geographic position and 463 

measured ecological parameters. The specific conductance represents the field measurement at 464 

the given ambient temperature. ND = not determined. 465 

 466 

Sample ID SPITS2013/028 SPITS2013/029 SPITS2013/H1B 

Collection date 26 July 2013 26 July 2013 30 July 2013 

Geographic location Mathiessondalen  Mathiessondalen  Hørbyebreen 

GPS (N) 78.56317° 78.56317° 78.73492° 

GPS (E) 16.58725° 16.58725° 16.44792° 

Elevation (m a.s.l.) 30 30 37 

pH 8.1 ND ND 

Cond (μS/cm) 761 ND ND 

T (°C) 8.8 ND ND 

Sample type Epiphyton of the 

littoral zone of a lake 

Epiphyton of a 

wetland next to a lake 

Epilithon of the littoral 

zone of a pond 

Collector E. Pinseel E. Pinseel E. Bohdalková 

 467 

 468 

TABLE 2. Overview of morphological characteristics of A. petuniabuktiana and several other 469 

taxa within the A. pyrenaicum group 470 

 471 

 472 

 473 

 474 

 475 

 476 

 477 
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 A. petuniabuktiana 

 

A. pyrenaicum A. rivulare  

 

A. zhakovschikovii A. convergens 

 

observations this study Hustedt 1939, 

Kobayasi 1997, 

Potapova & 

Ponader 2004 

Potapova & 

Ponader 2004 

Potapova 2006 Kobayasi 1986 

      

valve length 

(µm) 

8.9–20.1 8.4–18.4 5.4–21.3 9.1–14.8 10.0–25.0 

valve width 

(µm) 

1.9–2.9 2.7–4.6 2.6–4.4 2.9–4.0 4.0–4.5 

valve outline 
linear linear-lanceolate 

to elliptical 

linear-elliptical linear to elliptical linear-lanceolate 

apices 
broadly rounded subrostrate rounded or slightly 

protracted apices 

broadly rounded broadly rounded 

Raphe valve      

axial area 

broad, linear, 

slightly widening 

towards the central 

area 

narrow, linear, 

slightly widening 

towards the 

central area 

narrow, linear, 

slightly widening 

towards the central 

area 

narrow, linear, 

widening towards the 

central area 

narrow, linear, 

widening towards the 

central area 

central area 
broad, rectangular 

fascia 

small small, rounded rectangular, 

asymmetric 

small, rounded 

striation pattern 

parallel  parallel, becoming 

slightly radiate 

near the apices 

parallel, often 

slightly radiate near 

apices 

slightly radiate slightly radiate, 

becoming convergent 

near the apices 

number of striae 

(in 10 µm) 

39–44 25 in the middle 

part 

19–25 in the 

middle part and up 

to 55 near the 

apices 

23–30 in the middle, 

up to 48 near the 

apices 

ca. 18 in the middle, 

up to 36–40 near the 

apices 

 

areolae per stria 

in the middle 

part 

1–2  3–5  5–6 (occasionally 

7)  

4–5  5–7  
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external areolae 

openings 

transapically 

elongated 

rounded or 

transapically 

elongated 

rounded or slightly 

transapically 

elongated 

transapically 

elongated 

rounded or 

transapically 

elongated 

Rapheless 

valve 

     

axial area 

broad, linear, 

narrowing towards 

the apices 

narrow, linear narrow, linear, 

slightly widening 

towards the central 

area 

wide, occupying 1/3 

of the valve 

narrow, linear, 

widening towards the 

central area 

central area almost absent almost absent almost absent absent almost absent 

striation pattern 

parallel parallel, becoming 

slightly radiate 

near the apices 

parallel, slightly 

radiate near the 

apices 

parallel, slightly 

radiate near the apices 

parallel, becoming 

slightly radiate near 

the apices 

number of striae 

(in 10 µm) 

38–42 21 in the middle 

part 

19–28 in the 

middle part and up 

to 43 near the 

apices 

21–28 in the middle, 

up to 30–40 near the 

apices 

ca. 18 in the middle, 

up to 36–40 near the 

apices 

areolae per stria 

in the middle 

part  

1, occasionally 2,  3–5  5–6 (occasionally 

7)  

4–5  5–7  

external areolae 

openings 

transapically 

elongated 

rounded or 

transapically 

elongated 

rounded or slightly 

transapically 

elongated 

rounded or 

transapically 

elongated 

rounded or 

transapically 

elongated 

 478 

 479 

 480 

 481 

 482 
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 A. deflexum  A. alpestre 

 

A. reimeri 

 

A. latecephalum 

 

A. crassum  

observations Reimer 1966, 

Potapova & 

Ponader 2004 

Lowe & Kociolek 

1984, Spaulding et al. 

2010 

Camburn 1978, 

Ponader & Potapova 

2007, Spaulding et al. 

2010 

Kobayasi 1997 Potapova & 

Ponader 2004 

      

valve length 

(µm) 

7.4–27.1 9.0–27.0 10.0–18.0 10–18 7.3–19.6 

valve width 

(µm) 

3.5–5.2 2.5–5.0 3.5–5.5 4.0–4.5 3.0–4.5 

valve outline 
linear-elliptical to 

elliptical 

linear-lanceolate linear-elliptical to 

linear-lanceolate 

linear-lanceolate linear-elliptical to 

elliptical 

apices 
subrostrate to 

obtusely rounded 

subrostrate  subrostrate to rostrate rostrate rounded 

Raphe valve      

axial area 

narrow, linear, 

slightly widening 

towards the 

central area 

narrow, linear, slightly 

widening towards the 

central area 

narrow, linear, 

slightly widening 

towards the central 

area 

narrow, linear, 

slightly widening 

towards the central 

area 

narrow, linear, 

slightly widening 

towards the central 

area 

central area 
small, elongate-

elliptical or absent 

small, rounded transapically 

expanded, rectangular 

small, elliptical small, elliptical 

striation pattern 

parallel or very 

slightly radiate 

parallel, becoming 

slightly radiate near 

the apices 

radiate, becoming 

almost parallel near 

the apices 

radiate, becoming 

parallel near the 

apices 

radiate, becoming 

more radiate near 

the apices 

number of striae 

(in 10 µm) 

20–22 in the 

middle part, up to 

28–30 at the 

apices 

24–28 in the middle 

part, up to 35–42 near 

the apices 

23–26 in the middle 

part, up to 30 at the 

apices 

18–20 in the middle 

part, up to 34 at the 

apices 

19–24 in the 

middle part, up to 

40 near the valve 

apices 

areolae per stria 

in the middle 

part 

3–5  4–5   7–8   4–6   3–5 

external areolae transapically transapically rounded or transapically rounded or slightly 
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openings elongated elongated transapically 

elongated 

elongated transapically 

elongated 

Rapheless 

valve 

     

axial area 

narrow, linear, 

slightly widening 

towards the 

central area 

narrow, linear narrow, linear, 

abruptly widens at the 

central area 

narrow, linear, 

slightly widening 

towards the central 

area 

narrow, linear, 

slightly widening 

towards the central 

area 

central area 

absent absent small oval to 

transapically 

expanded, rectangular 

absent absent 

striation pattern 

parallel or slightly 

radiate 

parallel, becoming 

slightly radiate near 

the apices 

radiate, becoming 

almost parallel near 

the apices 

radiate, becoming 

parallel near the 

apices 

parallel, becoming 

radiate near the 

apices 

number of striae 

(in 10 µm) 

20–22 in the 

middle part, up to 

28–30 at the ends 

26–32 in the middle 

part, up to 35–42 near 

the apices 

23–26 in the middle 

part, up to 30 at the 

apices 

ca. 22 in the middle 

part, up to 34 at the 

apices 

19–25 in the 

middle part, up to 

40–45 near the 

valve apices 

areolae per stria 

in the middle 

part  

4–5  4–5  7–8   4–6 4–5  

external areolae 

openings 

transapically 

elongated 

transapically 

elongated 

rounded or 

transapically 

elongated 

transapically 

elongated 

rounded or slightly 

transapically 

elongated 

 483 

 484 

 485 

 486 



26 
 

 487 

 A. delmontii A. palmeti A. rostropyrenaicum 

observations Pérès et al. 2012 Gassiole et al. 2013 Jüttner et al. 2011a 

    

valve length 

(µm) 

7.3–21.4 6.3–14.4 18.0–24.5 

valve width 

(µm) 

3.3–5.1 2.7–4.6 4.3–4.5 

valve outline 

linear, becoming 

elliptical in small 

individuals 

linear-lanceolate, 

becoming elliptical in 

small individuals 

linear-lanceolate 

apices 
rounded subcapitate to broadly 

rounded 

rostrate 

Raphe valve    

axial area 

narrow, linear, slightly 

widening towards the 

central area 

narrow, linear, slightly 

widening towards the 

central area 

narrow, linear, slightly 

widening towards the 

central area 

central area 

irregular, generally 

rectangular fascia, 

shortened striae can be 

present on one of the 

margin sides 

elliptical almost absent 

striation pattern 

slightly radial parallel, becoming 

slightly radiate near the 

apices 

parallel, becoming 

slightly radiate near the 

apices 

number of striae 

(in 10 µm) 

20–26, up to 35 at the 

apices 

32–35, up to 40 at the 

apices 

20–22, up to 32 at the 

apices 

areolae per stria 

in the middle 

part 

5–7  3–5 4–6 

external areolae rounded transapically elongated rounded to transapically 
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openings elongated 

Rapheless 

valve 

   

axial area 

lanceolate lanceolate narrow, linear, slightly 

widening towards the 

central area 

central area almost absent elliptical absent 

striation pattern 

parallel, becoming 

slightly radiate near the 

apices 

parallel, becoming 

slightly radiate near the 

apices 

parallel to slightly 

radiate 

number of striae 

(in 10 µm) 

18–22, up to 25 at the 

apices 

32–35, up to 40 at the 

apices 

22, up to 28 at the 

apices 

areolae per stria 

in the middle 

part 

6–7  3–5 3–5 

external areolae 

openings 

rounded transapically elongated rounded to transapically 

elongated 
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