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Abstract

Examination of algal assemblages from aerial environments around the globe, especially those from pseudoaerial habitats 
found on moistened rocks underneath waterfalls or around springs and seeps, reveals the presence of unique diatom floras. 
Yet, diatom assemblages from northern regions like Iceland remain understudied, especially those from the volcanic rock 
outcrops and boulders that create euaerial habitats where biota receive moisture from the atmosphere or the rock itself. 
During the summers of 2013 and 2015, we examined the biodiversity of mostly euaerial, but also pseudoaerial, diatom 
assemblages collected from volcanic rock outcrops or large boulders on the landscape from southwestern Iceland. We used 
light and scanning electron microscopy to document the biodiversity of common, smaller, new, or interesting specimens, 
such as Humidophila and Eunotia. We describe one new Humidophila species, H. eldfjallii sp. nov., with triundulate valve 
margins and include information on another unidentified taxon, Humidophila sp. 1, naviculoid in shape with tapering to 
rounded ends, continuous striae through the length of the valve, and a circular central area. We formally transfer Diadesmis 
contenta var. biceps to Humidophila biceps. To correct the nomenclature, we recognized Humidophila parallela at the 
species level. Relative abundance estimates of diatom populations provided further characterization of the assemblages 
on these habitats. Humidophila taxa, especially H. gallica dominated the diverse diatom flora. We discuss adaptations for 
survival with access to mostly atmospheric water. The diatom flora described here adds to the flora for this region, highlights 
the diversity of diatom assemblages that can inhabit euaerial environments, and provides evidence of adaptive success of 
diatoms in extreme habitats with limited moisture and nutrients.

Keywords: biogeography, Diadesmis, Diatomella, euaerial, Eunotia, Hengill, Humidophila, Hygropetra, Iceland, Orthoseira, 
pseudoaerial, Staurosirella, volcanic rock, wet walls

Introduction 

In the last decade or so, despite increased interest in understanding the biogeography and endemism of aquatic 
microorganisms, including diatoms, northern regions like Iceland and the Arctic remain underexplored (Bouchard et al. 
2004, 2018, Pointing et al. 2015, Hodač et al. 2016, Gibbons 2017, Jung et al. 2018). Organisms inhabiting areas with 
relatively low average temperatures experience faster adaptive processes due to the extreme climatic changes compared 
to other regions (IPCC 2014). The more isolated landscapes of arctic islands promote the presence of unique and often 
endemic diatoms. For example, over one-third of the diatom taxa collected from lakes and ponds on Spitsbergen of the 
Svalbard Archipelago, not identifiable to species (Pinseel et al. 2017a), will require taxonomic descriptions moving 
forward (e.g. Pinseel et al. 2014, Pinseel et al. 2017b). Several species of Stauroneis Ehrenberg 1842, including many 
described as new to science, occurred only in Arctic and not in Sub-Antarctic and Antarctic regions (Van De Viver et al. 
2004, Kopalová et al. 2012). While less is known for the diatom flora from the volcanic landscapes of the high latitude 
island of Iceland, the stable, unproductive habitats with low anthropogenic disturbance likely support endemic diatom 
species (Huston 1994, Kilroy et al. 2007, Johansen 2010). However, factors like increased tourism, and dispersal 
by wind and birds (Kristiansen 1996) may promote broader distribution patterns for microbiota. Indeed, as studies 
increase in Arctic areas, some evidence indicates circumpolar distribution patterns for some diatom taxa (Pla-Rabés et 
al. 2016). Increased taxonomic and biodiversity knowledge of diatoms from Arctic regions, like Iceland, will improve 
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understanding of patterns in biogeography and help track changes in the environment associated with climatic shifts or 
anthropogenic stressors, especially in aerial habits that interface directly with the atmosphere. 

FIGURE 1. Example of wetwall (WW) habitats sampled (arrows; spoon for scale, details in Table 1). Images A–D, G–H. show euaerial 
sites and E–F. a pseudoaerial site. From the Hengill watershed: A–B. WW 1; C. WW 3; G. WW 52 (black arrow); G–H. WW 53 (white 
arrow). From along Landmannaleið road: D. near Hekla road turn off (WW 50). From the Þingvellir rift valley: E–F. a pseudoaerial site 
(WW 42). 

	 The variety of terms applied to diatom assemblages exposed to the atmosphere, such as terrestrial (Fritsch 1922), 
semiterrestrial (adaptation of marine diatoms to dried up saline pools, Sims et al. 2006), aeroterrestrial (Reisser & 
Houben 2001, Karsten et al. 2007), subterranean (Falasco et al. 2014), aerial (Johansen 2010), and subaerial (living on 
stable surfaces above ground, Nienow 1996) differentiate habitats by water source and other environmental conditions. 
Within these categories of aerial habitats, explorations of pseudoaerial algae, those from mostly moistened rocks 
underneath waterfalls or around springs and seeps (Johansen 2010) have occurred from of a variety of locations 
(e.g. Johansen et al. 1983, Rushforth et al. 1984, Lowe et al. 2007, Furey et al. 2011). In comparison, euaerial algae, 
those that inhabit raised, prominent objects that receive moisture exclusively from the atmosphere (Johansen 2010), 
remain understudied, especially for those on the exposed rocks and boulders in northern regions like Iceland. Aerial 
environments support diverse diatom assemblages (Rushforth et al. 1984) due to the structural and morphological 
heterogeneity of the exposed rock surfaces (Bergey 2005, Lowe et al. 2007), which might aide survival on these 
exposed habitats. 
	 Euaerial assemblages can experience frequent and rapid changes in temperature, strong winds, stress from direct 
and radiant heating, intense solar radiation, and shifts in water availability (Karsten et al. 2007). Thus, euaerial diatoms 
must adapt to survive desiccation. While motile diatoms can actively search for refuge in surrounding microhabitats 
like moist leaf litter or bryophytes (Ledger et al. 2008, Souffreau et al. 2010, 2013), or retreat deeper into subsurfaces 
of biofilms, soils, or vegetation where moisture still exists (Evans 1958, 1959), the euaerial, epilithic environment 
constrains these response options to patches of lichen and bryophytes available on exposed rock. The porous and 
fractured nature of volcanic rock may provide additional protective habitat complexity and be a source of some 
moisture. Alternatively, the surrounding atmosphere or the habitat itself may act as a source of moisture for euarial 
diatoms. Euaerial diatom assemblages of northern ecoregions often experience snow cover, rain, and/or fog most of 
the year, which may provide a sufficient source of moisture (Souffreau et al. 2010). Periods of evaporation during 
the day, especially during the long summer days, might lead to partial desiccation on exposed lithic surfaces. On an 
individual level, aerial diatoms could produce heavily silicified valves and occluded punctae and areolae that minimize 
water loss (Lange-Bertalot et al. 2003, Lowe et al. 2007), or develop resting stages (Hollibaugh et al. 1981, Poulíčková 
et al. 2008, Souffreau et al. 2013). Souffreau et al. (2013) demonstrated that resting stages of diatoms, especially in 
terrestrial taxa, could survive desiccation. 
	 In contrast to moisture challenges of euaerial habitats, absorption and retention of heat by the rock could stimulate 
growth and moderate temperature fluctuations. To support growth, aerial algae, adapted to low nutrient conditions 
(Johansen 2010), may periodically take advantage of soluble volcanic ash rich in essential nutrients like nitrogen 
(N) and phosphorus (P) if present in snow melt (Lutz et al. 2015). Though more often, these nutrients would remain 
inaccessible to euaerial species, but available to primary producers close to the ground in contact with melting of ice. 
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On a broad scale, the diversity of euaerial diatom assemblages depends on abiotic (e.g. light, moisture, pH, etc.) and 
biotic (competition and grazing) factors. On a localized scale, euaerial diatoms need to respond quickly to shifts in 
these same conditions and to microhabitat variations.

FIGURE 2. Light (B–T) and SEM (A, U–V) microscopy images of diatom assemblages from aerial sites in southwestern Iceland. A–G. 
Staurosirella neopinnata: A. external, girdle view of two linked frustules, left frustule shows the completed synthesis of new valves within 
the frustule, B–D. size series in valve and E–G. girdle view, F and G. two linked frustules; H. Fragilaria nitzschioides: valve view; I–J. 
Meridion circulare var. constrictum: I. 2 frustules in girdle view, J. valve view; K. Fragilaria perminuta: valve view; L–M. Aulacoseira 
alpigena: L. girdle view and M. valve view; N, S–T. Orthoseira roeseana: N. girdle view with irregular linking spines and longitudinal 
areolae on the valve mantle, S–T. Valve view with 3 to 4 carinoportulae; O–P. Stauroforma atomus: valve views; Q, R, U–V. Hygropetra 
balfouriana: Q–R. valve view, U. SEM of a tilted frustule with both valve and girdle views visible, U. shows the nature of the striae, and 
raphe, V. internal view. LM scale bar = 10 µm, SEM scale bars as shown.
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FIGURE 3. SEM microscopy images of aerial diatom assemblages from southwestern Iceland. A–D. Orthoseira roeseana: A–B. external 
valve view with 3 and 4 carinoportulae in the center with a rim, and uniseriate striae, C. internal valve view shows the simple opening of 
the carinoportulae, D. external view of valve mantle and part of the girdle show the spatulate spines and irregular girdle bands. Scale bars 
as shown.

	 Early examination of Icelandic algae that included diatoms tended to target terrestrial areas, primarily moist soils 
and vegetation (e.g. Broady 1978) and less so exposed epilithic habitats. Some sampling expeditions to Iceland, e.g. 
by Petersen (1928a, b), and Foged (1974), included some algal samples from rock outcrops. Hallgrímsson (2007) 
compiled a checklist of algal taxa from Iceland that included those from terrestrial and aerial environments from these 
earlier surveys (i.e. by Petersen & Foged). Despite this, current diatom records from Iceland total 736 (Foged 1974, 
Ettl & Gärtner 1995, Glushchenko et al. 2017). In known databases aerophytic diatoms from arctic areas include 15 
records, with only 2 aerophytic diatom records from Iceland. Similarly, reports of terrestrial diatoms total 57, with 
only 1 report from Iceland (Guiry & Guiry 2018). Public databases contain no records of diatom species classified and 
defined here as pseudoaerial, subaerial, or euaerial (Guiry & Guiry 2018). Extensive research on euaerial algae from 
Iceland remains to be completed. Microscope resolution and technological limitations of the earlier surveys hindered 
the observation and documentation of taxonomically relevant morphological details of aerial diatoms, especially for 
small taxa.
	 This research focuses on euaerial diatoms able to survive on exposed volcanic rocks, without constant trickling 
of water, but with partial cover by lichens and mosses. Here we document the biodiversity of diatom taxa from 
predominantly euaerial habitats from southwestern Iceland, primarily in the Hengill watershed, but also Sporhella, 
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Þingvellir Rift Valley, and the southern Highlands. We propose one new Humidophila Lowe, Kociolek, Johansen, 
Van de Vijver, Lange-Bertalot et Kopalová (2014: 352) species, include information on an unidentified Humidophila 
taxon, and formally transfer Diadesmis contenta var. biceps (Grunow in Van Heurck 1880: expl. Pl. XIV, fig. 31B) 
P.B. Hamilton in Hamilton et al. (1992: 30) to H. biceps comb. nov. We include scanning electron microscope (SEM) 
micrographs of common, smaller, new or interesting specimens, such as Humidophila, Orthoseira Thwaites (1848: 
167), and Eunotia Ehrenberg (1837: 44) to document taxonomically relevant internal and external morphological 
characteristics. For dominant taxa documented, we consulted available current and historic taxa lists with previous 
analyses of aerial environments in Iceland. Relative abundance estimates provide additional ecological information. 
We discuss the unique ecology of these habitats.

Materials and methods

Diatom collection and analysis. We collected primarily euaerial and a couple of pseudoaerial algal assemblages during 
the summer of 2013 (x16) and 2015 (x6) from rock outcrops or large boulders on the landscape from southwestern 
Iceland (wetwall sites (WW); Fig. 1, Table 1). We sampled primarily from euaerial habitats in the Hengill watershed, 
a volcanic area with hyaloclastite rocks ~30 km east of Reykjavík, but also from Sporhella, Þingvellir rift valley, 
and along Landmannaleið in the southern part of the Highlands. We categorized two sites with some dripping water 
(WW 41 and 42) and one (WW 20) with a slight drip as more pseudoaerial, though the water drip may be ephemeral. 
We scraped epilithic surfaces with a spoon and/or squeezed/shook material from bryophytes or lichen when present 
(Fig. 1). When detectable, we recorded GPS coordinates and elevation of sampling locations (Table 1). We noted 
general moisture conditions (dry, damp to touch, dripping water, splash zone, wet), but were not able to assess pH or 
nutrient levels directly associated with the sampling sites. We examined samples under the microscope within 24 hrs 
of collection to confirm the presence of live diatoms as indicated by the presence of plastids or movement. 
	 For identification, we cleaned collected material in boiling nitric acid to remove organic material (Patrick & 
Reimer 1966, Round et al. 1990), and air-dried cleaned material onto coverslips. We stored slides and cleaned material 
in P.C. Furey’s personal collection, St. Catherine University, and deposited material at the Georgia College and 
State University Natural History Museum, diatom collection (GCAC7001). We made diatom slides using Naphrax® 
mounting medium (RI = 1.7). We examined the slides with differential interference contrast optics under oil immersion 
at 1000x on a Leica DM LS2 (Iowa Lakeside Lab), a Leica DM2500 photomicroscope with a Leica DFC295 Camera 
(Georgia College and State University), and a Leica DM6B photomicroscope with a Leica DFC7000 GT Camera 
(St. Catherine University) (Leica Microsystems, Wetzlar, Germany). We determined relative abundance of diatom 
taxa from the 2013 samples. We counted 600 valves when possible (i.e. when the cell density on the slide was high 
enough), otherwise we counted a minimum of 300 valves. For sites with particularly sparse numbers of diatoms, either 
we counted 2 whole slides or 3 additional transects beyond the count of 45. For assessment of internal and external 
ultrastructure, we mounted coverslips onto aluminum stubs and sputter coated with 10 nm of AuPd (Postek et al. 1980) 
for examination under a JEOL 6610LV SEM (JEOL USA Inc.). We further documented frustular ultrastructure with 
a JEOL JSM-IT100 SEM at Georgia College and State University. We deposited holotype slides and materials at the 
Georgia College and State Natural History University Museum Algae Collection.
	 Taxonomic keys used in diatom identification included, but were not limited to: Foged (1953, 1955, 1964, 1981), 
Lange-Bertalot et al. (2003, 2011), Patrick & Reimer (1966, 1975) and Krammer & Lange- Bertalot (1986, 1988, 
1991a, 2000). Specific sources also used included literature such as Van de Vijver et al. (2004) from the Arctic and 
Antarctic, and Veselá & Johansen (2009) for European regions. For specific genera, we consulted other taxonomic 
texts like Krammer (2000), Lowe et al. (2014), Zidarova et al. (2010, 2012) and Levkov et al. (2013, 2016).
	 We compared observations of common diatom taxa with those previously reported from terrestrial or aerial 
habitats in Iceland, especially by Petersen (1928a), Foged (1974), Broady (1978), Hallgrímsson (2007), and Dagsson-
Waldhauserova et al. (2015). Terminology used followed Anonymous (1975), Ross et al. (1979), and Round et al. 
(1990).

Results and discussion

Samples contained many live diatoms as indicated by the presence of intact, active plastids. We also considered 
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moving cells as alive. We identified a total of 92 diatom taxa from volcanic rock outcrops or large boulders on the 
landscape from southwestern Iceland. Diatoms were generally abundant in samples at sites in Hengill, but less so in 
those from the Þingvellir rift valley. The sample from Sporhella contained very few valves and those present primarily 
belonged to Eunotia nymanniana Grunow in Van Heurck (1881, fig. 34: 8, pro parte [left side specimen]). All sampled 
sites included representatives of several genera such as Humidophila, Eunotia and Pinnularia Ehrenberg (1843b: 45). 
All ecological niches sampled, with the exception of the site at Sporhella (WW 39) and a sparse site in Hengill (WW 
21), contained the taxon H. perpusilla (Grunow 1860: 552) Lowe, Kociolek, Johansen, Van de Vijver, Lange-Bertalot 
et Kopalová (2014: 358). A total of 84% of the taxa were identified to species, with the remainder of taxa considered 
unknown mostly due to morphological parameters being outside of published literature. Dominance of aerophilic 
representatives of the genera Humidophila and Eunotia was expected, but we also documented representative high-
nutrient taxa of Nitzschia and Amphora. 
	 Below, we first discuss common genera (Humidophila and Eunotia), along with diatoms present at >5% at a 
minimum of one site (Table 2). We then discuss rare or less common taxa present at <5% relative abundance (Table 3). 
We follow this with a discussion on the ecology of these aerial environments, in particular in the context of moisture, 
heat, and nutrient sources.

Common genera

Humidophila 
Humidophila taxa commonly occurred in association with bryophytes and/or lichen on the euaerial habitats in Iceland 
(absent only from two sites sparse in diatoms; WW 39 and 21). Of the seven species present, 50% or more co-occurred 
together, altogether often contributing >50% to the relative abundance of taxa present. Within these, H. gallica (Smith 
1857: 11) Lowe, Kociolek, You, Wang et Stepanek (2017: 281) and H. perpusilla contributed the most to relative 
abundance. The checklist of algae from Iceland (Hallgrímsson 2007) lists several Diadesmis Kützing (1844: 109) and 
Humidophila taxa from aerial environments including those recorded here, such as H. biceps, H. contenta (Grunow in 
Van Heurck 1885: 109) Lowe, Kociolek, Johansen, Van de Vijver, Lange-Bertalot et Kopalová (2014: 357), H. gallica, 
and H. perpusilla. We describe one Humidophila species new to science, present information for another unidentified 
Humidophila taxon, and propose the transfer of Diadesmis contenta var. biceps to Humidophila biceps. 
	 Humidophila sp. 1 (LM = Fig. 8 N–O; SEM = Fig. 8 P–Q) 
	 Description:—The raphe is filiform and continuous from the central area to the end of the row of areolae. Lateral 
depressions flank proximal raphe ends. Distal raphe ends appear to lack lateral depressions. Axial area is lanceolate. 
Valves are naviculoid tapering to rounded ends. There is a subtile construction near the ends of the valves. The striae 
are continuous through the length of the valve and flair in the center leaving a circular central area. We were not able 
to view specimens with SEM in girdle view nor valve interior.
	 Collection Information:—ICELAND. Scrape and a bryophyte and lichen squeeze, collected from a rock outcrop 
in the Hengill watershed (~N 64 3 23.0, W 21 17 1.0, WW 5 Table 1), P.C. Furey, 13 July 2013. (Cleaned material 
–GCAC4212, and representative specimen circled on slide GCAC4212 deposited in the diatom collection at Georgia 
College and State University, USA. Here illustrated as Fig. 8 N).
	 Comments:—This unidentified taxon should be compared to Humidophila arctica (Lange-Bertalot et Genkel 
1999: 40) Lowe, Kociolek, Johansen, Van de Vijver, Lange-Bertalot et Kopalová (2014: 357) but differs in the valves 
being more naviculoid. Both taxa have areolae that are interrupted in the central area, but frustules of H. arctica have 
broadly rounded ends (Lange-Bertalot & Genkal 1999, Tafel 21 Figs 8–14) in contrast to the more tapered ends of 
Humidophila sp. 1. More information, especially around interal and girdle views are needed to establish details key 
to a new taxon description, therefore, we currently designated this taxon as unidentified Humidophila sp. 1 until more 
information can be gathered. 
	 Specimens were generally absent from most samples, but occasionally contributed <5% to the relative abundance 
at sites in Hengill and Þingvellir rift valley, though at WW5 relative abundance reached 5.5% (Table 2). 
	 Humidophila eldfjallii sp. nov. (LM = Fig. 8 E–H; SEM = Fig. 8 A–D)
	 Description:—Valves strongly triundulate, length 12.2–14.9 μm, width middle 3.0–3.6 μm, width apices 3.0–3.6 
μm; 33.0–35.4 striae in 10 μm (for n=5 LM, n=5 SEM). The raphe is filiform with distal ends bending slightly in 
opposite directions. The axial area is lanceolate leading to a round central area. Both distal and proximal raphe ends 
lack any lateral depressions.
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FIGURE 4. Light (A–I, N–c) and SEM (J–M) images of aerial diatom assemblages from southwestern Iceland, Eunotia species. A–F, 
J–L. Eunotia palatina: A–F. size diminution series, the striae end short on the valve face to create the appearance of a hyaline strip (i), J. 
internal views of a valve apex showing the location of the helictoglossa, a hyaline area (i) and swelling where the proximal raphe ends (ii), 
K. a whole valve, internal view (scale bar as in L), and L. a frustule with both valve and girdle views visible; G–I, M. Eunotia arctica: G–I. 
valve views, M. external view shows striae and hyaline band along the ventral edge; N. Eunotia cf. valida: valve view; O–P. Eunotia cf. 
fallax: valve view; Q–W. Eunotia neofallax: valve view, V. half valve / half girdle view, and W. girdle view; X–c. Eunotia nymanniana: 
valve view. LM scale bar = 10 µm, SEM scale bars as shown.
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FIGURE 5. Light (A–F, K–L) and SEM (G–I) microscopy images of aerial diatom assemblages from southwestern Iceland, Eunotia 
species. A–F, H–I. Eunotia bigibba: A. two live frustules in girdle view, C–F, I. valve view, B–F. size diminution series, and B. girdle view 
showing raphe position, H. arrangement of the cingulum and areolae on the mantle, and I. valve view showing arrangement of punctate 
striae and raphe ends on the valve face. Note the appearance of the hyaline area on the ventral edge of the valve where the striae stop 
short (i); G, K–L. Eunotia bidens: all valve views, note the swellings along the ventral margin where the proximal raphe ends. Frustule K 
slightly tilted. LM scale bar = 10 µm, SEM scale bars as shown.
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FIGURE 6. Light (A–E) and SEM (F–J) microscopy images of aerial, diatom population of Eunotia curtagrunowii from southwestern 
Iceland. A–C. valve view size diminution series and D–E. girdle view with different focuses, F. internal view showing helictoglossa and 
internal opening of areolae with a close up of the apex of the same valve in I. to show the internal expression of the rimoportula (arrow), 
G. close up of valve apex with external opening to the rimoportula (arrow), H. external view, showing arrangement of striae and raphe 
ends on the valve face, note the markings along the ventral edge of the valve face, J. tilted girdle view showing cingulum. LM scale bar = 
10 µm, SEM scale bars as shown.
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FIGURE 7. Light (C–I) and SEM (A–B, J–L) microscopy images of aerial diatom assemblages from southwestern Iceland. A–E. 
Humidophila biceps: A–B external, valve view showing external expression of areolae, distal raphe endings, and proximal raphe endings 
with adjacent depressions (arrow). C–E. valve view; F–L. Humidophila perpusilla: F–I. size series in valve view, and J–L. external view 
of valve and tilted frustule showing valve and girdle views. Note depressions flanking proximal raphe ends (arrow). M–P. Humidophila 
parallela: valve view. P. external view showing hints of T-shaped proximal and distal raphe endings. LM scale bar = 10 µm, SEM scale 
bars as shown.
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FIGURE 8. Light (E–L, N–O) and SEM (A–D, M, P–S) microscopy images of aerial diatom assemblages from southwestern Iceland. 
A–H. Humidophila eldfjallii Furey, Manoylov et Lowe sp. nov.: A. external and B. internal valve views, C. close up valve apex showing 
distal raphe ends. D. close up of central area showing proximal raphe ends. E–H. valve view, F. holotype; I–M, R–S. Humidophila 
paracontenta: I–L valve view, M. internal valve view, R. external valve, and S. both valve and girdle views. Note depressions flanking 
distal and proximal raphe ends (arrows); N–Q. H. sp. 1, N–O. valve view, N. representative specimen circled on slide GCAC4212, P–Q. 
external valve view. Note depressions flanking proximal raphe ends (arrow). LM scale bar = 10 µm, SEM scale bars as shown.
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FIGURE 9. Light (E–J) and SEM (A–D) microscopy images of aerial diatom populations of Humidophila gallica from southwestern 
Iceland. A–B. external view showing spine location and external expression of areolae, C–D. girdle view of two linked frustules showing 
side view of spines and presence of areolae on valve mantle and cingulum, E–F. valve view of longer form, G. tilted girdle view of a single 
frustule with visible spines, H. girdle view of a chain of cells. I–J. valve view of shorter form. LM scale bar = 10 µm, SEM scale bars as 
shown.

	 Holotype:—ICELAND. Surface scrape and a bryophyte and lichen squeeze collected from a rock face located 
river right of the River Hengladalsá in the Hengill watershed (~N 64 3 23.0, W 21 17 1.0, WW 38 Table 1), P.C. Furey, 
14 July 2013. Circled specimen on slide GCAC4213, deposited in the diatom collection at Georgia College and State 
University Natural History Museum, USA. Here illustrated as Fig. 8 F).
	 Type Material:—Cleaned type material deposited in the Georgia College and State University Natural History 
Museum, USA diatom collection. GCAC4213.
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FIGURE 10. Light (B–z) and SEM (A) microscopy images of aerial diatom assemblages from southwestern Iceland, mostly in valve view. 
A–E. Diatomella balfouriana: A, D–E. girdle views, B. valve view with striae in focus, C. septa with openings in focus; F. Encyonema lange-
bertalotii; G. Gomphonema sp. 1; H. Gomphonema bipunctatum; I. Cymbopleura cf. subaequalis, J. Naviculoid sp. 1; K. Amphora ovalis; 
L. Tryblionella debilis; M–O, a. Platessa rupestris var. interrupta; P–Q. Platessa rupestris; R. Adlafia bryophila; S–U. Microcostatus 
krasskei; V. Neidium bisulcatum; W. Hantzschia amphioxys; X. Navicula cf. radiosa; Y–Z, a. Psammothidium marginulatum; b. Navicula 
seminulum var. radiosa; c. Sellaphora seminulum; d–e. Fallacia insociabilis; f. Brachysira brebissonii; g. Naviculoid sp. 2; h–i. Adlafia 
suchlandtii j= Luticola c.f. nivaloides, k. Luticola sp. 1; l. Luticola cf. mutica; m. Sellaphora rectangularis; n. Cavinula variostriata; 
o Nitzschia sinuata; p–q, s–v. Nitzschia perminuta; r. Nitzschia soratensis, w. Diploneis ovalis; x–y. Rhoicosphenia cf. californica; z. 
Rhoicosphenia abbreviata. Scale bar =10 μm unless stated otherwise shown, ‘=’ represents focus on each valve of the same frustule.
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FIGURE 11. Light microscopy images of aerial diatom assemblages from southwestern Iceland. A. Pinnularia cf. subcommutata; B. 
Pinnularia stomatophora; C. Pinnularia sp. 2; D. Pinnularia sp. 1; E. Pinnularia borealis; F. Pinnularia borealis f. subcapitata; G. 
Pinnularia borealis var. islandica girdle view; H. Pinnularia borealis var. lanceolata; I–J. Pinnularia intermedia; K–M. Pinnularia parva; 
N–O. Pinnularia minoricapitata; P. Muellaria gibulla; Q. Achnanthes coarctata; R. Caloneis schumanniana; S–T. Caloneis silicula; U–W. 
Caloneis tenuis; X–a. Stauroneis cf. borrichii. LM scale bar = 10 µm.
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FIGURE 12. Light F–H and A–E SEM microscopy images of aerial diatom assemblages from southwestern Iceland. A, F. Cosmioneis 
pusilla; B. Platessa rupestris var. interrupta; C. Psammothidium sp. 1; D. Pinnularia borealis; E. Planothidium lanceolatum; G. Stauroneis 
subgracilis; H. Rhopalodia rupestris. LM scale bar = 10 µm, SEM scale bars as shown.
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	 Etymology:—This specific epithet refers to the Icelandic word for ‘volcano’–‘eldfjall’ (eldur–“fire”, and‎ fjall 
–“mountain”) after the volcanic rock it was collected from in the Hengill watershed; also the location of the Hengill 
volcano. 
	 Comments:—The strongly triundulate valves of H. eldfjallii are different than most species in this genus. 
Humidophila eldfjallii differs from H. costei (Le Cohu et Van de Vijver 2002: 122) Lowe, Kociolek, Johansen, Van de 
Vijver, Lange-Bertalot et Kopalová (2014: 357) and H. ingeae (Van de Vijver in Van de Vijver et al. 2002: 338) Lowe, 
Kociolek, Johansen, Van de Vijver, Lange-Bertalot et Kopalová (2014: 358) by valves that are much more strongly 
triundulate with bulbous valve ends, whereas H. costei and H. ingeae have more subtly undulated valves. Additionally, 
H. ingeae displays marginal aereola on the valve face while they are on the mantle in H. eldfjllii.
	 Specimens occurred at >5–10% (WW 38) and >10–20% (WW 54) relative abundance in Hengill, but otherwise 
occurred at low relative abundances in Hengill and the Þingvellir rift valley (Table 2).
	 Humidophila parallela (Petersen 1928b: 15) comb. nov. (LM = Fig. 7 M–O; SEM = Fig. 7 P)
	 Basionym: Navicula contenta var. parallela Petersen (1928b: Dansk Bot. Arkiv, p. 15, fig 2) 
	 Synonym: Diadesmis contenta var. parallela (Petersen 1928b: 15) Spaulding in Spaulding et al. (1997: 410). 
Valve dimensions (for n=9 LM, n=3 SEM) length 7.2–9.1 µm, width middle 2.0–3.1, width apices 2.0–3.1; 34.0–34.9 
striae in 10 µm. T-shaped depression of the proximal raphe ends absent. 
	 This species was earlier considered to be a variety of Navicula contenta Grunow in Van Heurck (1885: 109), 
and was moved (as a variety) to Diadesmis contenta (Grunow 1885: 109) D.G.Mann in Round, R.M.Crawford & 
D.G.Mann (1990: 666), but SEM views in this study show that it lacks the T-shaped depressions at the proximal raphe 
ends, a characteristic of D. contenta. Diadesmis arcuata (Heiden in Heiden et Kolbe 1928: 628) Lange-Bertalot in 
Moser, Lange-Bertalot et Metzeltin (1998: 136) lacks this depression, and therefore we consider this species to be more 
closely related to D. arcuata than to D. contenta. There is currently some question about the validity of D. arcuata, 
as it has a basionym that is illegitimate (Navicula arcuata Heiden in Heiden et Kolbe 1928: 628) because it was a 
later synonym of Navicula arcuata Pantocsek (1892: 64 (1905), pl. 6: fig. 97). Lange-Bertalot correctly considered 
the name arcuata available for a species in Diadesmis, but he incorrectly made a new combination with Heiden’s 
illegitimate taxon as basionym when he should have simply used arcuata as a replacement name (Moser et al. 1998). 
Lowe et al. (2014) made the same error in their new combination. Given that the recognition of subspecific taxa in 
diatoms is a less widespread practice than in prior decades, and the possible incorrectness of the recent combinations 
with Navicula arcuata, we decided to recognize this taxon at the species level.
	 Valves generally were absent or contributed <2% to the relative abundance of samples from Hengill and Þingvellir 
rift valley, though relative abundance reached 7% at one site in Hengill (WW 3; Table 2). 
	 Humidophila biceps (Grunow in Van Heurck 1880: expl. Pl. XIV, fig. 31B) comb. nov. (LM = Fig. 7 C–E; SEM 
= Fig. 7 A–B).
	 Basionym: Navicula trinodis var. biceps Grunow in Van Heurck 1880: expl. Pl. XIV, fig. 31B
Valve dimensions (for n=14 LM, n=4 SEM): length 10.0–14.5 µm, width middle 2.5–3.5 µm; 39.3–41.6 striae in 10 
µm. Valves had a slight convex area in the middle. Short, comma–like depressions flanking the proximal raphe ends 
were similar to those shown in SEM micrographs in Veselá & Johansen (2009, as Diadesmis biceps fig. 199). This 
taxon is synonymous to D. biceps G.A. Arnott ex Cleve (1894: 132) nom. inval. and D. contenta var. biceps.
	 Frustules occurred at low relative abundance at several sites in the Hengill watershed, but also reached higher 
relative abundances at sites in both Hengill and the Þingvellir rift valley, four of which were >20% relative abundance 
(Table 2). 
	 Humidophila gallica (W. Smith 1857: 11) Lowe, Kociolek, You, Wang et Stepanek (2017: 281) (LM = Fig. 9 E–J; 
SEM = Fig. 9 A–D)
	 The valve dimensions of H. gallica measured at length 9.5–15.0 µm, width middle 3.0–4.2 µm, and 30.8–32.7 
striae in 10 µm (for n=11 LM, n=9 SEM). The chain-forming morphology with spines and the absence of a raphe 
occurred over forms with a raphe but not spines (Cox 2006). Some populations contain valves predominantly on the 
shorter side (Fig. 9 I–J)
	 Humidophila gallica, consistently present in the Hengill and the Þingvellir rift valley, consistently occurred at 
relative abundances >5 %, and at 5 sites >20% (Table 2). Humidophila gallica is a typical on mosses and ferns (as 
Diadesmis gallica; Roldán et Hernández–Mariné, 2009).
	 Humidophila paracontenta (Lange-Bertalot et Werum in Lange-Bertalot & Genkal 1999: 41) Lowe, Kociolek, 
Johansen, Van de Vijver, Lange-Bertalot et Kopalová (2014: 358) (LM = Fig. 8 I–L; SEM = Fig. 8 M, R–S)
	 Valve dimensions (for n=8 LM, n=4 SEM): length 9.8–14.4 µm, width middle 2.2–3.8 µm, width apices 2.5–4.3 
µm; 28.5–31.2 striae in 10 µm. Short, comma-like depressions flanked the distal and proximal raphe ends (similar to 
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those shown in H. paracontenta var. magisconcava (Lange-Bertalot) Lowe, Kociolek, Johansen, Van de Vijver, Lange-
Bertalot et Kopalová (2014: 358) –Pl 65, 3–7 in vol. 13, Werum & Lange-Bertalot 2004). 
	 Humidophila paracontenta, absent from Þingvellir rift valley, typically comprised <1% of the relative abundance 
of samples from Hengill, but was the only taxon observed from a sparse sample at WW 21 (Table 3). 
	 Humidophila perpusilla (Grunow 1860: 552) Lowe, Kociolek, Johansen, Van de Vijver, Lange-Bertalot et 
Kopalová (2014: 358) (LM = Fig. 7 F–I; SEM = Fig. 7 J–L) 
	 The valve dimensions of H. perpusilla measured at length 8.0–18.1 µm, width middle 3.4–4.6 µm, and 32.3–36.0 
striae in 10 µm (for n=25 LM, n=9 SEM). This taxon, very common at sites from Hengill and the Þingvellir rift valley, 
occurred at >20 % relative abundance at 9 sites (Table 2).

TABLE 3. Taxa observed at <5 % relative abundance. WW 21, 25, and 39 that were exceptionally sparse (<50 valves 
counted) are not included here). Listed alphabetically.

Taxon name
Euaerial (E) or 
Pseudoaerial (P)

Plate Fig. Sample ID WW#

Achnanthes coarctata (Brébisson ex W. Smith) Grunow E, P 11 Q 17, 40, 41, 51

Adlafia byrophila (J. B. Petersen) Lange-Bertalot E 10 R 53

Adlafia suchlandtii (Hustedt) Monnier et Ector E 10 h – i 17, 53

Aulacoseira alpigena (Grunow) Krammer E 2 L – M  3, 4, 17, 38, 55

Amphora ovalis (Kützing) Kützing E 10 K 52

Brachysira brebissonii Ross E 10 f 54

Caloneis schumanianna (Grunow in Van Heurck) Cleve E 11 R 55

Caloneis silicula (Ehrenberg) Cleve E, P 11 S – T 42, 55

Caloneis tenuis (W. Gregory) Krammer E 11 U – W 3, 5, 55

Cavinula variostriata (Krasske) D.G. Mann et A.J. Stickle E 10 n 55

Cosmioneis pusilla (W. Smith) D.G. Mann et Stickle E, P 12 A, F 20, 51

Cymbopleura cf. subaequalis (Grunow) Krammer E 10 I 55

Diploneis ovalis (Hilse) Cleve E 10 w  53, 55

Encyonema lange-bertalotii Krammer E 10 F 17

Eunotia arctica Hustedt E 4 G – I, M 1, 5, 40

Eunotia bidens Ehrenberg P 5 G, K – L 41

Eunotia cf. fallax Cleve E 4 O – P 55

Eunotia nymanniana Grunow E 4 X – c 54, 55

Eunotia palatina Lange-Bertalot et Krüger E 4 A – F, J – L 1, 38, 40 54

Eunotia cf. valida Hustedt E 4 N 55

Fallacia insociabilis (Krasske) Mann E 10 d – e 53

Fragilaria nitzschioides Grunow E 2 H 3

Fragilaria perminuta (Grunow) Lange-Bertalot E 2 K 50

Gomphonema Ehrenberg sp. 1 E 10 G  17, 55

Gomphonema bipunctatum Krasske E 10 H 55

......continued on the next page
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TABLE 3 (Continued)

Taxon name
Euaerial (E) or 
Pseudoaerial (P)

Plate Fig. Sample ID WW#

Hantzschia amphioxys (Ehrenberg) Grunow E 10 W 17, 38, 50, 51

Humidophila paracontenta (Lange-Bertalot et Werum) Lowe, Kociolek, 
Johansen, Van de Vijver, Lange-Bertalot, et Kopalová

E, P 8 I – M, R– S 1, 17, 20, 38

Luticola D.G. Mann in Round, Crawford & Mann sp. 1 E 10 k 51

Luticola cf mutica (Kützing) Mann E 10 l 38, 50, 54

Luticola cf. nivaloides (W. Bock) Denys et De Smet E 10 j 51

Meridion circulare var. constrictum (Ralfs) Van Heurck E 2  I – J  3, 17, 25, 50, 55 

Microcostatus krasskei (Hustedt) Johansen et Sray E 10 S – U 54, 55

Muelleria gibbula (Cleve) Spaulding et Stoermer E 11 P 51

Navicula cf. radiosa Kützing E 10 X  55

Navicula seminulum var. radiosa Hustedt E 10 b 3, 38

Naviculoid sp. 1 E 10 g 55

Neidium bisulcatum (Lagerstedt) Cleve E 10 V 53

Nitzschia perminuta (Grunow) Peragallo E 10 p – q, s – v 3

Nitzschia sinuata (Thwaites) Grunow E 10 o 17

Nitzschia soratensis Morales et Vis E 10 r 55

Pinnularia borealis Ehrenberg E 11 E 54

Pinnularia borealis var. islandica Krammer E 11 G 50

Pinnularia borealis var. lanceolata Hustedt E 11 H 52

Pinnularia borealis f. subcapitata J.B. Petersen E 11 F 54

Pinnularia intermedia (Lagerstedt) Cleve E 11 I – J 51

Pinnularia minoricapitata Krammer E 11 N – O 51

Pinnularia parva W. Gregory E 11 K – M 51

Pinnularia Ehrenberg sp. 1 E 11 D 51, 55

Pinnularia Ehrenberg sp. 2 E 11 C 53

Pinnularia stomatophora (Grunow) Cleve E 11 B 55

Pinnularia cf. subcommutata Krammer E 11 A 53

Planothidium lanceolatum (Brébisson ex Kützing) Lange-Bertalot E 12 E 17, 51

Platessa rupestris var. interrupta (Krasske) Lange-Bertalot E 10; 12 M – O , a; B 38, 40, 54

Platessa rupestris (Krasske) Lange-Bertalot E 10 P – Q  40, 54

Rhoicosphenia abbreviata (Agardh) Lange-Bertalot E 10 z 25, 55

Rhoicosphenia cf. californica Thomas et Kociolek E 10 x – y 55

......continued on the next page
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TABLE 3 (Continued)

Taxon name
Euaerial (E) or 
Pseudoaerial (P)

Plate Fig. Sample ID WW#

Rhopalodia rupestris (W. Smith) Krammer E, P 12 H 42, 53, 55

Sellaphora rectangularis (W. Gregory) Lange-Bertalot et Metzeltin E 10 m 55

Sellaphora seminulum (Grunow) D.G. Mann E 10 c 3, 55

Stauroforma atomus (Hustedt) D. Talgatti, C. E. Wetzel, E .Morales et L. 
C. Torgan

E 2 O – P 55

Stauroneis subgracilis Lange-Bertalot et Krammer E 12 G 55

Tryblionella debilis Arnott ex O’Meara E 10 L 51

not shown with images

Achnanthidium minutissimum (Kützing) Czarnecki E 52

Aulacoseira italica (Ehrenberg) Simonsen E 50

Caloneis bacillum (Grunow) Cleve E 54

Cavinula cocconeiformis (Gregory ex Greville) Mann et Stickle in Round, 
Crawford et Mann

E 53

Epithemia adnata (Kützing) Brébisson E 55

Hannaea arcus (Ehrenberg) Patrick E 50

Navicula gregaria Donkin E 51

Psammothidium subatomoides (Hustedt in Schmidt) Bukhtiyarova et 
Round

E 52

Staurosira construens var. venter (Ehrenberg) Hamilton E 55

Ulnaria ulna (Nitzsch) Compére E    25, 52

Eunotia
Eunotia species, considered all together, were common in our samples at relative abundances <5% (Table 3), though 
at four sites the relative abundance reached 12–33% (Table 2).
	 Eunotia arctica Hustedt (1937: 169) (LM = Fig. 4 G–I; SEM = Fig. 4 M)
	 The valve morphology of E. arctica from these samples measured at length 23.4–25.7 µm, width inflated area 
7.4–8.4, width middle 5.3–6.5 µm, 14.8–16.2 striae (middle) in 10 µm, 18.0–22.1 striae (ends) in 10 µm, and areolae 
ca 34 in 10 µm (for n=4 LM, n=1 SEM). The raphe curved strongly up the valve apex (Fig. 4 M).
	 This taxon only occurred at a few sites in Hengill and Þingvellir rift valley, but at <5% relative abundance (Table 
3). The checklist of algae from Iceland (Hallgrímsson 2007) includes E. arctica. Lange-Bertalot et al. (2011) show 
images of specimens from Iceland (type locality), along with valves from Spitzbergen (Svalbard) with a similar, but 
slightly different morphology (see outline of inflated areas; plate 73, figs 9–15).
	 Eunotia bidens Ehrenberg (1843b: 413) (LM = Fig. 5. K–L; SEM = Fig. 5. G)
	 The valves observed measured at length 37.0–47.3 µm, width inflated area 11.0 – 12.3 µm, width middle 8.2–11.0 
µm, 12.2–14.4 striae (middle) in 10 µm, and 12.2–17.0 striae (ends) in 10 µm (n = 3 LM, for n=3 SEM). The checklist 
of algae from Iceland includes E. praerupta var. bidens (Ehrenber 1843: 413) Grunow in Cleve & Grunow (1880: 109) 
(Hallgrímsson 2007; considered a synonym of E. bidens), and Petersen (1928a) briefly mentions this taxon. The valves 
in this study appear similar to a specimen shown in Foged (1974; E. praerupta var. bidens, Plate V. fig. 8). Our valves 
are too narrow and short to belong to E. superbidens Lange-Bertalot in Lange-Bertalot et al. (2011: 229).
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	 Valves of E. bidens were only observed at <1% relative abundance in a bryophyte squeeze in the Þingvellir rift 
valley (WW 41; Table 2). 
	 Eunotia bigibba Kützing (1849: 6) (LM = Fig. 5 A–F; SEM = Fig. 5 H–I)
	 The valve morphology of E. bigibba measured at length 25–36.5 µm, width inflated area 9.8–11.4 µm, width 
middle 8.3–10.7 µm, 10.6–13.2 striae (middle) in 10 µm, 14.1–16.2 striae (ends) in 10 µm, and areolae 24–30 in 10 µm 
(for n=10 LM, n=7 SEM). The striae stopped short to give the appearance of the hyaline area (i) on the ventral edge of 
the valve (Fig. 5 I). In girdle view, the cingulum formed waves following the inflated areas of the dorsal margin (Fig. 
5 H). The areolae extended across the valve mantle (Fig. 5 H). 
	 The valves from Iceland align best with valve measurements for E. bigibba described from other populations in 
Lange-Bertalot et al. (2011; length 20–43 µm, width inflated area 8–14 µm, striae 10–12 in 10 µm, areolae ca. 30 in 10 
µm). The shorter, narrower valves with higher striae density contrast with those of E. sarek Berg (1939: 449) (Length 
40–57 µm, width inflated area 14–23 µm, striae 7–10 in 10 µm; Lange-Bertalot et al. 2011). The narrower depression 
between the inflated areas sets valves apart from those of E. suecica Cleve (1895: 29).
	 Eunotia bigibba occurred in association with bryophytes and lichens in low densities (<5%) from a number of 
sites in the Hengill watershed, and at 12% on WW41 in the Þingvellir rift valley (Table 2). Eunotia bigibba, included 
in the checklist of algae from Iceland (as E. praerupta var. bigibba (Kützing 1849: 6) Grunow in Van Heurck 1881; 
(Hallgrímsson 2007), was also reported from epiphytic diatom assemblages from terrestrial mosses in in Zackenberg 
(Northeast Greenland; Van Kerckvoorde et al. 2000). 
	 Eunotia curtagrunowii Nörpel-Schempp et Lange-Bertalot in Lange-Bertalot & Metzeltin
(1996: 48) (LM = Fig. 6 A–E; SEM = Fig. 6 F–J)
	 The valve morphology of E. curtagrunowii measured at length 21–28 µm, width 7–8.5 µm, 9.4–13.0 striae 
(middle) in 10 µm, 14.4–18.0 striae (ends) in 10 µm, and areolae 30–35 in 10 µm (for n=10 LM, n=4 SEM). Valve 
measurements and morphological descriptions conform to those reported in Lange-Bertalot & Metzeltin (1996) and 
Lange-Bertalot et al. (2011). In our specimens, a single rimoportula occurred just below the midpoint of the valve apex 
with a simple, round opening externally (Fig. 6 G) and a raised opening internally (Fig. 6 I). Note the patterning, and 
single enlarged areola along the external, ventral margin (Fig. 6 H), also shown in other SEM micrographs (Lange-
Bertalot et al. 2011; plate 196, fig. 9–12, 13). The narrower valves distinguish specimens from Iceland from those 
of E. ewa Lange-Bertalot et Witkowski in Lange-Bertalot et al. (2011: 93) from Greenland (width 9.5–13 µm). The 
rectangular girdle view of valves from Iceland (Fig. 6 D, E) contrast with the parallelogram-like shape of the girdle 
view of a similar shaped taxon, E. parallelogramma Van de Vijver, M. de Haan et Lange-Bertalot (2014: 274), reported 
from Antarctica. 
	 Frustules occurred in association with bryophytes and lichen at 11% relative abundance at WW 1, and in low 
densities other sites in Hengill and the Þingvellir rift valley (Table 2). Eunotia curtagrunowii is reported as E. praerupta 
var. muscicola Petersen (1928: 377) from terrestrial habitats in Iceland (Petersen 1928a, Broady 1978) and included in 
the checklist of algae from Iceland (Hallgrímsson 2007).
	 Eunotia cf. neofallax Nörpel-Schempp et Lange-Bertalot in Lange-Bertalot et al. (1996: 3) (LM = Fig. 4 Q–W)
Valves observed measured at length 9.0–22.0 µm, width 1.7–2.5 µm, and 16–20 striae in 10 µm (for n=9 LM). Valves 
showed a similar outline to those of E. neofallax Nörpel-Schempp et Lange-Bertalot, though stria density in our 
specimens was slightly denser and the presences of a spine on the apex could not be confirmed. 
	 Relative abundance occurred at >10% at one site in the Þingvellir rift valley and >20% at one site in Hengill 
(Table 2). Previous reports of E. neofallax from intermittently wet subaerial habits included those with melting snow 
(Bouchard et al. 2018).
	 Eunotia palatina Lange-Bertalot et Krüger in Werum & Lange-Bertalot (2004: 154) (LM = Fig. 4 A–F; SEM = 
Fig. 4 J–L)
	 The valve morphology of E. palatina from our samples measured at length 24.2–38.5 µm, width middle 5.0–6.8 
µm, 15–16 striae (middle) in 10 µm; 16–19 striae (ends) in 10 µm, and areolae 33–35 in 10 µm (for n=8 LM, n=2 
SEM). Internal openings of the round areolae were not embedded in a groove (Fig. 4 J). A narrow hyaline area, from 
the short termination of the striae, extended across the ventral edge of the internal and external valve face, visible in 
LM (e.g. Fig. 4 B, D) and SEM (Fig. 4 J–i). A slight internal thickening occurred on the internal ventral margin where 
the proximal raphe ended (Fig. 4 J–ii).
	 Frustules occurred in association with bryophytes and lichen at low relative abundances (< 5%) in Hengill and the 
Þingvellir rift valley (Table 3). Lange-Bertalot et al. (2011) show specimens from a variety of aerophilous locations 
including the type population in Germany (see also Werum & Lange-Bertalot 2004, plate 7, figs 10–18) and the 



Aerial diatoms from Iceland Phytotaxa 428 (3) © 2020 Magnolia Press   •   195

synonym from Iceland (as E. arctica var. simplex Hustedt 1937: 169), as well as Tara Mountains Poland, Southern 
Alps, Italy, Pyrenees, Andora.

Other Eunotia
Other, less common (< 5% relative abundance), Eunotia taxa present included E. cf. valida Hustedt (1930: 178) (Fig. 4 
N) and E. nymanniana (Fig. 4 X–c), both listed from aerial habitats in the Hallgrímsson (2007) checklist. Observation 
of more valves of E. cf. fallax Cleve (1895: 33) (Fig. 4 O, P) would help confirm this taxon (length 22–25 µm, width 
2.5–2.8 µm, and 16–18 striae in 10 µm). 

Other Common Taxa with Relative Abundance of >5% in at Least One Sample
Diatomella balfouriana Greville (1855: 259) (LM = Fig. 10 A–E)
	 Valves in our material show biseriate striae on the deep mantles and volvocapulae with evidence of septa, each 
with an opening at each apex and in the central area. Though previously reported from Iceland (Hallgrímsson 2007, 
Foged 1974), this taxon, typically not common in our samples, occurred at 28% relative abundance at one site (WW 
42) in the Þingvellir rift valley (Table 2).
	 Hygropetra balfouriana (Grunow ex Cleve 1895: 80) Krammer et Lange-Bertalot in Krammer (2000: 206) (LM 
= Fig. 2 Q–R; SEM = Fig. 2 U–V)
	 Valves with ghost filiform raphe (Fig. 2 R), girdle view shows rounded ends (Fig. 2 R). Valve face curved at the 
margins into a narrow valve mantle. Striae broad, radiate throughout, structured by several rows of areolae, narrowing 
into a “V” shape towards the axial area and rounded on the mantle (Fig. 2 U). Valve morphology measured at length 
5.1–9.6 μm, width middle 2.8–4.1 μm, and striae 9–10 striae in 10 μm (for n=16 LM, n=7 SEM). Some areolae closed 
by vela. Visible transapical costae in the valve internal view and distant proximal raphe endings (Fig. 2 V). Septa in 
girdle bands not evident, but irregular linear slits on the volvocopula volvocapula (Fig. 2 U). The algal taxa lists from 
Iceland, Hallgrímsson (2007) and Foged (1974), include this species as Pinnularia balfouriana Grunow ex Cleve 
(1895: 80). Not common at sites, but in Hengill, H. balfouriana specimens occurred at >5 – 10% relative abundance 
at one site, >10%–20% at another, and at 59.6% at WW 53 (Table 2). 
	 Melosira varians Agardh (1827: 628)
	 Valves occurred infrequently in general, but were present at 15% relative abundance at a site along the highland 
road, Landmannaleið, before Fjallabak and at < 1% further along Landmannaleið.
	 Orthoseira roeseana (Rabenhorst 1848–1860: 383) Pfitzer (1871: 134) (LM = Fig. 2 N, S, T; SEM = Fig. 3)
	 Valves of Orthoseira roeseana from rock scrapings in Iceland had a disc shaped valve face, 13–34.1 µm in 
diameter, which formed a right angle to the valve mantle, 8–15 µm long. The mantle contained uniseriate striae, 13–15 
in 10 µm (Figs 2 N, 3 D). Areolae on the valve face occurred as small, round, uniseriate striae covering 4/5th of the 
valve face (Figs 2 S, T, 3 A–D). The middle hyaline area contained 3 to 4 carinoportulae with a rim, a feature typical 
of this genus (Round et al. 1990, Crawford 1981, Houk 1993). Short chains were observed. Valves were present with 
and without spines. When present, marginal spines were straight and spatulate in form, and arranged with distinct pores 
between them (Fig. 2 T, 3 D). Perforations were present on the girdle bands (Fig. 3 D). 
	 Specimens from Iceland fit into the Orthoseira roeseana complex due to the presence of carinoportulae, linking 
spines, and a fairly deep mantle (Round et al. 1990). The radiate striae and number of carinoportulae distinguish 
Orthoseira roeseana from O. johansenii Lowe et Kociolek in Lowe et al. (2013: 46) (Lowe et al. 2013).The absence 
of rimoportulae (slits) between carinoportulae contrasts with Orthoseira species where this feature occurs such as O. 
verleyenii Van de Vijver in Lowe et al. (2013: 41) from lava tubes in Île Amsterdam (Lowe et al. 2013), O. gremmenii 
Van de Vijver et Kopalová (2008: 108) from the small volcanic Gough Island, southern Atlantic Ocean (Van de Vijver 
& Kopalová, 2008), O. limnopolarensis Van de Vijver et Crawford (2014: 248) from a sediment core Livingston Island 
(South Shetland Islands, Antarctica) (Van de Vijver & Crawford 2014), and Orthoseira taxon 1 and 2 from Madagascar 
(Spaulding & Kociolek 1998).
	 Valves occurred infrequently in general, but relative abundance occurred at 12% (WW 20) in Hengill and at 
2.6% (WW 51) along Landmannaleið. Both sites contained some moss, a typical association for this genus (Roldán 
& Hernández-Mariné 2009). This taxon is also commonly reported from moist soils, wet walls, waterfall spray zones, 
and wet but not submerged habitats (Lowe et al. 2013). 
	 Platessa rupestris var. interrupta (Krasske 1932: 105) Lange-Bertalot in Krammer & Lange-Bertalot (2004: 445) 
(LM = Figs 10 M–O, a; 12 B)
	 Valves similar in size to P. rupestris, but the striae constantly interrupted outlining the central area in both valves 
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in our site, therefore we kept this taxon separate. Observed at >5% relative abundance in one site (WW 54).
	 Psammothidium marginulatum (Grunow in Cleve & Grunow 1880: 21) Bukhtiyarova et Round (1996: 3) (LM 
= Fig. 10 Y–Z)
	 The rapheless valve has marginal striae and adjacent to them a series of ornamentations, on the raphe valve outline 
irregular axial area, central area wide, rectangular, surrounded by 8 short striae (Fig. 10 Y, Z). Observed at 18.7% 
relative abundance in one site (WW 55) in Hengill (Table 2) and in low abundance at WW 3, 52, and 54.
	 Stauroneis cf. borrichii (J.B. Petersen 1915: 285) J.W.G. Lund (1946: 63) (LM = Fig. 11 X– a)
	 Valves, linear/lanceolate with parallel sides and broadly rounded ends, measured at length 23–38 µm, width 5.5–7 
µm, and 25–28 striae in 10 µm (for n=10 LM). We used cf. as the length reported in the literature does not go above 
30 µm. Axial area linear, narrow. Central area a rectangular fascia with isolated irregularly short striae, widening 
towards the margins. Raphe filiform, straight with indistinct central pores. Terminal fissures clearly visible, deflected. 
Transapical striae radiate in the middle, parallel to convergent near the poles. Absent from most wet walls, but present 
at >5% but <10% relative abundance at one site in Hengill and another in Þingvellir rift valley. Reported as able to 
survive desiccation (Petersen 1928a). 
	 Staurosirella neopinnata Morales, Wetzel, Haworth et Ector (2019: 82) (LM = Fig. 2 B–G; SEM = Fig. 2 A)
	 In girdle view, frustules are rectangular and form ribbon-like colonies, joined by linking spines (Fig. 2 A), girdle 
consists of 5 separate copulae, slightly curved near the poles. Valves linear to elliptical lanceolate, no heteropolarity 
was observed length 10–25 µm, width 3–4.5 µm, 10 striae in 10µ, (for n=10 LM, n=5 SEM). Axial area fairly narrow, 
linear to slightly lanceolate. Striae parallel, composed of slit-like areolae, continuing without interruption onto the 
mantle (Fig. 2 A). Marginal spines almost always detected. No rimoportula, but one or two apical pore fields present. 
Generally rare or in low abundance at our sites, with the exception of one site (WW 3) where the relative abundance 
was 20% (Table 2).

Rare Taxa (<5% relative abundance) in Alphabetical Order 
Notes on some, but not all, of the rare or less common taxa (relative abundance < 5%) are presented below (See also 
Table 3). A succinct effort to illustrate euaerial diatoms for Iceland led us to illustrate species enumerated, identified, 
and observed in at least 3 samples or at least once with relative abundance over 2 %, other taxa like Muelleria gibbula 
(Cleve 1894: 140) Spaulding et Stoermer (1997: 99) and Rhoicosphenia abbreviata (Agardh 1831: 34) Lange-
Bertalot (1980: 586), documented at least twice in our samples are shown in plates without notes on morphology and 
distribution.
	 Adlafia bryophila (J.B. Petersen 1928: 388) Lange-Bertalot in Moser et al. (1998: 89) (LM = Fig. 10 R)
	 Valves linear with parallel margins and (sub-)capitate ends (length 14–20 µm, width 2.5–3.5 µm, 30–38 striae in 
10µm). Axial area narrow, linear. Central area small, bordered by irregularly spaced, shortened striae. Striae uniseriate, 
in the middle strongly radiate changing abruptly to convergent near the poles. Raphe filiform with slightly curved 
central endings. Terminal fissures sharply hooked into the same direction.
	 Adlafia suchlandtii (Hustedt 1943: 168) Monnier et Ector in Monnier et al. (2012: 139) (LM = Fig. 10 h–i)
	 Valves lanceolate with protracted ends, length 19–20 µm, width 3.8–4.2 µm, for n=10 LM, hard to discern striae 
at the end, visible radiate striae surrounding central area. Central area square ⅓ to ½ of the valve width. Our specimens 
were consistently wider than published literature information (Krammer & Lange-Bertalot 1986, Cantonati et al. 
2017).
	 Aulacoseira alpigena (Grunow in Van Heurck 1882: pl. 86) Krammer (1991: 93) (LM = Fig. 2 L–M)
Valves with rows of mantle areolae curved to the right (Fig. 2 L). The valve face is flat with one row of marginal 
areolae (Fig. 2 M) with visible cluster of 8 tubercules. Spines were not evident.
	 Caloneis schumanniana (Grunow in van Heurck 1880: 99) Cleve (1894: 53) (LM = Fig 11. R)
	 Valves linear-lanceolate with tri-undulated margins and cuneately rounded ends (length 25–42 µm, width 7–10 
µm, 18–20 striae in 10 µm, for n=5). Axial area narrow, linear. Central area a broad rectangular fascia with crescent-
shaped thickenings present on either side of the central area. Raphe straight, linear with weakly deflected central 
endings. Central pores distinct. Transapical striae parallel to weakly radiate in the middle, parallel towards the ends. 
	 Cosmioneis pusilla (W. Smith, 1853: 52) D.G. Mann et Stickle in Round, Crawford & Mann (1990: 526) (LM= 
Fig. 12 F, SEM = Fig. 12 A)
	 Has been reported with central area medium-sized, circular to elliptical (Cantonati et al. 2017), but our LM 
specimen had central area outlining the number ’8’ (Fig. 12 F). Valve morphology measured at length 35.1–59.6 
μm, width middle 10.8–24.1 μm, and striae 12–15 striae in 10 μm (for n=5 LM, n=1 SEM). Striae a little coarser 
than reported in literature, some specimens with shortened striae at the margin (Fig. 12 F). This taxon, known from 
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habitats with variable conditions, can handle increased osmotic-pressure fluctuations on rocks (drying bryophytes) 
with variable water availability (Cantonati et al. 2017).
	 Cymbopleura cf. subaequalis (Grunow in Van Heurck 1880: 61) Krammer (2003: 101) (LM = Fig. 10 I)
	 Valves slightly dorsiventral (length 36–39 µm, width 8.5–9 µm, 13–15 dorsal center striae in 10µm, for n = 3). 
Dorsal side convex, ventral side only less convex. Axial area narrow, central area small. Striae both dorsally and 
ventrally radiate, closer together near the poles, our specimens had dorsal striae spaced in the middle. In LM individual 
puncta not visible. Raphe slightly ventrally displaced. 
	 Fragilariforma nitzschioides (Grunow in Van Heurck 1881: pl. 44) Lange-Bertalot in Hofmann, Werum & Lange-
Bertalot (2011: 268) (LM = Fig. 2 H)
	 Length 31 µm, valve width 3.9 µm, 16 striae in 10 µm. Population documented from squeezed bryophyte.
	 Fragilaria perminuta (Grunow in Van Heurck 1881: 150) Lange-Bertalot in Krammer & Lange-Bertalot (2000: 
581) (LM = Fig. 2 K)
	 Rhomboid/lanceolate shape of the valve with slightly rostrate ends strongly unilateral bulging central area, length 
21.9 μm, width 2.9 μm, striae 18 striae in 10 μm, the striae are mostly parallel, to slightly radiate toward the valve ends. 
Striae alternate.
	 Gomphonema Ehrenberg (1832: 87) sp. 1 (LM = Fig. 10 G)
	 Valves weakly clavate, sometimes even lanceolate-elliptical. The largest width is found above the middle. The 
head poles are usually slightly protracted and flatly rounded while the foot poles are more or less sharply narrowed 
(length 21.5–28.7µm, width 4.5–6 µm, 9–12 striae in 10 µm, for n=3). Axial area linear, narrow. Central area 
unilaterally weakly elongated due to 1 or 2 shortened striae (sometimes striae are not shortened, but missing). Raphe 
lateral to sometimes filiform with almost unmarked terminal and central endings. Transapical striae moderately radiate 
to parallel, somewhat irregularly arranged. Individual areolae sometimes resolvable in LM but most of the times 
impossible to see. Stigma, when present, close to longest stria in the middle.
	 Gomphonema bipunctatum Krasske (1943: 87) (LM = Fig. 10 H)
	 Valves weakly clavate to linear-lanceolate with shortly protracted, rounded head poles and sharply narrowed 
foot poles (length 24–33 µm, width 4–5.2 µm, 12–14 striae in 10µm, for n=5). Our specimens a little bit longer and 
narrower than description in literature (Lange-Bertalot et al. 1996). Axial area narrow, linear. Striae radial in the 
center becoming parallel towards the ends. Central area unilaterally elongated due to one shortened stria in the middle. 
Stigmata present next to 2 slightly shortened stria in the middle. Raphe filiform with central pores turned towards 
the 2 stigmata. Transapical striae almost parallel to weakly radiate, more radiate towards the head poles. Areolae not 
resolvable in LM. Our specimens do not fit the wider Gomphonema duplipunctatum Lange-Bertalot et Reichardt in 
Lange-Bertalot et al. (1996: 88) (Levkov et al. 2016).
	 Luticola cf. nivaloides (W. Bock 1963: 236) Denys et De Smet (1996: 84) (LM = Fig. 10 j)
	 Valves lanceolate to elliptic-lanceolate. Smaller valves becoming rhombic-lanceolate. Apices slightly rostrate-
capitate in longer valves; whereas, in middle-sized specimens, ends usually not protracted but broadly rounded. Valve 
length 17–35 µm, valve width 6–8 µm. Because the length of the valves in our samples reached up to 35 µm long, over 
the 24 µm long reported in the description, we list this taxon with the cf. designation. Axial area relatively wide and 
almost linear. Central area forming a slightly wedge shaped stauros, bordered near the valve face margin by one series 
of small, rounded areolae. One rounded to weakly transapically elongated stigma present, located rather isolated in the 
central area. Raphe branches straight to weakly curved. Central raphe endings short, but clearly deflected opposite to 
the stigma-bearing valve side. Central raphe pores simple. Terminal raphe fissures very short to absent, terminating 
before the last row of areolae in simple pores. Transapical striae radiate throughout, 16–21 in 10 µm, consisting of 
two to four small, rounded areolae. Marginal areolae larger and more transapically elongated on the side opposite the 
stigma but not on the other side. Internally, poroids of the valve face occluded by hymenes. Internal stigma opening 
consisting of almost rounded, irregularly lipped slit.
	 Luticola D.G. Mann in Round, Crawford & Mann (1990: 670) sp. 1 (LM = Fig. 10 k)
	 Valves linear-elliptical with undulated (twice!) margins and capitate ends (valve length 24 µm, valve width 7.5 
µm, 16–18 striae in 10µm). Axial area narrow, linear. Central area almost rectangular. Fascia absent due to some 
shortened striae. Stigma solitary placed. Raphe filiform straight. Central endings curved towards the opposite side of 
the stigma. Terminal fissures deflected to the same side. Transapical striae radiate in the middle.
	 Naviculoid sp. 2 (LM = Fig. 10 g)
	 A single specimen documented related with Adlafia (valve length 14 µm, valve width 3 µm), square central area, 
striae not discernable under LM.
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	 Nitzschia perminuta (Grunow in Van Heurck 1881: pl. 68) Peragallo (1903: 672). (LM = Fig. 10 p–q, s–v)
Valves linear-lanceolate with convex margins and with broadly rounded, slightly protracted ends (valve length 21–38 
µm, valve width 3–4 µm, 15–21 fibulae in 10 µm, for n=10). Fibulae in the middle equidistantly spaced. Transapical 
striae not resolvable in LM. 
	 Platessa rupestris (Krasske 1932: 105) Lange-Bertalot in Krammer & Lange-Bertalot (2004: 445) (Fig. 10 P–
Q)
Valves lanceolate with subrostrate ends. (length 11.5–23 µm, width 3.5–5 µm, 25 striae in 10 µm). Raphe valve: 
axial area linear, slightly widened near the central area. Central area with more spaced, (shorter) striae (sometimes 
at one side, no shorter striae can be observed). Raphe filiform. Rapheless valve: axial area very narrow, linear, wider 
in the central area. Median striae much shorter. Reported as Achnanthes rupestris Krasske (1932: 105) from the Alps 
(Krasske 1932) and Iceland (Foged 1974). Observed at <5% relative abundance in two sites (WW 40, 54).
	 Pinnularia borealis Ehrenberg (1843b: 420) (LM = Fig. 11 E; SEM = Fig. 12 D)
	 Our specimens with measurements of: length 2 –42 µm, valve width 8–10.5 µm, 5–6 striae in 10 µm, for n=10 
LM, were larger than those reported in the literature. This taxon, known to be distributed by wind, is reported as 
pseudaerial and terrestrial (Cantonati et al. 2017).
	 Pinnularia intermedia (Lagerstedt 1873: 2) Cleve (1895: 80) (LM = Fig. 11 I–J)
	 Valve length 20–29 µm, valve width 5–6.2 µm, and 8–8.5 striae in 10 µm (for n=5 LM). This taxon is previously 
documented from Iceland (Petersen 1928a, Foged 1974). 
	 Pinnularia minoricapitata Krammer (2002: 175). (LM = Fig. 11 N–O). This taxon was reported by Petersen 
(1928a: 408) as P. parva var. minuta as it differs from P. parva by the smaller size. In our study length 30–40 µm, 
valve width 5–7 µm, 8–9 striae in 10 µm (for n=5 LM). Terminal raphe endings hooked to the same direction. Striae 
interrupted in the center. Pinnularia minutiformis Krammer (2000: 29) was used for the same taxon and later changed 
to the most current synonym.
	 Pinnularia parva W. Gregory (1854: 98) (LM = Fig. 11 K–M)
	 Valves linear with parallel margins and obtusely rounded, not protracted ends (length 30–40 µm, width 5–7 µm, 
8–9 striae in 10 µm, for n=5 LM). Axial area narrow, straight. Central area a broad, rectangular fascia. Raphe filiform 
with laterally deflected central endings and teardrop central pores. Distal raphe ends deflected. Transapical striae 
parallel throughout the entire valve.
	 Pinnularia Ehrenberg (1843a: 45) sp. 1 (LM = Fig. 11 D)
	 Valves linear with parallel margins and broadly rounded, not protracted ends (length 51–65 µm, valve width 9–13 
µm, 5–5.5 striae in 10 µm, for n=10). Axial area narrow, linear. Central area rounded more than ½ of the width of the 
valve, asymmetrical in the middle due to the shortening of some striae on one side and marginal striae on the other. 
Raphe moderately lateral, slightly arcuate. Proximal raphe ends deflected towards one side, tear-drop shaped central 
pores. Distal fissures sickle-shaped in prominent terminal areas. Transapical striae broad, radiate in the middle, parallel 
to convergent near the apices. No longitudinal lines. We considered several taxa, for example P. rabenhorstii (Grunow 
1860: 515) Krammer (2000: 22) is wider than our specimens and P. idsbensis Pavlov et Levkov (2013: 39) has central 
area always smaller than ½ width of the valve (Pavlov et Levkov 2013), while ours is wider.
	 Pinnularia sp. 2 (LM = Fig. 11 C)
	 Valves linear with parallel margins and broadly rounded, not protracted ends (length 65–72 µm, valve width 
12–13 µm, 5 striae in 10µm, for n=5 LM). Axial area narrow, linear. Central area rounded more than ½ of the width 
of the valve, asymmetrical in the middle due to the shortening of some striae on one side and on the other no visible 
striae on valve face and central area reaching margin. Raphe moderately lateral, slightly arcuate. Proximal raphe ends 
deflected towards one side and curved, no visible central pores. 
	 Pinnularia stomatophora (Grunow in A. Schmidt et al. 1876: pl. 44) Cleve (1895: 83) (LM = Fig. 11 B)
	 Valves broadly elliptic-lanceolate with convex sides and broadly rounded, sometimes protracted, ends (length 
83 µm, width 9.5–10 µm, 13–14 striae in 10µm). Axial area narrow, slightly linear-lanceolate, widening towards the 
middle. Central area has a broad fascia, enlarging towards the valve margins. Raphe filiform, weakly curved with 
clearly enlarged central pores. Terminal fissures strongly hooked. Transapical striae weakly radiate and even sinuous 
in the middle, more and more convergent towards the apices. Longitudinal lines absent. This taxon has been reported 
from cold habitats (Cantonati et al. 2017).
	 Pinnularia cf. subcommutata Krammer (1992: 136) (LM = Fig. 11 A)
	 Valves linear with obtusely rounded ends. Our specimen was a little bit longer than reported in the literature 
(thus we chose to keep a cf. designation): length 76 µm, width 9 µm, 12 striae in 10µm, length in literature 40–70 
µm (Krammer 2000). Axial area moderately broad, widening towards the central area. Central area elliptical. Raphe 
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moderately lateral with bent central endings and distinct central pores. Terminal fissures shaped as hooks. Striae 
radiate in the middle, parallel towards the poles. A longitudinal band is present. Asymmetrically missing striae.
	 Sellaphora seminulum (Grunow 1860: 552) D.G. Mann (1989: 2) (LM = Fig. 10 c)
	 In current literature Navicula seminulum var. radiosa Hustedt (1954: 473) (Fig. 10 b) is a synonym of S. seminulum 
(Wetzel et al. 2015). However, we kept S. seminulum separate from the N. seminulum var. radiosa based on the less 
convex margins and narrower width for N. seminulum var. radiosa. The complex is known from intermittently-drying 
small water bodies.
	 Stauroforma atomus (Hustedt 1931: 164) D. Talgatti, C.E. Wetzel, E. Morales et L.C. Torgan (2014: 45) (LM = 
Fig. 2 O–P) known to survive in brackish conditions (Talgatti et al. 2014). Our specimens were thinner and longer than 
given in the literature, length 8–9 μm, width 2.4–2.6 μm, striae 16 striae in 10 μm (for n=10 LM) as compared with the 
type population length 4.5–7 μm, width 2.5–3.5 μm, striae 16 striae in 10 μm, but it fits Cantonati et al. (2017). Has 
been reported from Iceland as Fragilaria atomus Hustedt 1931: 164 (Hallgrímsson 2007) and Fragilariforma atomus 
(Hustedt 1931: 164) Lange-Bertalot in Hofmann, Werum & Lange-Bertalot 2011: 257
 (Cantonati et al. 2017).

Ecology of Aerial Environments in Iceland
Exposed rock habitats from this study showed remarkable diversity in diatom species, while surprisingly collections 
from snow and ice habitats within Iceland during the same period as our study contained extremely low numbers of 
diatom species. Stramenopile representatives in the latter assemblages were predominantly chrysophytes (Lutz et al. 
2015), which were also present in our samples (personal observation). This suggests that though present in a harsher 
landscape, the microhabitats available in the rock outcrops of these volcanic rocks provided enough refuge from the 
environment for diatom assemblages to grow and diversify. Similarly, the diversity of microhabitat conditions present 
on these aerial habitats likely drive patterns of diatom diversity observed.
	 The availability of moisture, nutrients, CO2, and heat, and their interactions can drive the abundance and diversity 
of diatom taxa in aerial environments. Taxa classified as euaerial in this study applied to those taxa observed with 
evidence of physiological activity (intact chloroplasts), with relative abundances of > 5%, and with reports in at least 2 
other sources as either aerophylic or terrestrial (Table 2). The high diversity of diatoms, along with the higher relative 
abundance of some taxa like Humidophila species observed on the volcanic rock outcrops sampled in this study 
suggest the availability of microhabitats with adequate and varied sources of moisture, nutrients, and heat. Several of 
the genera reported, especially those at relative abundances > 5%, such as Humidophila and Orthoseira, are commonly 
reported from aerial habitats (Lowe et al. 2014, Lowe et al. 2007, Furey et al. 2007). 
	 Most of the assemblages we observed existed as a thin layer, likely because multi-layer or thicker assemblages 
observed for pseudoaerial diatom populations struggle to adhere to rock surfaces or proliferate without extensive 
mucilage production (Lowe et al. 2007). Though we observed some colonies of mucilage-producing cyanobacteria 
like Nostoc linkia Bornet ex Bornet et Flahault (1886: 193), the colonies were small and thus not likely to provide a 
moisture-rich environment for the diatoms. Cyanobacteria require more exposure to light compared to diatoms that can 
outcompete other taxa within the shading of the surface layer of rock biofilms (Karsten et al. 2007). The surrounding 
atmosphere, supplemented by moisture from the neighboring lichens, bryophytes and other epilithophytes, likely 
supplied the aerial diatom assemblages with sufficient moisture. Modifications to diatom morphological features can 
also reduce moisture loss. The frustules of Humidophila taxa contain reduced external openings (see for example Figs 
7 A, K, P, 8 A, Q, 9 A) that can help reduce moisture loss, as has been shown in other studies (e.g. Furey et al. 2007). 
Some taxa like Orthoseira roeseana (Fig. 3 A–C), Pinnularia borealis (Figs 11 E, 12 D) and Hygropetra balfouriana 
(Fig. 2 U, V) are relatively more porous, but also frequently reported from aerial and terrestrial environments (Johansen 
2010).
	 As the diatoms in this study existed in aerial settings with minimal or ephemeral moisture, we did not collect 
measurements of pH, DO, and conductivity. While substrate mineralogy, and chemistry including pH can influence 
diatom species assemblage structure (Furey et al. 2007), it may not be an ultimate driver of species distribution 
patterns as factors like moisture, coupled with microhabitat variations can act as stronger determinants of biodiversity 
(Furey et al. 2007, Lowe et al. 2007). However, the presence of acidophilic taxa, like Eunotia and Pinnularia, at the 
sites in this study suggest habitats may be slightly acidic (Krammer & Lange-Bertalot 2000, Denicola 2000, Smith & 
Manoylov 2007), though the high diversity of other diatoms indicates that sites were not extremely acidic.
	 Though aerial diatoms are typically adapted to low nutrient environments (Johansen 2010), sources of nutrients 
are still essential for diatom growth. Variability in habitat conditions on a microscale, i.e. in response to nutrients, 
can contribute to local-scale diversity. The presence of Planothidium lanceolatum (Brébisson ex Kützing 1846: 247) 
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Lange-Bertalot (1999: 287) (WW 55), Navicula symmetrica Patrick (WW 54) and Melosira varians (WW 50) suggest 
intermittent availability of nutrients in those samples. Utilization of nutrients released with microbial digestion could 
support the localized presence of high nutrient taxa in low abundance. The Icelandic landscape is nitrogen poor, and 
many juvenile lava fields and streams support an abundant flora of N2-fixing taxa (Englund 1976). Diatoms like 
Epithemia turgida (Ehrenberg 1832: 80) Kützing (1844: 34), Rhopalodia gibba (Ehrenberg 1832  80) Müller 1895: 65) 
and Epithemia sorex Kützing (1844: 33) that contain endosymbiotic cyanobacteria that fix nitrogen (DeYoe et al. 1992, 
Stancheva et al. 2013), occurred in low abundances on the wetwalls, though it was not clear if low N-availability, lack 
of water, or another variable constrained their presence. Samples contained N2-fixing cyanobacteria, but also in low 
abundance (personal observation).
	 Substrata type, including geology, can act as an additional limiting factor, but may also provide a source of minerals 
for aerial algae. Peterson (1928a), for example, reports that basalt and palagonite-breccia rocks contain insoluble 
calcium. In contrast, quartz, plagioclase, pyroxene and very high iron levels dominate the mineral composition of the 
igneous, mostly basalt rocks of Iceland (Lutz et al. 2016), and may help support a diverse assemblage of diatoms. In 
these aerial habitats, other minerals may intermittently come in as dust, especially with snowmelt. Iceland acts as an 
active dust source in the high-latitude cold region. About 50% of the annual dust events in the southern part of Iceland 
take place at sub-zero temperatures or in winter, when dust can mix with snow (Dagsson-Waldhauserova et al. 2015). 
During snowmelt, aerial environments may receive pulses of mineral inputs. The deposition of SiO2 rich volcanic dust 
on all exposed surfaces in Iceland may also accelerate the thaw of snow and ice, with the potential of positive feedback 
to increase the anthropogenic Arctic warming. Heated volcanic rocks can create an oasis of habitats with the potential 
release of essential nutrients like P, Si, Mg, and Fe all needed for photosynthesis and other metabolic processes. Rocks 
potentially retain heat better than any fluids and therefore might support the well-developed diatom assemblages we 
observed.

Biogeography
While many diatoms in this study are likely adapted to the euaerial and pseudo-aerial conditions of these habitats, 
factors affecting dispersal and related biogeography need further study, especially where cryptic diversity of diatom 
morphospecies are concerned. The diversity of diatoms reported here fill in some knowledge gaps for the diatom flora 
of arctic regions that may help guide future studies on arctic biogeography. For example, the small fragilaroid taxa in 
this study exist in cold waters (Douglas & Smol 1999) and may show broader distribution patterns. The monospecific 
genus Hygroperta has been reported from moss habitats (Borchard et al. 2018) and as part of the current study as 
epilithic; both are common in northern landscapes. Representatives of the genus Stauroneis reported in this study 
have been previously reported from the Arctic (Van De Vijver et al. 2004). Many of the taxa common in this study 
(Diatomella balfouriana, Eunotia species, Humidophila species, Hygropetra balfouriana) and previously reported in 
studies from Iceland (Hallgrímsson 2007, Broady 1978, Foged 1974, Petersen 1928a) remain present on the Icelandic 
landscape. However, closer examination reveals the presence of new and likely new taxa, to suggest that careful 
taxonomic work remains necessary for underexplored regions like Iceland. 

Conclusion

The diatom flora described here adds to the flora for this region, highlights the diversity of diatom assemblages that can 
inhabit euaerial environments, and provides evidence of adaptive success of diatoms in extreme habitats with limiting 
moisture and nutrients. Abundant diatoms in this study were well adapted to diel fluctuation in temperature compared 
to more stable aquatic environments. The presence of enough moisture for photosynthesis and exposure to high light 
levels might complement the access to atmospheric CO2 in this environment to promote growth. The descriptions 
of one new diatom (Humidophila eldfjallii sp. nov) and one likely new diatom Humidophila sp. 1 further add to the 
knowledge of the global diversity of aerial diatoms. The SEM images provide additional morphological information 
for small taxa previously reported from the Icelandic landscape. 



Aerial diatoms from Iceland Phytotaxa 428 (3) © 2020 Magnolia Press   •   201

Acknowledgements

Special thanks to Jόn Ólafsson, Gísli Már Gíslason, Iris Hansen, and the scientists and staff at the Institute of Freshwater 
Fisheries in Iceland for their knowledge, support, and laboratory facilities that facilitated this work. Thank you to Jόn 
Ólafsson and Iris Hansen for feedback on the manuscript. Thank you to Macalester College, MN for access to and use 
of their Scanning Electron Microscope. National Science Foundation grant MIP-1531843 supported SEM work by 
KMM at Georgia College and State University. National Science Foundation Major Research Instrumentation Grant 
(MRI-1827514) supported part of the light microscope image work for PCF at St. Catherine University.

References

Agardh, C.A. (1827) Aufzählung einiger in den östreichischen Ländern gefundenen neuen Gattungen und Arten von Algen, nebst ihrer 
Diagnostik und beigefügten Bemerkungen. Flora oder Botanische Zeitung, Regensburg 10 (no. 40 of the second volume): 625–640. 
[http://www.algaebase.org/search/bibliography/detail/?biblio_id=10399]

Agardh, C.A. (1831) Conspectus Criticus Diatomacearum. Part III. Lundae Literis Berlingianis, Lund. [http://www.algaebase.org/search/
bibliography/detail/?biblio_id=36447]

Anonymous (1975) Proposals for a standardization of diatom terminology and diagnoses. Nova Hedwigia, Beihefte 53: 323–354.
Berg, Å. (1939) Some new species and forms of the diatom genus Eunotia Ehrenberg 1837. Botaniska Notiser 1939: 423–462.
Bergey, E.A. (2005) How protective are refuges? Quantifying algal protection in rock crevices. Freshwater Biology 50: 1163–1177.
	 https://doi.org/10.1111/j.1365-2427.2005.01393.x
Bock, W. (1963) Diatomeen extreme trockener Standorte. Nova Hedwigia 5 (1/2): 199–254, 3 pl.
Bornet, É. & Flahault, C. (1886 ‘1888’) Revision des Nostocacées hétérocystées contenues dans les principaux herbiers de France 

(quatrième et dernier fragment). Annales des Sciences Naturelles, Botanique, Septième Série 7: 177–262.  [http://www.algaebase.
org/search/species/detail/?species_id=30130]

Bouchard, G., Gajewski, K.K. & Hamilton, P.B. (2004) Freshwater diatom biogeography in the Canadian Arctic Archipelago. Journal of 
Biogeography 31 (12): 1955–1973.

	 https://doi.org/10.1111/j.1365-2699.2004.01143.x
Bouchard, F., Proult, V., Pienitz, R., Antoniades, D., Tremblay, R. & Vincent, W.F. (2018) Periphytic diatom community structure in 

thermokarst ecosystems of Nunavik (Québec, Canada). Arctic Science 4: 110–129.
	 https://doi.org/10.1139/AS-2016-0020
Broady, P.A. (1978) The terrestrial algae of Glerardalur Akureyri, Iceland. Acta Botanica Islandica 5: 3–62. 
	 http://utgafa.ni.is/Acta-Botanica-Islandica/Acta-Botanica-Islandica-5/Acta-Botanica-Islandica-5-1.pdf
Bukhtiyarova, L. & Round, F.E. (1996) Revision of the genus Achnanthes sensu lato. Psammothidium, a new genus based on A. 

marginulatum. Diatom Research 11: 1–30.
	 https://doi.org/10.1080/0269249X.1996.9705361
Cantonati, M., Kelly, M.G. & Lange-Bertalot, H. (2017) Freshwater Benthic Diatoms of Central Europe. Koeltz Botanical Books, 

Schmitten-Obereifenberg, Germany, 942 pp., 135 pls.
Cleve, P.T. & Grunow, A. (1880) Beiträge zur Kenntniss der arctischen Diatomeen. Kongliga Svenska Vetenskaps-Akademiens Handlingar 

17 (2): 1–121, 7 pls.
Cleve, P.T. (1894) Synopsis of the naviculoid diatoms. Part I. Kongliga Svenska Vetenskapsakademiens Handlingar Series 4 26 (2): 1–194, 

5 pls. 
	 http://www.algaebase.org/search/bibliography/detail/?biblio_id=38719
Cleve, P.T. (1895) Synopsis of the naviculoid diatoms. Part II. Kongliga Svenska Vetenskapsak Akademiens Handlingar 27 (3): 1–219, 4 

pls. 
	 http://www.algaebase.org/search/bibliography/detail/?biblio_id=44718
Cox, E.J. (2006) Raphe loss and spine formation in Diadesmis gallica (Bacillariophyta) – an intriguing example of phenotypic plasticity 

in a diatom. Nova Hedwigia, Beihefte 130: 163–176.
Crawford, R.M. (1981) The diatom genus Aulacoseira Thwaites: Its structure and taxonomy. Phycologia 20: 174–192.
	 https://doi.org/10.2216/i0031-8884-20-2-174.1
Dagsson-Waldhauserova, P., Arnalds, O., Olafsson, H., Hladil, J., Skala, R., Navratil, T., Chadimova, L. & Meinander, O. (2015) Snow-

dust storm: Unique case study from Iceland, March 6-7, 2013. Aeolian Research 16: 69–74.

http://www.algaebase.org/search/bibliography/detail/?biblio_id=36447
http://www.algaebase.org/search/bibliography/detail/?biblio_id=36447


furey et al.202   •   Phytotaxa 428 (3) © 2020 Magnolia Press

	 https://doi.org/10.1016/j.aeolia.2014.11.001
Denys, L. & De Smet, W.H. (1996) Observations on the subaerial diatom Navicula spinifer Bock, and its transfer to Luticola Mann. 

Cryptogamie Algologie 17: 77–93.
Denicola, D.M. (2000) A review of diatoms found in highly acidic environments. Hydrobiologia 433: 111–122.
	 https://doi.org/10.1023/A:1004066620172
DeYoe, H.R., Lowe, R.L. & Marks, J.C. (1992) Effects of nitrogen and phosphorus on the endosymbiont load of Rhopalodia gibba and 

Epithemia turgida (Bacillariophyceae). Journal of Phycology 28: 773–777.
	 https://doi.org/10.1111/j.0022-3646.1992.00773.x
Douglas, M. & Smol, J. (1999) Freshwater diatoms as indicators of environmental change in the High arctic. In” The diatoms: applications 

for the environment and earth sciences” Cambridge University Press. Cambridge.p 227–244. 
	 https://doi.org/10.1017/CBO9780511613005.011
Ehrenberg, C.G. (1832) Über die entwickelung und Lebensdauer der Infusionsthiere; nebst ferneren Beiträgen zu einer Vergleichung ihrer 

organischen Systeme. Abhandlungen der Königlichen Akademie Wissenschaften zu Berlin, Physikalische Klasse 1831: 1–154. 
	 http://www.algaebase.org/search/bibliography/detail/?biblio_id=21418 
Ehrenberg, C.G. (1837) Über ein aus fossilen Infusorien bestehendes, 1832 zu Brod verbacknes Bergmehl von den Grenzen Lapplands 

in Schweden. Bericht über die zur Bekanntmachung geeigneten Verhandlungen der Königl. Preuß. Akademie der Wissenschaften zu 
Berlin 1837: 43–45.

	 https://doi.org/10.1002/andp.18371160116
Ehrenberg, C.G. (1842) Nachricht von zwei durch die Contess of Caledon in Irland beobachteten Lagern fossiler Infusorien. Bericht über 

die zur Bekanntmachung geeigneten Verhandlungen der Königlich-Preussischen Akademie der Wissenschaften zu Berlin, 1842: 
335–339.

Ehrenberg, C.G. (1843a) Mittheilungen über 2 neue asiatische Lager fossiler Infusorien-Erden aus dem russischen Trans-Kaukasien 
(Grusien) und Sibirien. Bericht über die zur Bekanntmachung geeigneten Verhandlungen der Königlich-Preussischen Akademie der 
Wissenschaften zu Berlin 1843: 43–49.

Ehrenberg, C.G. (1843b) Verbreitung und Einfluss des mikroskopischen Lebens in Süd-und Nord-Amerika. Abhandlungen der Königlichen 
Akademie der Wissenschaften zu Berlin 1841: 291–445.

	 https://archive.org/details/b22474833
Englund, B. (1976) Nitrogen fixation by free-living microorganisms on the lava field of Heimaey, Iceland. Oikos 27 (3): 428–432. 
	 https://doi.org/10.2307/3543461
Ettl, H. & Gärtner, G. (1995) Syllabus der Boden-, Luft- und Flechtenalgen. pp. i-vii, 1–721. Stuttgart: Gustav Fischer. 
	 https://doi.org/10.1007/978-3-642-39462-1
Evans, J.H. (1958) The survival of freshwater algae during dry periods Part I. An investigation of the algae of five small ponds. Journal 

of Ecology 46 (1): 49–67.
	 https://doi.org/10.2307/2256910
Evans, J.H. (1959) The survival of freshwater algae during dry periods Part II Drying experiments Part III. Stratification of algae in pond 

margin litter and mud. Journal of Ecology 47 (1): 55–81.
	 https://doi.org/10.2307/2257248
Falasco, E., Ector, L., Isaia, M., Wetzel, C.E., Hoffmann, L. & Bona, F. (2014) Diatom flora in subterranean ecosystems: A review. 

International Journal of Speleology 43 (3): 231–251.
	 https://doi.org/10.5038/1827-806X.43.3.1
Foged, N. (1953) Diatoms from West Greenland. reprint from Meddelelser om Grønland, Vol, 147, No. 10. Bianco Lunos Bogtrykkeri, 

Kobenhavn, 86 pp., 13 pls.
Foged, N. (1955) Diatoms from Peary Land, North Greenland. reprint from Meddelelser om Grønland, Vol. 128, No. 7. Bianco Lunos 

Bogtrykkeri A/S, Kobenhavn. 90 pp., 14 pls.
Foged, N. (1964) Freshwater Diatoms from Spitsbergen. Tromse Museums Skrifter Vol XI. Universitetforlaget, Tromso/Oslo 205 pp.
Foged, N. (1974) Freshwater Diatoms in Iceland. Bibliotheca Phycologia, J. Cramer, Vaduz, 15: 1–118, 36 pls. 
Foged, N. (1981) Diatoms in Alaska. Bibliotheca Phycologia. J. Cramer, Vaduz, Germany. 53: 1–317.
Furey, P.C., Lowe, R.L. & Johansen, J.R. (2007) Wet wall algal community response to in-field nutrient manipulation in the Great Smoky 

Mountains National Park, USA. Algological Studies 125 (1): 17–43.
	 https://doi.org/10.1127/1864-1318/11/0125-017
Furey, P.C., Lowe, R.L. & Johansen, J.R. (2011) Eunotia (Bacillariophyta) of the Great Smoky Mountains National Park, USA. Bibliotheca 

Diatomologica 56: 1–134, 53 pls.
Fritsch, F. (1922) The terrestrial alga. Journal of Ecology 10: 220–236. 
	 https://doi.org/10.2307/2255743



Aerial diatoms from Iceland Phytotaxa 428 (3) © 2020 Magnolia Press   •   203

Gibbons, S.M. (2017) Metapopulation theory provides new insight into microbial biogeography. Environmental Microbiology 19: 849–
850.

	 https://doi.org/10.1111/1462-2920.13702
Glushchenko, A., Kulikovskiy, M., Okhapkin, A. & Kociolek, J.P. (2017) Aneumastus laosica sp. nov. and A. genkalii sp. nov. - two 

new diatom species from Laos (Southeast Asia) with comments on the biogeography of the genus. Cryptogamie Algologie 38 (3): 
183–199.

	 https://doi.org/10.7872/crya/v38.iss3.2017.183
Gregory, W. (1854) Notice of the new forms and varieties of known forms occurring in the diatomaceous earth of Mull; with remarks on 

the classification of the Diatomaceae. Quarterly Journal of Microscopical Science 2: 90–100, 4 pls.
Greville, R.K. (1855) Report on a collection of Diatomaceae made in the District of Braemar by Professor Balfour and Mr. George 

Lawson. Annals and Magazine of Natural History, 2nd series 15: 252–261.
	 https://doi.org/10.1080/037454809495417
Grunow, A. (1860) Über neue oder ungenügend gekannte Algen. Erste Folge, Diatomeen, Familie Naviculaceen. Verhandlungen der 

Kaiserlich-Königlichen Zoologisch-Botanischen Gesellschaft in Wein 10: 503-582, pls III-VII.
Guiry, M.D. & Guiry, G.M. (2018) AlgaeBase. World-wide electronic publication, National University of Ireland, Galway. http://www.

algaebase.org.(accessed 28 February 2018)
Hallgrímsson, H. (2007) Þörungatal. Skrá yfir vatna- og landþörunga á Íslandi samkvæmt heimildum [A list of freshwater and terrestrial 

algae recorded from Iceland]. Fjölrit Náttúrufræðistofnuna 48: 1–94.
Hamilton, P.B., Poulin, M., Charles, D.F. & Angell, M. (1992) Americanarum diatomarum exsiccata: CANA, Voucher slides from eight 

acidic lakes in northeastern North America. Diatom Research 7 (1): 25–36.
	 https://doi.org/10.1080/0269249X.1992.9705195
Heiden, H. & Kolbe, R.W. (1928) Die Marinen Diatomeen der Deutschen Südpolar-Expedition, 1901–1903. In: Deutsche Sudpolar-

Expedition, 1901–1903, herausgegeban von Erich von Drygalski. VIII, Botanik (no. 5). Walter de Gruyter & Co., Berlin und Leipzig, 
pp. 447–715.

Hodač, L., Hallmann, C., Spitzer, K., Elster, J., Faßhauer, F., Brinkmann, N., Lepka, D., Diwan, V. & Friedl, T. (2016) Widespread green 
algae Chlorella and Stichococcus exhibit polar-temperate and tropical-temperate biogeography, FEMS Microbiology Ecology 92 (8): 
n. page.

	 https://doi.org/10.1093/femsec/fiw122
Hofmann, G., Werum, M. & Lange-Bertalot, H. (2011) Diatomeen im Süsswasser-Benthos von Mitteleuropa. Bestimmungsflora Kieselalgen 

für die ökologische Praxis. Über 700 der häufigsten Arten und ihre Ökologie. Rugell: ARG Gantner Verlag. 908 pp. 133 pls.
Hollibaugh, J.T., Seibert, D.L. & Thomas, W.H. (1981) Observations on the survival and germination of resting spores of three Chaetoceros 

(Bacillariophyceae) species. Journal of Phycology 17: 1–9.
	 https://doi.org/10.1111/j.1529-8817.1981.tb00812.x
Houk, V. (1993) Some morphotypes in the “Orthoseira roeseana” complex. Diatom Research 8 (2): 385–402.
	 https://doi.org/10.1080/0269249X.1993.9705269
Hustedt, F. (1930) Bacillariophyta (Diatomeae). Die Süsswasser-Flora Mitteleuropas, Heft 10, Gustav Fischer, Jena, 466 pp., 875 figs.
Hustedt, F. (1931) Die Kieselalgen Deutschlands, Österreichs und der Schweiz unter Berücksichtigung der übrigen Länder Europas sowie 

der angrenzenden Meeresgebiete. Bd. VII: Teil 2: Liefrung 1. In: Rabenhorst’s Kryptogamen Flora von Deutschland, Österreich und 
der Schweiz. Leipzig: Akademische Verlagsgesellschaft m.b.h, pp. 1–176.

Hustedt, F. (1937) Sußwasserdiatomeen von Island, Spitzbergen und den Färöer-Inseln. Botanisches Archiv 38: 152–207.
Hustedt, F. (1943). Die Diatomeenflora einiger Hochgebirgsseen der Landschaft Davos in den schweizer Alpen. Internationale Revue der 

gesamten Hydrobiologie und Hydrographie 43: 124–197, 225–280.
	 https://doi.org/10.1002/iroh.19430430402
Hustedt, F. (1954) Die Diatomeenflora der Eifelmaare. Archiv für Hydrobiologie 48 (4): 451–496.
Huston, M.A. & Huston, M.A. (1994) Biological diversity: the coexistence of species. Cambridge University Press, 681 pp. 
	 https://doi.org/10.1017/S0025315400015393
IPCC (2014) Climate Change 2014: Synthesis Report Contribution of Working Groups I, II and III to the Fifth Assessment Report of the 

Intergovernmental Panel on Climate Change [Core Writing Team, Pachauri, R.K. & Meyer, L.A. (eds.)]. IPCC, Geneva, Switzerland, 
151 pp.

Johansen, J.R. (2010) Diatoms of aerial habitats. In:Smol, J.P & Stoermer, E.F. (Eds.) The Diatoms: Applications for the Environmental 
and Earth Sciences, 2nd edition, Cambridge University Press, pp. 465–472.

	 https://doi.org/10.1017/CBO9780511763175.025
Johansen, J.R., Rushforth, S.R., Obbendorfer, R., Fungladda, N. & Grimes, J.A. (1983) The algal flora of selected wet walls in Zion 

National Park, Utah, USA. Nova Hedwigia 38: 765–808. 



furey et al.204   •   Phytotaxa 428 (3) © 2020 Magnolia Press

Jung, P., Briegel-Williams, L., Schermer, M. & Büdel, B. (2018) Strong in combination: Polyphasic approach enhances arguments for 
cold-assigned cyanobacterial endemism. Microbiology Open. 2018.

	 https://doi.org/10.1002/mbo3.729
Karsten, U., Schumann, R. & Mostaert, A. (2007) Aeroterrestrial algae growing on man-made surfaces: What are the secrets of their 

ecological success. In: Seckbach, J. (Ed.) Algae and Cyanobacteria in Extreme Environments. [Cellular Origin, Life in Extreme 
Habitats and Astrobiology 11]. Springer, Dordrecht, pp. 585–597.

	 https://doi.org/10.1007/978-1-4020-6112-7_32
Kilroy, C., Biggs, B.J. & Vyverman, W. (2007) Rules for macroorganisms applied to microorganisms: patterns of endemism in benthic 

freshwater diatoms. Oikos 116 (4): 550–564.
	 https://doi.org/10.1111/j.0030-1299.2007.15447.x
Kopalová, K., Veselá, J., Elster, J., Nedbalová, L., Komárek, J. & Van de Vijver, B. (2012) Benthic diatoms (Bacillariophyta) from 

seepages and streams on James Ross Island (NW Weddell Sea, Antarctica). Plant Ecology and Evolution 145 (2): 190–208. 
	 https://doi.org/10.5091/plecevo.2012.639
Krammer, K. (1991) Morphology and taxonomy of some taxa in the genus Aulacoseira Thwaites (Bacillariophyceae). I. Aulacoseira 

distans and similar taxa. Nova Hedwigia 52 (1/2): 89–112, 10 pls.
Krammer, K. (1992) Pinnularia. Eine Monographie der europäischen Taxa. Bibliotheca Diatomologica 26: 1–353, 76 pls.
Krammer, K. (2000) The genus Pinnularia. In: Lange-Bertalot, H. (Ed.) Diatoms of Europe, Diatoms of Inland Waters and Comparable 

Habitats 1: 1–703, 217 pls. Ruggell: A.R.G. Gantner Verlag K.G.
Krammer, K. (2002) Cymbella. In: Lange-Bertalot, H. (Ed.) Diatoms of Europe, Diatoms of the European Inland Waters and Comparable 

Habitats. Vol. 3. Ruggell: A.R.G. Gantner Verlag K.G., pp. 1–584, 194 pls.
Krammer, K. (2003) Cymbopleura, Delicata, Navicymbula, Gomphocymbellopsis, Afrocymbella. In: Lange-Bertalot, H. (Ed.) Diatoms of 

Europe, Diatoms of the European Inland Waters and Comparable Habitats. Vol. 4. Rugell: A.R.G. Gantner Verlag K.G., pp. 1–530., 
164 pls.

Krammer, K. & Lange-Bertalot, H. (1985) Naviculaceae Neue und wenig bekannte Taxa, neue Kombinationen und Synonyme sowie 
Bemerkungen zu einigen Gattungen. Bibliotheca Diatomologia 9: 1–230, 43 pls.

Krammer, K. & Lange-Bertalot, H. (1986) Bacillariophyceae. 1. Teil: Naviculaceae. In: Ettl, H., Gerloff, J., Heynig, H. & Mollenhauer, 
D. (Eds.) Süβwasser flora von Mitteleuropa, Band 2/1. Gustav Fischer Verlag: Stuttgart, New York, 876 pp.

Krammer, K. & Lange-Bertalot, H. (1988) Bacillariophyceae. 2. Teil: Bacillariaceae, Epithemiaceae, Surirellaceae. In: Ettl, H., Gerloff, J., 
Heynig, H. & Mollenhauer, D. (Eds.) Süβwasserflora von Mitteleuropa, Band 2/2. VEB Gustav Fischer Verlag: Jena, 596 pp.

Krammer, K. & Lange-Bertalot, H. (1991) Bacillariophyceae. 4. Teil: Achnanthaceae, Kritische Ergänzungen zu Navicula (Lineolatae) 
und Gomphonema, Gesamtliteraturverzeichnis Teil 1-4. in Ettl, H., Gärtner, G., Gerloff, J., Heynig, H. & Mollenhauer, D. (Eds.) 
Süβwasserflora von Mitteleuropa, Band 2/4. Gustav Fischer Verlag: Stuttgart, Jena, 437 pp.

Krammer, K. & Lange-Bertalot, H. (2000) Bacillariophyceae, 3. Teil: Centrales, Fragilariaceae, Eunotiaceae. In: Ettl, H., Gerloff, J. 
Heynig, H. & Mollenhauer, D. (Eds.) Süßwasserflora von Mitteleuropa. Band 2/3 (ed. 2). Heidelberg: Spektrum Akademischer 
Verlag, 599 pp.

Krammer, K. & Lange-Bertalot, H. (2004) Bacillariophyceae 4. Teil: Achnanthaceae, Kritische Erganzungen zu Navicula (Lineolatae), 
Gomphonema. Gesamtliteraturverzeichnis Teil 1-4 [second revised edition] [With “Ergänzungen und Revisionen” by H. Lange 
Bertalot]. In: Süßwasserflora von Mitteleuropa. Vol. 2, Heidelberg: Spektrum Akademischer Verlag. 468 pp.

Krasske, G. (1932) Beiträge zur Kenntnis der Diatomeenflora der Alpen. Hedwigia 72 (3): 92–135. [https://www.zobodat.at/pdf/Hedwigia_
72_1932_0092-0134.pdf]

Krasske, K. (1943) Zur Diatomeenflora Lapplands. Bericht der Deutschen Botanischen Gessellschaft 61 (3): 81–88. 
	 https://doi.org/10.1111/j.1438-8677.1943.tb01731.x
Kristiansen, J. (1996) Dispersal of freshwater algae–a review. Hydrobiologia 336: 151–157.
	 https://doi.org/10.1007/BF00010829
Kützing, F.T. (1844) Die Kieselschaligen. Bacillarien oder Diatomeen. W. Köhne, Nordhausen, 144 pp.
	 https://doi.org/10.5962/bhl.title.64360
Kützing, F.T. (1846) Kurze Mittheilung über einege kieselschalige Diatomeen. Botanischen Zeitung 4: 247–248.
Kützing, F.T. (1849) Species Algarum. Lipsiae, F.A., Brockhaus, 922 pp.
	 https://doi.org/10.5962/bhl.title.60464
Lagerstedt, N.G.W. (1873) Sötvatens-Diatomaceer fran Spetsbergen och Beeren Eiland. Bihang till Kongliga Svenska Vetenskaps-

Akademiens Handlingar 1 (14): 1–52, 2 pls.
Lange-Bertalot, H. (1980) Ein beitrag zur revision der gattungen Rhoicosphenia Grun., Gomphonema C. Ag., Gomphoneis Cl. Botaniska 

Notiser 133: 585–594.
Lange-Bertalot, H. & Genkal, S.I. (1999) Diatoms from Siberia I. Islands in the Arctic Ocean (Yugorsky-Shar Strait). In: Lange-Bertalot, 

https://www.zobodat.at/pdf/Hedwigia_72_1932_0092-0134.pdf
https://www.zobodat.at/pdf/Hedwigia_72_1932_0092-0134.pdf


Aerial diatoms from Iceland Phytotaxa 428 (3) © 2020 Magnolia Press   •   205

H. (Ed.) Iconographia Diatomologica, Annotated Diatom Micrographs 6: 1–292.
Lange-Bertalot, H. & Metzeltin, D. (1996) Ecology-Diversity-Taxonomy. Indicators of oligotrophy - 800 taxa representative of three 

ecologically distinct lake types. In: Lange-Bertalot, H. (Ed.) Iconographia Diatomologica, Annotated Diatom Micrographs 2: 1–
390.

Lange-Bertalot, H. Cavacini, P., Tagliaventi, N. & Alfinito, S. (2003) Diatoms of Sardinia. In: Lange-Bertalot, H. (Ed.) Iconographia 
Diatomologica, Annotated Diatom Micrographs 12: 1–438.

Lange-Bertalot, H., Bak, M., Witkowski, A. & Tagliaventi, N. (2011) Eunotia and some related genera. Diatoms of the European Inland 
Waters and Comparable Habitats 6: 1–747.

Lange-Bertalot, H., Külbs, K., Lauser, T., Nörpel-Schempp, M. & Willmann, M. (1996) Diatom taxa introduced by Georg Krasske. 
Documentation and revision. In: Lange-Bertalot, H. (Ed.) Iconographia Diatomologica, Annotated Diatom Micrographs 3: 2–358, 
incl. 71 pls., numerous unnumbered figs. from Krasske’s publications.

Ledger, M.E., Harris, R.M., Armitage, P.D. & Milner, A.M. (2008) Disturbance frequencies influence patch dynamics in stream benthic 
algal communities. Oecologia 155: 809–819.

	 https://doi.org/10.1007/s00442-007-0950-5
Levkov, Z., Metzeltin, D., Pavlov, A. & Lange-Bertalot, H. (2013) Diatoms of Europe: Diatoms of the European Inland Waters and 

Comparable Habitats. Vol. 7: Luticola and Luticolopsis. Koeltz Botanical Books, Schmitten-Obereifenberg, Germany, 698 pp. 
Levkov, Z., Mitic-Kopanja, D. & Reichardt, E. (2016) Diatoms of Europe: Diatoms of the European Inland Waters and Comparable 

Habitats. Vol. 8: The diatom genus Gomphonema from the Republic of Macedonia. Koeltz Botanical Books, Schmitten-Obereifenberg, 
Germany, 552 pp.

Lowe, R.L., Kociolek, J.P. & Van De Vijver, B. (2013) Two new Orthoseira species (Bacillariophyta) from lava tubes. Phytotaxa 111 (1): 
39–52.

	 https://doi.org/10.11646/phytotaxa.111.1.3
Lowe, R.L., Furey, P.C., Ress, J.A. & Johansen, J.R. (2007) Diatom biodiversity and distribution on wetwalls in Great Smoky Mountains 

National Park. Southeastern Naturalist, Special issue I: 135–152.
	 https://doi.org/10.1656/1528-7092(2007)6[135:DBADOW]2.0.CO;2
Lowe, R.L., Kociolek, J.P., Johansen, J.R., Van de Vijver, B., Lange-Bertalot, H. & Kopalová, K. (2014) Humidophila gen. nov., a new 

genus for a group of diatoms (Bacillariophyta) formerly within the genus Diadesmis: species from Hawai’i, including one new 
species. Diatom Research 29: 351–360.

	 https://doi.org/10.1080/0269249X.2014.889039
Lowe, R.L., Kociolek, J.P., You, Q., Wang, Q. & Stepanek, J. (2017) Diversity of the diatom genus Humidophila in karst areas of Guizhou, 

China. Phytotaxa 305 (4): 269–284.
	 http://dx.doi.org/10.11646/phytotaxa.305.4.3
Lutz, S., Anesio, A.M., Edwards, A. & Benning, L.G. (2015) Microbial diversity on Icelandic glaciers and ice caps. Frontiers in 

Microbiology 6: 307: 2–17.
	 https://doi.org/10.3389/fmicb.2015.00307
Lutz, S., Anesio, A.M., Raiswell, R., Edwards, A., Newton, R.J., Gill, F. & Benning, L.G. (2016) The biogeography of red snow microbiomes 

and their role in melting arctic glaciers. Nature Communications 7: 11968.
	 https://doi.org/10.1038/ncomms11968
Mann, D.G. (1989) The diatom genus Sellaphora: separation from Navicula. British Phycological Journal 24: 1–20, 58 figs, 1 table.
	 https://doi.org/10.1080/00071618900650011
Monnier, O., Ector, L., Rimet, F., Ferréol, M. & Hoffmann, L. (2012) Adlafia langebertalotii sp. nov. (Bacillariophyceae), a new diatom 

from the Grand-Duchy of Luxembourg morphologically similar to A. suchlandtii comb. nov. Nova Hedwigia Beiheft 141: 131–140.
Morales, E.A., Wetzel, C.E., Haworth, E.Y. & Ector, L. (2019) Ending a 175-year taxonomic uncertainty: Description of Staurosirella 

neopinnata sp. nov. (Bacillariophyta) to accommodate Fragilaria pinnata, a highly misconstrued taxon with a purported worldwide 
distribution. Phytotaxa 402 (2): 75–87.

	 https://doi.org/10.11646/phytotaxa.402.2.1
Moser, G., Lange-Bertalot, H. & Metzeltin, D. (1998) Insel der Endemiten Geobotanisches Phänomen Neukaledonien (Island of endemics 

New Caledonia - a geobotanical phenomenon). Bibliotheca Diatomologica 38: 1–464, 101 pls.
Müller, O. (1895) Rhopalodia ein neues Genus der Bacillariaceen. Botanische Jahrbucher fur Systematik, Pflanzengeschichte und 

Pflanzengeographie 22: 54–71, 2 pls.
Nienow, J.A. (1996) Ecology of subaerial algae. Nova Hedwigia, Beihefte 112: 537–552.
O’Meara, E. (1875) Report on the Irish Diatomaceae. Proceedings of the Royal Irish Academy Second series 2 (Science): 235–425. 
	 https://doi.org/10.5962/bhl.title.68743
Pantocsek, J. (1892) Beiträge zur Kenntniss der Fosilen Bacillien Ungarns, Theil 3, Süsswasser Bacillarien. Nagy Tapolcsány, 

https://doi.org/10.1656/1528-7092(2007)6[135:DBADOW]2.0.CO;2


furey et al.206   •   Phytotaxa 428 (3) © 2020 Magnolia Press

Buchdrucherei Julius Platzko, 42 pls.
	 https://doi.org/10.5962/bhl.title.14916
Patrick, R. & Reimer, C. (1966) The diatoms of the United States, Exclusive of Alaska and Hawaii. Monogr. 13. Vol. 1. The Academy of 

Natural Sciences of Philadelphia, Philadelphia, 688 pp.
Patrick, R. & Reimer, C. (1975) The Diatoms of the United States, Exclusive of Alaska and Hawaii. Monogr. 13. Vol. 2. The Academy of 

Natural Sciences of Philadelphia, Philadelphia, 213 pp. 
Pavlov, A. & Levkov, Z. (2013) Observations of the genus Pinnularia section Distantes (Bacillariophyta) from Macedonia: diversity and 

distribution. Contributions: Section of Natural, Mathematical and Biotechnical Sciences, MASA 34 (1–2): 33–57.
	 https://doi.org/10.20903/csnmbs.masa.2013.34.1-2.48
Peragallo, M. (1903) Le Catalogue Général des Diatomées [issued in fascicles at various dates]. Vol. 2. Clermont-Ferrand, pp. 472–973.
Petersen, J.B. (1915) Studier over danske aërofile alger. Kongelige Danske Videnskabernes Selskab Biologiske Skrifter, Syvende Raekke 

Naturvdenskabelig og Mathematisk 12: 272–379, 4 pls.
Petersen, J.B. (1928a) The aerial algae of Iceland. In: Rosenvinge, L.K. & Warming, E. (Eds.) The Botany of Iceland. Vol 2, n. 8, J. 

Frimodt, Copenhagen, pp. 325–447.
Petersen, J.B. (1928b) Alge-Floraen i nogle Jordpr6ver fra Island. Dansk Botanisk Arkiv 5: 1–23.
Pfitzer, E. (1871) Untersuchungen über Bau und Entwicklung der Bacillariaceen (Diatomaceen). Bonn: bei Adolph Marcus, pp. [i]–vi, 

1–189, 6 pls.
Pinseel, E., Kopalová, K. & Van de Vijver, B. (2014) Gomphonema svalbardense sp. nov., a new freshwater diatom species (Bacillariophyta) 

from the Arctic Region. Phytotaxa 170: 250–258.
	 https://doi.org/10.11646/phytotaxa.170.4.2
Pinseel, E., Van de Vijver, B., Kavan, J., Verleyen, E. & Kopalová, K. (2017a) Diversity, ecology and community structure of the freshwater 

littoral diatom flora from Petuniabukta (Spitsbergen). Polar Biology 40 (3): 533–551.
	 https://doi.org/10.1007/s00300-016-1976-0
Pinseel, E., Vanormelingen, P., Hamilton, P.B., Vyverman, W., Van de Vijver, B. & Kopalová, K. (2017) Molecular and morphological 

characterization of the Achnanthidium minutissimum complex (Bacillariophyta) in Petuniabukta (Spitsbergen, High Arctic) including 
the description of A. digitatum sp. nov. European Journal of Phycology 52 (3): 264–280.

	 https://doi.org/10.1080/09670262.2017.1283540
Pla-Rabés, S., Hamilton, P.B., Ballesteros, E., Gavrilo, M., Friedlander, A.M. & Sala, E. (2016) The structure and diversity of freshwater 

diatom assemblages from Franz Josef Land Archipelago: a northern outpost for freshwater diatoms. PeerJ 4: e1705. 
	 https://doi.org/10.7717/peerj.1705
Pointing, S.B., Buedel, B., Convey, P., Gillman, L., Koerner, C., Leuzinger, S. & Vincent, W.F. (2015) Biogeography of photoautotrophs 

in the high polar biome. Frontiers in Plant Science 6: 692.
	 https://doi.org/10.3389/fpls.2015.00692
Postek, M.T., Howard, K.S., Johnson, A.H. & McMichael, K.L. (1980) Scanning electron microscopy. A student’s handbook. Ladd 

Research Industries, Burlington, VT.
Poulíčková, A. & Hašler, P. (2007) Aerophytic diatoms from caves in central Moravia (Czech Republic). Preslia 79 (2): 185–204. 

[http://www.preslia.cz/P072Pou.pdf]
Poulíčková, A., Lysáková, M., Hašler, P. & Leková. (2008) Fishpond sediments - the source of paleoecological information and algal “seed 

banks.” Nova Hedwigia 86: 141–153.
	 https://doi.org/10.1127/0029-5035/2008/0086-0141
Rabenhorst, L. (1848–1860) Die Algen Sachsens. Resp. Mittel-Europa‘s Gesammelt und herausgegeben von Dr. L. Rabenhorst, Dec. 

1–100. No. 1–1000.
Reisser, W. & Houben, P. (2001) Different strategies of aeroterrestrial algae in reacting to increased levels of UV-B and ozone. Nova 

Hedwigia, Beihefte 123: 291–296.
Roldán, M. & Hernández-Mariné, M. (2009) Exploring the secrets of the three-dimensional architecture of phototrophic biofilms in caves. 

International Journal of Speleology 38: 41–53. 
	 https://doi.org/10.5038/1827-806X.38.1.5
Ross, R., Cox, E.J., Karayeva, N.I., Mann, D.G., Paddock, T.B.B., Simonsen, R. & Sims, P.A. (1979) An amended terminology for the 

siliceous components of the diatom cell. Nova Hedwigia, Beihefte 64: 513–533.
Round, F.E., Crawford, R.M. & Mann, D.G. (1990) The Diatoms. Biology and Morphology of the Genera. Cambridge University Press, 

Cambridge, 747 pp.
Rushforth, S.R., Kaczmarska, I. & Johansen, J.B. (1984) The subaerial diatom flora of Thurston Lava Tube, Hawaii. Bacillaria 7: 135–

157.
Schmidt, A. (1876) Atlas der Diatomaceen-kunde. Series I: Heft 11. Aschersleben: Verlag von Ernst Schlegel, pls. 41–44. 



Aerial diatoms from Iceland Phytotaxa 428 (3) © 2020 Magnolia Press   •   207

	 https://doi.org/10.5962/bhl.title.64396
Sims, P.A., Mann, D.G. & Medlin, L.K. (2006) Evolution of the diatoms: insights from fossil, biological and molecular data. Phycologia 

45: 361–402. 
	 https://doi.org/10.2216/05-22.1
Smith, W. (1853) A synopsis of the British Diatomaceae; with remarks on their structure, function and distribution; and instructions for 

collecting and preserving specimens. The plates by Tuffen West. In two volumes. Vol. 1. London: John van Voorst, Paternoster Row, 
pp. [i]–xxxiii, 1–89, pls. I–XXXI.

	 https://doi.org/10.5962/bhl.title.10706
Smith, W. (1857) Notes of an excursion to the Pyrenees in search of Diatomaceae. Annals and Magazine of Natural History, 2nd series 

19: 1–13.
	 https://doi.org/10.1080/00222935708697687
Smith, T. & Manoylov, K.M. (2007) Deformed diatoms from an acid mine drainage site at Friendship Hills National Historical Site, PA. 

Journal of Freshwamaoylovter Ecology 22 (3): 521–527.
	 https://doi.org/10.1080/02705060.2007.9664182
Souffreau, C., Pieter, Verveyen, V., Sabbe, K. & Vyverman, W. (2013) Tolerance of resting cells of freshwater and terrestrial benthic 

diatoms to experimental desiccation and freezing is habitat dependent. Phycologia 52 (3): 246–252.
	 https://doi.org/10.2216/12-087.1
Souffreau, C., Vanomeligen, P., Verveyen, E., Sabbe, K. & Vyverman, W. (2010) Tolerance of benthic diatoms from temperate aquatic and 

terrestrial habitats to experimental desiccation and temperature stress. Phycologia 49: 309–324.
	 https://doi.org/10.2216/09-30.1
Spaulding, S.A. & Kociolek, J.P. (1998) The diatom genus Orthoseira: ultrastructure and morphological variation in two species from 

Madagascar with comments on nomenclature of the genus. Diatom Research 13: 133–147.
		 https://doi.org/10.1080/0269249X.1998.9705439
Spaulding, S.A., McKnight, D.M., Stoermer, E.F. & Doran, P.T. (1997) Diatoms in sediments of perennially ice-covered Lake Hoare, and 

implications for interpreting lake history in the dry valleys region of Antarctica. Journal of Paleolimnology 17: 403–420. 
	 https://doi.org/10.1023/A:1007931329881
Spaulding, S.A. & Stoermer, F.R. (1997) Taxonomy and distribution of the genus Muelleria frenguelli. Diatom Research 12 (1): 95–113.
	 https://doi.org/10.1080/0269249X.1997.9705405
Stancheva, R., Sheath, R.G., Read, B.A., McArthur, K.D., Schroepfer, C., Kociolek, J.P. & Fetscher, A.E. (2013) Nitrogen-fixing 

cyanobacteria (free-living and diatom endosymbionts): their use in southern California stream bioassessment. Hydrobiologia 720: 
111–127.

	 https://doi.org/10.1007/s10750-013-1630-6
Talgatti, D., Wetzel, C.E., Morales, E. & Torgan, L.C. (2014) Transfer of Fragilaria atomus Hust. to the genus Stauroforma (Bacillariophyta) 

based on observation of type and newly collected material. Phytotaxa 158 (1): 43–56.
	 https://doi.org/10.11646/phytotaxa.158.1.3
Thwaites, G.H.K. (1848) Further observations on the Diatomaceae with descriptions of new genera and species. Annals and Magazine of 

Natural History 2nd ser., 1: 161–172.
	 https://doi.org/10.1080/03745485809496091
Van de Vijver, B. & Crawford, R.M. (2014) Orthoseira limnopolarensis sp. nov. (Bacillariophyta), a new diatom species from Livingston 

Island (South Shetland Islands, Antarctica). Cryptogamie, Algologie 35 (3): 245–257.
	 https://doi.org/10.7872/crya.v35.iss3.2014.245
Van de Vijver, B. & Kopalová, K. (2008) Orthoseira gremmenii, a new aerophilic diatom from, Gough Island (southern Atlantic Ocean). 

Cryptogamie, Algologie 29 (2): 105–118.
Van de Vijver, B., Beyens, L. & Lange-Bertalot, H. (2004) The genus Stauroneis in Arctic and (Sub-)Antarctic Regions. Bibliotheca 

Diatomologica 51: 1–317, 109 pls.
Van de Vijver, B., De Haan, M. & Lange-Bertalot, H. (2014) Revision of the genus Eunotia (Bacillariophyta) in the Antarctic Region. 

Plant Ecology and Evolution 147 (2): 256–284.
	 https://doi.org/10.5091/plecevo.2014.930
Van de Vijver, B., Ledeganck, P. & Beyens, L. (2002) Three new species of Diadesmis from soils of Île de la Possession (Crozet Archipelago, 

Subantarctic). Cryptogamie, Algologie 23 (4): 333–341.
Van Heurck, H. (1880) Synopsis des Diatomées de Belgique. Atlas, Planches 1–30. Ducaju & Cie., Anvers.
Van Heurck, H. (1881–1885) Synopsis des Diatomées de Belgique. Atlas. Texte. Ducaju & Cie., Anvers., 235 pp., pls. 31–77.
	 https://doi.org/10.5962/bhl.title.1990
Van Kerckvoorde, A., Trappeniers, K., Nijs, I. & Beyens, L. (2000) The epiphytic diatom assemblages from terrestrial mosses in Zackenberg 



furey et al.208   •   Phytotaxa 428 (3) © 2020 Magnolia Press

(Northeast Greenland). Systematics and Geography of Plants 70 (2): 301–314. [Freshwater Algae: Taxonomy, Biogeography and 
Conservation. National Botanic Garden of Belgium]

	 https://doi.org/10.2307/3668649
Veselá, J. & Johansen, J.R. (2009) The diatom flora of ephemeral headwater streams in the Elbsandsteingebirge region of the Czech 

Republic. Diatom Research 24 (2): 443–477.
	 https://doi.org/10.1080/0269249X.2009.9705813
Werum, M. & Lange-Bertalot, H. (2004) Diatoms in springs from Central Europe and elsewhere under the influence of hydrogeology and 

anthropogenic impacts. In: Lange-Bertalot, H. (Ed.) Iconographia Diatomologica, Annotated Diatom Micrographs 13: 1–417. 
Wetzel, C.E., Ector, L., Van De Vijver, B., Compère, P. & Mann, D.G. (2015) Morphology, typification and critical analysis of some 

ecologically important small naviculoid species (Bacillariophyta). Fottea 15 (2): 203–234.
	 https://doi.org/10.5507/fot.2015.020
Williams, D.M. & Round, F.E. (1987) revision of the genus Fragilaria. Diatom Research 2: 267–288.
	 https://doi.org/10.1080/0269249X.1987.9705004
Woodward, G., Dybkjær, J.B., Ólafsson, J.S. Gíslason, G.M., Hannesdóttir, E.R. & Friberg, N. (2010) Sentinel systems on the razor’s 

edge: Effects of warming on Arctic geothermal stream ecosystems. Global Change Biology 16 (7): 1979–1991.
	 https://doi.org/10.1111/j.1365-2486.2009.02052.x
Zidarova, R., Van de Vijver, B., Quesada, A. & de Haan, M. (2010) Revision of the genus Hantzschia (Bacillariophyceae) on Livingston 

Island (South Shetland Islands, Southern Atlantic Ocean). Plant Ecology and Evolution 143: 318–333.
	 https://doi.org/10.5091/plecevo.2010.402
Zidarova, R., Kopalová, K. & Van de Vijver, B. (2012) The genus Pinnularia (Bacillariophyta) excluding the section Distantes on 

Livingston Island (South Shetland Islands) with the description of twelve new taxa. Phytotaxa 44: 11–37.
	 https://doi.org/10.11646/phytotaxa.44.1.2


