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Abstract. A set of 44 taxa of lichenized fungi and 5 species of lichenicolous fungi was 
gathered in 1984 in the summit area of the mountain Glittertinden, the second highest 
mountain in Scandinavia. The sampled species include several high alpine taxa known 
as members of well-established alpine lichen communities but only few pioneer species 
indicating that the investigated rocks had already been ice-free for a long time. The local 
flora is compared to that reported from Scandinavia’s highest mountain, Galdhøpiggen, by 
the late Gunnar Degelius in the 1940s. With the continuing melting of the local ice cap on 
the summit of Glittertinden, biota will face profoundly changed environmental conditions 
with much additional substrate ready to be colonized in the near future.
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Introduction

Changes in species diversity on mountain tops due 
to global warming is also a topic in Scandinavia, not 
only with emphasis on vascular plants (e.g., Klanderud 
& Birks 2003; Odland et al. 2010; Grindrud 2019), but 
also for lichenized fungi (e.g., Michelsen et al. 2011). 
These changes do not always go into the same direction. 
Whereas vascular plants often profit from raising tem-
peratures affecting the belt close to their upper growth 
limit (e.g., Kullman 2002), less competitive terricolous 
lichens may suffer severely by conditions favoring shrubs, 
grasses and herbs (e.g., Klanderud & Totland 2005, 2008; 
Klanderud 2008; Alatalo et al. 2017; Vanneste et al. 2017). 
Changes in saxicolous communities may take place too, 
although they have rarely been documented so far.

As the summit ice cap of the Glittertind (Note: -en as 
suffix is the definite article in Norwegian, therefore the 
Glittertind or Glittertinden) is melting and a colonization 
of the boulders of the summit blockfield by lichens is likely 
to start in the near future, it may be of interest to document 
which lichen species were already on that mountain top 
at times when the summit ice cap was still prominent and 
the only places where lichens could grow were situated 
in a narrow rim near the upper edge of the N-facing rock 
walls and some low outcrops somewhat W of the summit.

The Scandes and the Jotunheimen area

Mountain Glittertinden is situated in the southern part of 
the Scandinavian Mountains or Scandes, in a mountain 
region named Jotunheimen where the highest summits of 
Norway and even Scandinavia are concentrated (Reusch 
1903; Machaček 1908; Strøm 1948; Lidmar-Bergström 
et al. 2000, 2013; Grabherr et al. 2003; Dierßen 2004; 
Ebert 2009).

Jotunheimen covers an area of approximately 3,500 km2 
and attained its arctic-alpine landscape character with its 
numerous high peaks, plateaus and trough valleys, glaciers 
and permanent snowfields, moraines, screes and block-
fields during the Quaternary, mainly in the Weichselian 
Late Glacial (LG) with the lowering and melting of the 
Fennoscandian ice sheet and a simultaneous uplift of the 
terrain (Vorren & Mangerud 2008; Fredin et al. 2013).

In Norway, there are 3 mountains higher than 
2,400 m and some 20 mountains higher than 2,300 m, all 
of them situated in the wider Jotunheimen area including 
Hurrungane. (The 23 highest mountains in Norway are 
all located in Jotunheimen and Hurrungane). The spec-
tacular landscape of Jotunheimen was first explored to 
some extent by B.M. Keilhau and C.P.B. Boeck as late as 
1820, who approached the mountains from the east side 
(compare Hestmark 2020). The first documented access 
of the summit of Glittertinden dates back to the mid-19th 
century (14 VII 1841 by Harald Nicolai Storm Wergeland 
and Hans Sletten, fide Burchardt 1948).
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For a long time, Glittertinden, situated in the NE of 
Jotunheimen, was regarded as the highest peak in Norway 
and even Scandinavia. However, there is hardly another 
mountain in Europe the height of which has been cor-
rected so often. The reason is the peculiar geomorphology 
of the summit, namely the presence of an ice cap. Early 
measurements of the mountain’s height were made on the 
top of this ice cap and varied with the thickness of the ice. 
Since the second half of the 20th century with the onset 
of more rapid global warming, the ice cap became con-
siderably thinner over the years by partial melting in the 
summer months and the height was corrected in a number 
of steps. In various historical encyclopedias and maps, the 
author noticed summit heights starting from 2,481 m (e.g., 
Jotunheimen 1: 250 000, Kristiania 1917), to 2,474, 2,472, 
2,470 (e.g., Jotunheimen 1: 250 000, ?Oslo 1951/1960), 
2,465, 2,464, and 2,460 m s. m. Apart from changes in 
reference heights, these changes are mainly caused by the 
ongoing thinning of the ice cap on the summit. Currently, 
the ice cap on the Glittertind has almost completely melted 
and the most recent and final height correction was made 
to 2,452 m elev., which is the elevation of the highest point 
of rock beneath resp. at the upper = northern edge of the 
summit glacier cap, measured by L.M. Andreassen and 
coworkers in 2020 (see Noreng Trøn & Lusæter 2020; 
Melvold & Andreassen 2021). This measurement makes 
Glittertinden the second highest mountain in Norway 
(in Scandinavia) behind Galdhøpiggen (2,469 m), a moun-
tain situated some 13 km WSW on the opposite western 
side of Visdalen (e.g., http://www.nfo2000m.no/). Inter-
estingly, Jørgensen (1932) had already given the height 
of Glittertinden with “modern” 2,451 m s. m., a figure 
he had received from Norges Geografiske Opmåling who 
was preparing new maps for the area.

Geomorphology of the upper part of 
Glittertinden and our study sites

The shape of the mountain is characterized by gently 
to moderately inclined south-eastern and south-west-
ern slopes. The southern slope of Glittertinden, equally 
moderately inclined in the uppermost part, is getting 
abruptly steeper further down (ice-free, but with long 
lying snow fields) and shows there the shape of a small 
cirque descending towards the Steinbuvatnet cirque lakes. 
The northern slope of Glittertinden descending towards 
the two tongues of the Grotbreen glacier (recently also 
spelled Grotbrean) is extremely steep, partly even vertical. 
The summit of Glittertinden is connected to a somewhat 
lower ridge with a slight incline orientated W to E (Fig. 1).

An ice cap, gently inclined on all sides except the 
very steep north side, covers the summit area (Fig. 2). Its 
shape is fairly asymmetric, larger on the E-side, due to 
frequent local snow transported by westerly winds. The 
formation of such an ice- or firn cap needs two precon-
ditions: gentle uppermost slopes (“rounded summits”) 
and an elevation high enough to be above the climatic 
snowline. This summit type is known to occur both in 
the Scandes in Southern Norway and the European Alps 
with Mt. Blanc being the most prominent example (Man-
ley 1955). Ice- or firn-caps on lower summits may have 
existed during the Last Glacial Maximum (LGM) and 
the early, but they have already melted off either during 
the Bølling–Allerød interstadial or in the early Holocene 
when temperatures rose rather abruptly to almost recent 
levels (Mangerud et al. 2016; Naughton et al. 2023). 

Below the ice the summit area, the little inclined 
ridge towards the W and the uppermost part of the mark-
edly inclined ridge towards the E are covered, as far as 

Figure 1. Glittertind: Rock walls exposed to the N and summit from the west in the background; in the far back the connection between Gråsub-
reen and Grotbreen at that time still prominent. Photo taken from approximately the place where the trail coming up from Steindalen reaches the 
rim and the summit becomes visible for the first time (photo J. Hafellner, 23 VIII 1984).

http://www.nfo2000m.no/
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discernable at the edge of the ice cap, by an autochtho-
nous blockfield (Nesje et al. 1988; Nesje & Dahl 1990; 
Winkler et al. 2021; Matthews & Nesje 2023). In 1984, 
this blockfield was still mostly buried and preserved by 
the cold-based ice cap (Fig. 2). In recent years, the ice cap 
diminished considerably both in size and thickness (e.g., 
Melvold & Andreassen 2021). Blockfields on summits and 
ridges at high elevation are regarded to be indicators of 
periglacial conditions during the period of their forma-
tion and the lack of displacement in the time after (Rea 
2013; Ballantyne 2018; Winkler et al. 2021). They are the 
product of weathering of bedrock and frost sorting under 
cold conditions during the Quaternary leaving a regolith 
cover (Ballantyne 2010).

On the other hand, the summit area lacks other glacial 
landforms (Sollid & Sørbel 1994) including those taken 
as indicators of the presence of moving glacier ice in the 
past, such as polished rock surfaces or rock striae (also own 
observations in the field). These landscape features fit the 
hypothesis that, during the LGM, eastern Jotunheimen with 
the Gittertind was situated close to the ice divide, a zone 
with little ice movement (Vorren & Mangrud 2008).

Similar to other high mountains in Jotunheimen, the 
Glittertind down to approximately 2,000 m s. m. is in 
the zone of continuous mountain permafrost (King 1983, 
1986; Harris & Cook 1986; Ødegård et al. 1988, 1992, 
1999; King & Åkerman 1993; Etzelmüller et al. 1998, 
2001a, b, 2003; Isaksen et al. 2002; Hauck et al. 2004; 
Etzelmüller & Hagen 2005; Gisnås 2011; Gisnås et al. 
2013, 2017; Westermann et al. 2013; Hipp et al. 2014; 
Winkler et al. 2021; Hallang et al. 2022a, b; Czekirda 
et al. 2023), probably permanently present throughout the 
Holocene (Lilleøren et al. 2012). The N-facing rockwall is 
likely to be in the zone of continuous permafrost down to 
significantly less than 2,000 m elev. (Magnin et al. 2019).

Etzelmüller & Frauenfelder (2009) discuss in some 
detail the relation between precipitation (continentality), 
temperature, glacier equilibrium line altitude (ELA), and 
permafrost: the lower the annual precipitation (higher con-
tinentality) the colder (higher elevation) a site must be in 
order to reach the ELA. This means for southern Norway, 
that at a mean annual precipitation (MAP) of approx-
imately 1,000 mm (as in the Glittertind area, compare 
Grindrud 2019) the mean annual air temperature (MAAT) 
must be approximately –6°C or lower/colder (i.e., in the 
belt of continuous mountain permafrost) to reach ELA.

However, ongoing degradation of mountain perma-
frost, namely at its lower limits in response to rising air 
and ground temperatures, is also observed in southern 
Norway (Isaksen et al. 2007, 2011; Hovden 2022) and 
will possibly affect also the summit of Glittertinden in the 
future if warming continues as expected (Hanssen-Bauer 
et al. 2015, 2017).

During the LGM, the Jotunheimen mountains were 
buried beneath an ice sheet that rose to a height of approx-
imately 2,000 m above sea level (Nesje et al. 1988, 1994; 
Nesje & Dahl 1990). Summits above this height may have 
protruded as nunataks (Wilson 2009), but may have been 
covered by individual cold based ice caps depending on 
the geomorphology and indicated by the preservation of 
autochthonous blockfields. Therefore, also the mountain 
top of Glittertinden can be assumed to be situated above 
the LG ice sheet. At least the upper part of the steep 
northern rock wall is likely to have been ice-free since for 
a long time and has probably been a nunatak at least since 
the Weichselian LG, whereas the summit itself due to its 
geomorphological features may have been buried under 
a local ice cap. Goehring et al. (2008) had already pub-
lished rock exposure data for Blåhø (1,617 m elev.) NE 
of Jotunheimen discussed the vertical extend of the LGM 

Figure 2. Glittertind in summer 1984: strongly asymmetric summit with gentle western and southern slope, a very steep N-facing rock wall, and 
the author after the collecting stop on the summit and now heading towards Visdalen. The lichens reported here have been collected on outcrops 
on the upper rim of the rock wall. Note the partly ice-free blockfield in the foreground. (photo A. Ochsenhofer, 23 VIII 1984).
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Fennoscandian Ice Sheet (FIS) and the indicator value of 
blockfields. For the mountains not far N of Jotunheimen, 
it was shown that blockfield formation at high elevation 
has been favored by severe periglacial conditions during 
a LG stadial some 19 ka b. p. (Marr et al. 2018). 

Geology of Jotunheimen

An important part of the Scandes belongs geologically 
to the Caledonides, an orogen formed out of Proterozoic/
Precambrian material during the Caledonian folding (e.g., 
McKerrow et al. 2000; Fossen et al. 2008). The major 
part of this orogenesis which took place in a number 
of widely scattered more or less simultaneous collision 
events during the Palaeozoic period. The plates taking 
part in this orogenesis are now situated in the Northern 
Hemisphere, namely in the Holarctic region and constitute 
an important part of the present time boreal mountain 
region (Nagy & Grabherr 2009).

The geological history of the Caledonides in Norway 
during the Palaeozoic period is characterized by long 
periods of ultrahigh-pressure metamorphism and three 
partly overlapping phases of subduction directed towards 
the W (e.g., Andersen 1998; Corfu et al. 2014) and con-
nected to a nappe formation. One of these is a Precambrian 
basement nappe complex of largely magmatic rocks of 
mafic to felsic composition, the ‘Jotun Nappe Complex’ 
(Kruse & Stünitz 1999; Lundmark et al. 2007). 

The uplift of these bedrocks to the mountains of Jotun-
heimen is however a geologically young event, probably 
two-phased during the Cenozoic (Lidmar-Bergström et al. 
2000, 2013; Lidmar-Bergström & Näslund 2002; Vor-
ren & Mangerud 2008; Vorren et al. 2008). Therefore, 
Glittertinden can be called a mountain of old rocks with 
young shape.

In the area E of Visdalen (with Glittertinden), W of 
Visdalen (with Galdhöpiggen) and N of the Tyin-Gjende 
Fault (approximate position indicated by Gjende Lake) 
the dominating rock types are pyroxene gneisses with 
lenses of ultramafites (Battey & McRitchie 1973, 1975; 
Piper & Poppleton 1990). The geological map of the area 
offered at the web site of NGU (https://geo.ngu.no/kart/
berggrunn_mobil/) shows that the summit area of Glitter-
tinden is situated within a polygon with the signature of 
orthopyroxene-gneiss with some ultramafic lenses nearby. 
The substrate of our saxicolous samples is of these hard, 
dense rock types.

Climatical conditions on the summit of 
Glittertinden

There is no meteorological station on the summit of Glit-
tertinden. Therefore, the climatological data circumscrib-
ing roughly the ecological conditions with which biota 
have to cope there must be extrapolated from measure-
ments nearby or other data serving as proxies. A summary 
of the climate with its regional variations in Jotunheimen 
has recently been presented by Winkler et al. (2021). 
A sketch of the climate in the Galdhöpiggen area is given 
by Matthews et al. (2018). The closest meteorological 

station is on Juvvasshøe (1894 m elev.), operating since 
1999 and situated ~10.3 km WNW of Glittertinden. 

According to data presented by Winkler et al. (2021) 
on Juvvasshøe, the calculated mean of the mean annual 
air temperature (MAAT) for the normal period 1960–1990 
is −4.6°C.

Green & Harding (1980) dealt with the altitudinal 
gradients of air temperature in southern Norway. If the 
diagram for MAAT variation with elevation in SW Norway 
published there, which ends at approximately 2,000 m elev., 
is extrapolated – under the premise of a linear decrease – 
MAAT at 2,450 m (i.e., on the summit of Glittertinden) 
should be about −8°C. This is fairly in accordance with 
another dataset. Ødegård et al. (1992) estimated for Juvflye 
(a NE exposed slope S of Juvvasshøe) the MAAT to be 
−2.6°C at 1500 m and −6.4°C at 2,200 m a. elev. If the 
calculated temperature lapse rate of ~0.6°C per 100 m 
rise in elevation is applied to the Glittertind area nearby, 
a MAAT of about −7.9°C can be suggested at 2,450 m 
(i.e., the height on the summit of Glittertinden).

The temperatures during the growing season are also 
of interest. Manley (1955) estimated that MATJJAS on 
summit level in NE Jotunheimen is approximately −2°C. 
On Juvvasshøe, the calculated mean of MATJul for the 
normal period 1960–1990 is 3.9°C. From calculations 
presented by Odland (2009), MATJul for Jotunheimen at 
2,450 m elev. can be extrapolated. It should have been 
about 1.3°C in this period. Since 1990, also in Jotunhei-
men, a continuous trend of warming is observed, accu-
mulating in the meanwhile to >1°C warmer seasonal and 
annual temperatures (Grindrud 2019).

The second climatological key factor is precipitation 
which shows a strong west–east gradient across south-
ern Norway lowering towards the E. On the mountain 
Fannaråki (2,062 m elev., ~38 km SW of Glittertinden), 
the mean annual precipitation (MAP) for the normal 
period 1960–1990 is 1,200 mm (Winkler et al. 2021). In 
NE Jotunheimen at higher elevations, it should be about 
800–1000 mm (e.g., Østrem et al. 1988). Above 1,300 m 
practically all winter precipitation falls as snow (e.g., 
Dyrrdal 2010; Isaksen et al. 2011). Snow depth on local 
scale varies by elevation, wind and land surface, and has 
therefore a strong influence on the temperature-precipi-
tation equilibrium-line altitude (Lie et al. 2003). In the 
last decades on the summit of Glittertinden, summer tem-
peratures (amount of snow melt) were too high or winter 
precipitation was too low (amount of snow accumulation) 
for an equilibrium explaining the thinning of the ice cap. 
Anyway, on the summit of Glittertinden biota have to 
cope with harsh environmental conditions.

Vascular plants at high altitudes of 
Glittertinden and on other high summits in 
Jotunheimen – observed changes in time of 
global warming

The nomenclature of altitudinal belts in Scandinavia 
differs from that in Central Europe (Dahl 1986). What 
is called the “nival belt” – its lower limit is approxi-
mately the snowline – together with its subnival ecotone 

https://geo.ngu.no/kart/berggrunn_mobil/
https://geo.ngu.no/kart/berggrunn_mobil/
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in the European Alps (e.g., Braun-Blanquet 1954; Reisigl 
& Pitschmann 1958), in Scandinavia is called “high-al-
pine belt” (e.g., Du Rietz 1925; Nordhagen 1943), with 
“upper oroarctic zone” as a synonym (Ahti et al. 1968; 
Dahl 1975). This belt is the zone where consolidated 
plant communities disappear, vascular plants may occur 
as more or less open mosaics or isolated individuals up to 
their ecophysiological limit and cryptogams dominate at 
least in number of species. In northeastern Jotunheimen 
the lower limit of the high-alpine belt is drawn at 1,600–
1,800 m a.s.l., depending on the slope exposure (Matthews 
et al. 2018). Cold-adapted vascular plant species referred 
to the high-alpine element, such as Ranunculus glacialis, 
Campanula uniflora, Erigeron uniflorus, Sagina nivalis, 
Luzula arctica, or Poa flexuosa are limited by maximum 
summer temperatures of +22°C or lower (Dahl 1998).

So far there are no vascular plants growing on the 
summit of Glittertinden. The mountain is apparently too 
high and vascular plants have not managed to grow under 
environmental conditions prevalent on the summit.

A sound basis for our knowledge about the diversity of 
vascular plants and their horizontal and altitudinal distri-
bution on Glittertinden and other mountains in Jotunhei-
men has been laid by Jørgensen (1932). Jørgensen climbed 
Glittertinden in summer 1931 and noted the local diversity 
of vascular plants along a transect with 20 localities with 
an altitudinal range of 1,500–2,120 m s. m. He reported 
2 species of flowering plants (Ranunculus glacialis, syn. 
Beckwithia glacialis and Poa laxa [ssp. flexuosa], syn. 
Poa flexuosa) from 2,100–2,120 m elev. and an addi-
tional two species (Luzula confusa, Salix herbacea) from 
an altitudinal range between 2,000 and 2,060 m elev. 
Comparable fieldwork has been performed twice in more 
recent times in order to document possible changes in 
presence and range shifts. Both Klanderud (2000) and 
Grindrud (2019) documented the changes on 23 summits 
including Glittertinden in Jotunheimen since Jørgensen’s 
baseline study. After the first restudy, Klanderud & Birks 
(2003) interpreted the data accumulated by Klanderud 
(2000) and concluded, that for cold-adapted species an 
increasing abundance at higher elevation, but not a sub-
stantial upwards migration or enrichment of the flora at 
its uppermost limit could be documented. On occasion of 
the second restudy, Grindrud (2019) has documented only 
the presence of Ranunculus glacialis above of 2,100 m 
s. m., whereas in the range 2,001 to 2,100 m s. m. he 
additionally found Poa flexuosa, Luzula confusa, Salix 
herbacea, Trisetum spicatum, Gnaphalium supinum (syn. 
Omalotheca supina), and Saxifraga tenuis. In the mean-
while, Ranunculus glacialis was able to establish first 
individuals far up on the eastern ridge at approximately 
2,300 m s. m documented by A. Breili in 2021 (https://
artskart.artsdatabanken.no).

Odland & Birks (1999) interpret some of Jørgensen’s 
distributional data accumulated in 1930–1931 (Jørgensen 
1932). As Jørgensen’s highest records of 5 species of 
vascular plants were from above of 2,300 m on the upper 
slopes of Galdhøpiggen, they calculate a “climatic vascu-
lar plant limit” in Jotunheimen corresponding to a mean 
July temperature of ~2.2°C in that area of the southern 

Scandes. And, based on a record of Ranunculus glacialis, 
the vascular plant limit in Jotunheimen is seen at 2,370 m 
elev. (Birks 2021).

Previous lichenological research in 
Jotunheimen

More intensive lichenological field work in Jotunheimen 
apparently started relatively late, in the first half of the 20th 
century. Other than the at that time already well studied 
Dovre(fjell) (N of Jotunheimen), the “Lichen flora of 
Norway” (Lynge 1921) still reports only a single spe-
cies for Jotunheimen (Stereocaulon paschale). The first 
important lichen collections from high grounds in the area 
were those by the botanist R. Jørgensen, who had climbed 
a number of mountains in Jotunheimen investigating the 
altitudinal distribution of vascular plants and other biota.

There is no indication that apart from the author other 
people have collected lichens on the summit of Glitter-
tinden. However, there is evidence that the Glittertinden 
massif (but not the summit) has been visited by other 
lichenologists in the past, although traces in the licheno-
logical literature are few. Evidently, Rolf Santesson has 
studied the lichen flora on the eastern slopes of Glitter-
tinden in 1963. One of his collections, a specimen of 
Polysporina subfuscescens originating from boulders in 
a moraine of Gråsubreen (1950 m s. m.) was reported by 
Knudsen & Kocourkova (2008). Some other specimens 
can be traced in NLD2 database (https://nhm2.uio.no/bot-
anisk/nxd/lav/nld_e.htm) and the herbarium databases of 
the Museum of Evolution, Uppsala University (http://web-
dev.its.uu.se/evomus/botanik/home.php). Furthermore, R. 
Santesson determined the following six lichen species 
which had established on a boulder buried in ice of an 
ice-cored moraine in front of Gråsubreen: Umbilicaria 
hyperborea, Pseudephebe pubecens Tremolecia atrata, 
Rhizocarpon geographicum, Rhizocarpon badioatrum, 
and Porpidia melinodes (Østrem 1965). From the same 
boulder the moss Andreaea blytii was sampled and used 
for 14C dating giving an age of 720 ± 170 C years.

Our own previously published records from Glitter-
tinden were limited to the lichenicolous taxa Carbonea 
aggregantula (host: Lecanora polytropa) and Nigropuncta 
rugulosa (host: Bellemerea cinereorufescens) (Hafellner 
1993), as well as Endococcus verrucosus (host: Aspicilia 
grisea) (Hafellner 1994). Furthermore, Kukwa (2011) 
has recorded Ochrolechia frigida based on one of our 
collections from the summit.

The NLD2 database currently contains only 3 data-
sets referring to high-altitude localities on Glittertinden 
including duplicates of two specimens listed below: 

Carbonea vorticosa: Hafellner 14615 (O-L-99506).
Lecidea lapicida: Hafellner 14463, confirm. R. Hau-

gan, 2011 (O-L-18119).
Umbilicaria proboscidea: Glittertind, [UTM(WGS84): 

MP 754-783 352-354 (M711: 1618 III)], Alt.: ~2,200 m, 
Naken steinblokk nær snøen, 1969.07.10, Høiland, K. 
(O-L-33123).

Some further datasets can be extracted for the digitized 
herbarium holdings of the Museum of Evolution, Uppsala 

https://artskart.artsdatabanken.no
https://artskart.artsdatabanken.no
https://nhm2.uio.no/botanisk/nxd/lav/nld_e.htm
https://nhm2.uio.no/botanisk/nxd/lav/nld_e.htm
http://webdev.its.uu.se/evomus/botanik/home.php
http://webdev.its.uu.se/evomus/botanik/home.php
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University altogether about 10 specimens, most of them 
collected by the late R. Santesson in 1963 on the SE slopes 
in the area surrounding the glacier Gråsubreen and one 
duplicate of one of our own collections from the summit 
(Nigropuncta rugulosa on Bellemerea cinereorufescens 
[Note: The host was not indicated on this duplicate]).

A search in GBIF database (https://www.gbif.org) with 
term “Glittertind” among occurrences brings up a list of 
347 entries, the majority (~300) refer to vascular plants, 
but also 25 fungal species with the majority lichenized. 
Most of the specimens traced in various herbaria partic-
ipating in GBIF originate from localities on the slopes of 
Glittertinden. Those from the summit refer to duplicates 
the author sent to UPS several years ago.

Jørgensen, who had climbed Glittertinden and had 
documented the altitudinal distribution of vascular plants 
on that mountain (Jørgensen 1932, see above), did not 
record any lichens from one of the localities he studied 
on the way up to the summit of Glittertinden.

The summit of Norway’s highest mountain, Gald-
høpiggen, has been visited at least three times by bota-
nists collecting lichens (1931 by R. Jørgensen, 1947 by 
G. Degelius, 2012 by R. Haugan). R. Jørgensen got the 
lichens that he had collected on the summit of Galdhøpig-
gen determined by Lynge, who identified altogether 13 
species among the material. An additional four species 
were recorded from sites in an altitudinal range between 
2,300 and 2,400 m. Jørgensen (1932: 122–123) published 
all these data in his monograph of the altitudinal limits 
of plant life in Jotunheimen. Degelius (1948) combined 
Jørgensen’s data with the results of his own collections 
into a list of 38 species including two lecideoid lichens 
described as new by H. Magnusson (Lecidea altissima, 
L. ludificans; see also table 1, right column). The types of 
these two species have among others been restudied by 
Jørgensen & Nordin (2009). The authors confirmed them 
as distinct species. With the generic concepts of today, 
Lecidea ludificans should be kept in Lecidea, whereas 
Lecidea altissima constitutes a species of Miriquidica 
(compare Haugan et al. 2013) and not of the Lecidea 
elata-group as supposed by Jørgensen & Nordin (2009). 
In recent times (2012), R. Haugan has revisited the type 
locality and he confirmed that Miriquidica altissima is still 
present on the summit of Galdhøpiggen (see Amundsen 
2014, NLD2). Some Rhizocarpon species from Gald-
høpiggen have been reported partly under synonyms by 
Runemark (1956), including three taxa from the summit 
area (Rhizocarpon geographicum ssp. diabasicum, R. nor-
vegicum, and R. inarense).

Apart from the altitudinal distribution data of lichens 
on Galdhøpiggen, Jørgensen (1932) reports some lichens 
from other summits in Jotunheimen with elevations 
exceeding 2,000 m, e.g., Alectoria ochroleuca, Umbil-
icaria rigida and Stereocaulon denudatum from Besshø 
(2,257 m), Umbilicaria rigida, Pseudephebe pubescens 
and Solorina saccata from Knutshulstind (2,200 m), and 
Umbilicaria vellea from Svartdalspiggen (2,143 m). 

The most thorough investigation on the saxicolous 
lichens of southern Norway including some lower sum-
mits and ridges of mid elevation (all below 1,900 m) 

in Jotunheimen is the community-approach by Creveld 
(1981). Other lichenological contributions from sites at 
elevations below 2,000 m came from Østhagen (1975) 
and Clauzade & Roux (1975). Hestmark et al. (2004a, b, 
2005, 2007) performed population studies on some mac-
rolichens in mid-elevated glacier forefields in the same 
area. Lichenologial data for high grounds in Jotunheimen 
are also included in vegetation surveys. The most impor-
tant and one including numerous lichen records is the 
monographic treatment of Nordhagen (1943). Extensive 
fieldwork has also been performed in the surroundings of 
Juvasshytta (N of Galdhøpiggen). Data of the recorded 
species in that area are accessible via the Norwegian 
Lichen Database 2.

Some scattered records of lichens can be traced in 
studies of the succession in the vegetation established 
in glacier forefields (e.g., Matthews 1979a, b; Foskett 
1998), but most of these records are likely to exist only 
as names in vegetation surveys and it will be difficult to 
find specimens in the event that a confirmation of one of 
the mentioned species would be desirable.

Furthermore, there are a number of studies from Jotun-
heimen in which the exposure age of rock surfaces was 
estimated by use of lichenometric data. As in other parts 
of the world, lichenometry turned out to be useful for 
dating events that happened not too long ago. Therefore, 
lichenometry was mainly applied to boulders in moraines 
deposited in the youngest Holocene, e.g., in Little Ice Age 
(LIA) moraines, but also as a control test for other relative 
dating methods (e.g., Matthews 1973, 1974, 1975, 1977; 
Ballantyne & Matthews 1982; Erikstad & Sollid 1986; 
Cook-Talbot 1991; McEwen et al. 2020). 

A search in the NLD2 database with the locality term 
“Jotunheimen” brings up about 120 hits/specimens of 
about 50 species, most of them from localities at lower 
altitudes and only about two dozen hits/specimens (of less 
than 20 species) from sites above 2,000 m elev. several 
of these from the summit area of Galdhöpiggen (Tab. 1).

Furthermore, it is worth mentioning that several arc-
tic-alpine lichen species reported from high mountains 
in Jotunheimen are included in the last version of the 
Norwegian Red List. They are regarded as being trapped 
on high summits and hardly have the possibility to dis-
perse to other ecosystems, hence are endangered due to 
strict niche limitations (Haugan et al. 2021). For instance, 
Miriquidica altissima and Lecanora orbicularis turn up 
in the Red List database (https://artsdatabanken.no/lister/
rodlisteforarter/2021/). An earlier record from the W-side 
of Glittertinden at about 1,950 m s. m. is founded on one 
of the author’s collections (Hafellner 12503 in GZU) 
gathered in 1984 during our ascent to the summit.

Lichenological research on high mountains 
in Norway with special emphasis on 
mountain groups in the surroundings of 
Jotunheimen

The knowledge about lichen diversity on other high 
mountains in Southern Norway is quite different among 
the mountain groups. For a first overview, Fries (1871, 

https://www.gbif.org
https://artsdatabanken.no/lister/rodlisteforarter/2021/
https://artsdatabanken.no/lister/rodlisteforarter/2021/
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1874) and Lynge (1921) can be consulted. More modern 
floras (e.g., Krog et al. 1994) do not contain sufficiently 
precise data. 

For a comparison with the local lichen floras found 
on the high peaks in Jotunheimen, we concentrate on 
mountain systems in the surroundings of Jotunheimen, 
namely the mountain-groups Dovre(fjell), Rondane and 
Hardangervidda.

Dovrefjell is a mountain-group N of Jotunheimen 
(partly in prov. Møre og Romsdal, Innlandet, Trøndelag) 
with Snøhetta (2286 m elev.) being the highest moun-
tain of Norway outside Jotunheimen. As a curiosity, it is 
worth mentioning that for some time in the past due to 
its subjective height difference to its foreland because of 
its more isolated position Snøhetta was regarded to be 
the highest mountain of Norway. There are many species 
records for the Dovre(fjell) group in the classical treat-
ment of the Nordic lichen flora by Fries (1871, 1874), 
but most lacking more precise data. For the summit of 
Snøhetta, visited at least twice by lichenologists, a local 
lichen flora can be compiled. In 1925 on occasion of an 
excursion across Scandinavia, this peak was visited by 
the Swiss lichenologist E. Frey, who reported 27 taxa 
occurring up to the mountain top, including the saxi-
colous Umbilicaria virginis, U. cylindrica with 2 vari-
eties, U. cf. vellea, U. hyperborea, U. nylanderiana, 
U. proboscidea, U. rigida, U. decussata, U. torrefacta, 
Melanelia stygia, Pseudephebe pubescens, Brodoa cf. 
oroarctica, Ophioparma ventosa, Sporastatia polyspora, 
S. testudinea, Lecanora polytropa, Rhizocarpon alpicola, 
R. badioatrum, R. geographicum, Lecidea auriculata, 
L. lapicida, and L. lapicida var. pantherina (Frey 1927). 
Additional species were reported from lower elevations. 
The macrolichens of the area were studied in detail by 
Schei (1984), who had also climbed Snøhetta where she 
collected in the summit area (her locality 27) 19 species, 
including the saxicolous Melanelia commixta, M. hepa-
tizon, Brodoa oroarctica, Allantoparmelia alpicola, Par-
melia omphalodes, P. saxatilis, Pseudephebe minuscula, 
P. pubescens, Sphaerophorus globosus, Umbilicaria 
arctica, U. cylindrica, U. hyperborea, U. proboscidea, 
U. rigida, and U. torrefacta. Another early lichenological 
contribution listing a number of alpine species exclusively 
for Dovrefjell is authored by Vrang (1934), but local-
ity information is missing. More data on lichen species 
recorded from Snøhetta are accessible via the Norwegian 
Lichen Database 2. And it was in the Dovrefjell area, 
where the effect of rising temperatures on high altitude 
ground vegetation was thoroughly investigated first in 
Norway (Michelsen et al. 2009; Vanneste 2016; Vanneste 
et al. 2017). 

Rondane is a mountain group situated NE of Jotun-
heimen (prov. Oppland and Hedmark, now Innlandet) 
with Rondslottet (2,178 m elev.) being the highest sum-
mit. Dahl (1956) lists records of a greater number of 
lichen species, predominantly macrolichens, from above 
2,000 m s. m. in Rondane, including a few restricted to 
the high-alpine belt (e.g., Umbilicaria virginis).

Hardangervidda is a medium high plateau S of Jotun-
heimen (Hordaland, now Vestland) of which Sandfloegga 

(1,721 m elev.) rises as the highest mountain. An excel-
lent baseline study for Hårteigen, another summit rising 
from Hardangervidda plateau, was published by Havaas 
(1928). Unfortunately, only the vascular plant flora has 
been reinvestigated by Odland (2012). Hertel (1975) stud-
ied the alpine lichen flora in the surroundings of Finse 
at the northern edge of Hardangervidda including some 
mid-elevation mountain tops of which only the most inter-
esting findings have been included in the cited publica-
tion. Further lichenological contributions from the plateau 
came from Havaas (1903), Frey (1927), and Sparrius et al. 
(2007). Sparrius et al. (2006) recorded numerous species 
from some mid-elevated mountain summits scattered over 
Southern Norway.

Data on the presence or regional distribution of lichens 
on mountain regions in southern Norway are occasion-
ally included in monographic vegetation surveys beyond 
a regional scope (e.g., Gjaerevoll 1956) and of course, 
scattered records can be traced in the taxonomic litera-
ture (e.g., Runemark 1956; Timdal 1983, 1984; Tøns-
berg 1992) and floristic contributions (e.g., Timdal 1982, 
1992; Haugan 1990). But this gets out of the scope of 
this introduction.

Material and methods
Field work

In late summer 1984, we had approached the mountain top 
of Glittertinden in a lengthy one-day hike from the west 
side starting from our base camp close to Spiterstulen in 
Visdalen. At that time, the summit of Glittertinden was 
still covered by an ice cap approximately 10–15 m thick 
(Fig. 1, 2) and for collecting equipment for ice mountain-
eering (rope, crampons, ice axe, ice screws) was necessary 
to be able to safely reach the upper rim of the subvertical 
rock walls on the north side.

The author sampled the local lichen flora at two sites. 
Locality 1 was situated on the upper edge of the rock falls 
exposed to the north towards the upper end of Grotbreen 
at the lower N edge of the ice cap directly below the 
highest point of the ice cap at that time. The searchable 
surface area was only a few square meters. The time spent 
collecting was approximately one hour, which should give 
an impression of how complete the sampled set of species 
might be. Locality 2 was a low elongated outcrop and 
some large boulders nearby, situated on the gently inclined 
ridge W of the summit, which in summer 1984 was found 
partly by a thin layer of snow from last winter. The time 
spent for collecting was approximately half an hour.

The investigated localities (Text as given on the labels, 
but translated from the original German); [added and/or 
corrected data in square brackets]

Norwegen, Oppland [now Innlandet]: Kommune Lom, 
Jotunheimen

1: Summit of Glittertind, inaccessible, N-facing rock 
walls, [61°39′04″N / 08°33′26″E], 2,469 m elev. [vere 
~2,450 m elev.!] a) rock heads, gneiss b) on bryophytes 
and/or plant debris over soil in fissures, 23 VIII 1984, 
leg. J. Hafellner & A. Ochsenhofer
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2: Summit of Glittertind, low outcrops W of the high-
est point on the gently inclined SW-side, [61°39′01″N / 
08°33′09″E], ~2,440 m elev. [vere c. 2420 m elev.!)], on 
boulders and low outcrops (gneiss) with lenses of ultramafic 
rock, 23 VIII 1984, leg. J. Hafellner & A. Ochsenhofer

Laboratory work

In treating the samples, the commonly used procedures 
have been applied. External morphology was studied with 
a dissecting microscope (WILD M3, 6.4–40×). Anatomi-
cal studies of the thallus and the ascomata were carried out 
under the light microscope (Leitz Biomed, 100–1000×). 
Sectioning was performed by hand, but squash prepara-
tions were also used. Amyloid reactions in hymenia were 
observed using Lugol’s reagent (MERCK 9261). Where 
necessary, secondary chemistry of crystallized lichen sub-
stances was investigated by TLC (Culberson & Ammann 
1979). For determining the specimens, mainly the keys 
of Clauzade & Roux (1985), Wirth (1995), Smith et al. 
(2009) and its former editions were used. The nomen-
clature follows the checklist of Fennoscandia (Westberg 
et al. 2021) except some recent changes. Abbreviations 
for institutional herbaria follow Holmgren et al. (1990), 
continued and updated as electronic database hosted at 
New York Botanical Garden (https://sweetgum.nybg.org/
science/ih/).

Specimens of all collected species are deposited in 
GZU (Herbarium of the Institute of Biology, Karl-Fran-
zens-University, Graz).

Results

Altogether 44 taxa (41 species, 3 infraspecific taxa) of 
lichens and 5 species of lichenicolous fungi were sampled 
in two nearby localities, both above 2,400 m elev. in the 
summit area of Glittertinden (Table 1).

On site 1, species dominated which regularly occur in 
alpine silicicolous communities close to climax communi-
ties throughout Europe (Frey 1927; Klement 1955; Crev-
eld 1981). The various lichen species grow in mosaics 
leaving little bare rock in between. Only a few terricolous 
lichens were found probably due to lack of sufficient 
substrate. On site 2, among others, a few species were 
found which indicate a high content of metal ions in the 
siliceous substrate (Purvis & Halls 1996).

The lichen diversity is hence similar to that docu-
mented for Galdhøpiggen (51 lichenized taxa) although 
it can be assumed that fairly different surface areas were 
searched for lichens on both summits. Of the total diver-
sity, about one third of the taxa (25) occur on both sum-
mits and approximately one third were found on only 
one of the summits (19 + 5 lichenicolous fungi on Glit-
tertinden, 26 + 2 lichenicolous fungi on Galdhøpiggen).

Similar to other high mountains in the Holarctic, in 
the nival belt, the overwhelming majority of the species 
is lichenized with coccal green algae (e.g., Scheidegger 
2021) and fertile species dominate.

Discussion

The lichen flora

The relatively high diversity of saxicolous lichen spe-
cies including several taxa regarded as characteristic for 
silicicolous communities close to climax with preference 
for the alpine to nival belt (e.g., Sporastatia testudinea, 
S. polyspora, Bellemerea alpina) on the one hand, and on 
the other hand, according to the author’s field observa-
tions, the rarity of pioneer species at the study sites (e.g., 
rarity of Bellemerea subsorediza, practical lack of juvenile 
thalli of Rhizocarpon geographicum agg. and/or Umbili-
caria spec. on rock surface otherwise bare of lichens, no 
Trapeliaceae) makes it likely that the investigated rock 
surfaces have already been ice-free for a long time.

The match of only about one third of species common 
to both high summits indicates that the accumulated data 
are still fragmentary. An extension of investigations both 
in studied area and spent collection time most likely would 
increase the number of species considerably. Furthermore, 
a stronger inclusion of ultramafic rocks in surveys of 
the local lichen diversity could increase the number of 
recorded species because such rock types show fairly 
different lichen species compositions including several 
chalcophilous and even calcicolous species.

The exposure time of substrate

There are numerous publications dealing with the extent 
of the Fennoscandian Ice Sheet (FIS) at various stages of 
the Pleistocene and also for aspects of the deglaciation 
after the LGM. It would be beyond the scope to discuss 
this subject in detail. However, one aspect is of special 
interest, namely when the high summits of Jotunheimen 
became ice-free, opening herewith the opportunity for the 
establishment of lichens on newly exposed substrate. And 
what happened during the Little Ice Age (LIA) – long 
after the melt-down of the FIS – to the local glaciers?

During the Weichselian LGM, the position of Jotun-
heimen was in or close to the ice culmination zone of 
the FIS and herewith close to the ice divide with lit-
tle ice movement conserving possibly already existing 
autochthonous blockfields (e.g., Hole & Bergersen 1981; 
Mangerud et al. 2011; Patton et al. 2016, 2017). The 
Weichselian FIS covered most of Scandinavia until the 
Younger Dryas stadial (YD), a final cold period marking 
the end of the Weichselian LG (Mangerud et al. 2011). 
Both during the LGM and the YD, Jotunheimen was sit-
uated in a zone of cold based ice (Lane et al. 2020).

During the Weichselian LG, a thin multi-domed ice-
sheet existed in Central Norway, creating large areas of 
LG nunataks and an ice-free plateau (Paus et al. 2006, 
2011, 2015; Patton et al. 2017) already suitable for lichen 
colonization (Dahl 1946). This thin FIS lasted during the 
YD (Dahl et al. 1997). The FIS melted and transformed 
into a net of local glaciers during the early Holocene 
(Preboreal) at the latest, about 10 ka ago (Bjune 2005; 
Stroeven et al. 2016; Hughes et al. 2016; Patton et al. 
2017). During the Holocene climate, the extent of gla-
ciers varied considerably (Matthews & Dresser 2008). 

https://sweetgum.nybg.org/science/ih/
https://sweetgum.nybg.org/science/ih/
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Table 1. Lichen records from the summits of the two highest mountains in Norway. Glittertinden column: this study, recorded taxa in bold; 
Galdhøpiggen column: data from Jørgensen 1932 and Degelius 19481), NLD22), Runemark 19563), only taxa determined to species included, 
NLD2 searched on 21 Apr. 2023
The (5-digit numbers in brackets) are collection numbers of the author. The material is deposited in GZU. Duplicates of some collections marked 
by an asterisk (*) have been sent to herbarium O and/or UPS. Synonyms used by Degelius in (brackets) if different from accepted name.

Taxon Glittertinden Galdhøpiggen 

Alectoria ochroleuca (Hoffm.) A. Massal. – +1), +2)

Allantoparmelia alpicola (Th.Fr.) Essl. 1a (14452) +1) (sub Parmelia a.), +2)

Aspicilia grisea Arnold 1a (14432), 2 (83919) –
Bellemerea alpina (Sommerf.) Clauzade & Cl.Roux 1a (14428) –
Bellemerea cinereorufescens (Ach.) Clauzade & Cl.Roux 1a (14440, under the name of its parasite 

Nigropuncta rugulosa)
–

Bellemerea subsorediza (Lynge) R. Sant. 1a (14442), 2 (14618, 83920) –
Brodoa intestiniformis (Vill.) Goward – +1) (sub Parmelia i.)
Brodoa oroarctica (Krog) Goward 1a (14453) +2)

Bryocaulon divergens (Ach.) Kärnefelt – +1) (sub Cornicularia d.)
Bryonora curvescens (Mudd) Poelt – +2)

Calvitimela armeniaca (DC.) Hafellner 1a (14443) –
Calvitimela melaleuca (Sommerf.) M.P. Andreev – +1) (sub Lecidea arctogena 

f. rubroreagens)
Carbonea vorticosa (Flörke) Hertel 2 (14615*) +1) (sub Lecidea v.)
Cetrariella commixta (Nyl.) A. Thell & Kärnefelt – +1) (sub Cetraria c.)
Foveolaria nivalis (L.) S. Chesnokov et al. 1b (14447) +1) (sub Cetraria n.), +2)

Gowardia nigricans (Ach.) Halonen et al. 1b (14435) –
Japewia tornoensis (Nyl.) Tønsberg 1b (14429) admixture: Pseudephebe pu-

bescens
–

Lecanora formosa (Bagl. & Carestia) Knoph & Leuckert 1a (14439) +2)

Lecanora handelii J. Steiner 2 (83921) –
Lecanora leptacina Sommerf. – +1), +2)

Lecanora polytropa (Ehrh. ex Hoffm.) Rabenh. 1a (14423), 2 (14611) +1)

Lecidea atrobrunnea (Ramond ex Lam. & DC.) Schaer. 2 (14610, 83922) +2)

Lecidea diducens Nyl. – +1) (sub Lecidea auriculata 
var. d.)

Lecidea ecrustacea (Anzi ex Arnold) Arnold – +1) (sub Lecidea lapicida f. e.)
Lecidea lapicida (Ach.) Ach. var. lapicida 1a (14463*, 14464, 14471), 2 (14616) +2)

Lecidea lapicida var. pantherina Ach. 1a (14462, 14468, 14474) –
Lecidea ludificans H. Magn. – +1) (locus classicus!)
Lecidea praenubila Nyl. – +2)

Lecidea promiscens Nyl. 2 (14614) –
Lecidea swartzioidea Nyl. 1a (14458, 14472, 14473) –
Lepraria neglecta (Nyl.) Lettau 1b (14449) –
Melanelia hepatizon (Ach.) A. Thell 1a (14427) –
Miriquidica altissima (H. Magn.) Haugan & Timdal ined. – +1) (sub Lecidea a., locus clas-

sicus!), +2)

Miriquidica lulensis (Hellb.) Hertel & Rambold – +1) (sub Lecidea l.)
Miriquidica garovaglii (Schaer.) Hertel & Rambold 2 (83923) +2)

Miriquidica liljenstroemii (Du Rietz) R. Sant. – +2)

Miriquidica nigroleprosa (Vain.) Hertel & Rambold 1a (14437) –
Ochrolechia frigida (Sw.) Lynge (det. M. Kukwa) 1b (14426) –
Parmelia omphalodes (L.) Ach. 1b (as admixture in specimen of Sphaero-

phorus fragilis)
+1), +2)

Protoparmelia badia (Hoffm.) Hafellner 1a (14438) –
Pseudephebe minuscula (Nyl. ex Arnold) Brodo & D. Hawksw. 2 (83925) +1) (sub Alectoria m.)
Pseudephebe pubescens (L.) M. Choisy 1a (14424, 14445) +1) (sub Alectoria p.), +2)

Psorinia conglomerata (Ach.) Gotth.Schneid. – +2)

Rhizocarpon copelandii (Körb.) Th.Fr. – +2)

Rhizocarpon geographicum (L.) DC. ssp. geographicum 1a (14475) +1)

Rhizocarpon geographicum ssp. diabasicum (Räsänen) Poelt 
& Vězda

– +3) (sub R. lindsayanum ssp. d.)

Rhizocarpon geographicum ssp. frigidum (Räsänen) Hertel 1a (14467) +3) (sub R. lindsayanum ssp. f.)
Rhizocarpon glaucescens (Th.Fr.) Zahlbr. – +1)

Rhizocarpon inarense (Vain.) Vain. 1a (14466) +1) (sub R. chionophilum)
Rhizocarpon jemtlandicum (Malme) Malme – +1)
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Matthews et al. (2000) argued that in the period of 
7,900–5,300 cal. y BP there were no glaciers in central 
Jotunheimen. The onset of neoglaciation in a cooling 
phase afterwards culminated in a neoglacial maximum 
during the LIA about 250–270 a BP (= around 1,750 BC) 
(Matthews 1974, 1975, 1977, 2005). In Jotunheimen, 
the climatic deterioration during the LIA only led to 
larger and thicker local glaciers, but large areas of the 
slopes, ridges and summits remained unglaciated and 
hence remained under periglacial conditions. Since the 
LIA culmination the glaciers in Jotunheimen lost about 
one third of their area and length (Baumann et al. 2009; 
Winkler et al. 2021).

Therefore, as far as the exposed time of bedrock at 
the upper edge of the N-facing rock walls of Glittertinden 
is concerned, it is very likely that lichens had at least 
about 10 ka years, i.e., since the early Holocene to reach 
the locality and to establish successfully. More than 30 
species managed to do so, followed by some licheni-
colous parasymbionts, a further indicator for long-time 

colonizations under healthy environmental conditions 
(Lawrey & Diederich 2003).

The influence of climate change on flora and 
vegetation – studies in Norway with emphasis on 
those using lichen data

Climate change in historical and recent times leads to an 
increase of the number of species on mountain summits. 
This is so far documented for vascular plants for a number 
of peaks including Piz Linard in Switzerland, the classical 
site for comparative field observations of vascular plant 
diversity on a summit over more than one century (Heer 
1884; Braun-Blanquet 1957; Pauli et al. 2003; Wipf et al. 
2013). The precondition to document changes in diversity 
over periods of time is the availability of a first dataset. 
This can be a historical flora (e.g., Stöckli et al. 2012), 
but if such a flora is not available, specimens deposited in 
herbaria may be an alternative. However, as many herbaria 
are not yet digitized, access to label data may be difficult. 

Taxon Glittertinden Galdhøpiggen 

Rhizocarpon norvegicum Räsänen 2 (83924) +3)

Rhizocarpon polycarpum (Hepp) Th.Fr. 1a (14469, 14470) –
Rhizocarpon subgeminatum Eitner – +1) (sub R. phalerosporum)
Sphaerophorus fragilis (L.) Pers. 1b (14446) admixtures: Pseudephebe 

pubescens, Parmelia omphalodes, Brodoa 
oroarctica

+2) [close to summit]

Sporastatia polyspora (Nyl.) Grummann 1a (14434) +1) (sub S. cinerea var. scandina-
vica), +2) [close to summit]

Sporastatia testudinea (Ach.) A. Massal. 1a (14441), 2 (14612) admixtures: Tremo-
lecia atrata, Rhizocarpon norvegicum

+1), +2)

Stereocaulon vesuvianum Pers. – +1) (sub S. denudatum var. pulvi-
natum)

Thamnolia vermicularis (Sw.) Schaer. – +1)

Tremolecia atrata (Ach.) Hertel 2 (14619, 83926) +1) (sub Lecidea dicksonii)
Umbilicaria aprina Nyl. – +1)

Umbilicaria cylindrica (L.) Delise ex Duby var. cylindrica 1a (14436), 2 (14617, 83927) +1), +2)

Umbilicaria cylindrica var. tornata (Ach.) Nyl. 1a (14433) –
Umbilicaria decussata (Vill.) Zahlbr. 2 (83928) +1)

Umbilicaria havaasii Llano – +1) (sub U. fuliginosa)
Umbilicaria hyperborea (Ach.) Hoffm. – +1), +2)

Umbilicaria proboscidea (L.) Schrad. 1a (14444) +1), +2)

Umbilicaria rigida (Du Rietz) Frey 1a (14448) +1), +2)

Umbilicaria torrefacta (Leightf.) Schrad. 1a (14431) +1)

Umbilicaria virginis Schaer. 1a (14430) +2)

Xanthoria elegans (Link) Th.Fr. – +1) (sub Caloplaca e.), +2)

Non-lichenized lichenicolous fungi

Carbonea aggregantula (Nyl.) Hertel on Lecanora polytropa 1a (14476) –
Endococcus verrucosus Hafellner on Aspicilia grisea 1a (14460) –
«Leptosphaeria spec.» on Tremolecia atrata – +1)

Muellerella pygmaea (Körb.) D. Hawksw. coll. on Lecanora 
polytropa

1a (14479) –

Nigropuncta rugulosa D. Hawksw. on Bellemerea cinereorufescens 1a (14440)*, (14476, as admixture in 
specimen of Carbonea aggregantula), 
2 (14620)

–

Polycoccum sporastatiae (Anzi) Arnold on Sporastatia testudinea 1a (41914) –
Stigmidium conspurcans (Th.Fr.) Triebel & R. Sant. on Psora 
rubiformis

– +1) (sub Pharcidia dispersa 
f. hygrophila)

Table 1. Continued.
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Changes in the altitudinal distribution of vascular 
plants under the influence of climate change have also 
been studied in Norway, namely in the mountainous 
southern part of the country (e.g., Lye 1973; Høitomt 
& Olsen 2010; Odland 2010, 2012; Odland et al. 2010, 
2015, 2018), including Jotunheimen (Jørgensen 1932; 
Dahl & Hygen 1951; Klanderud 2000; Klanderud & Birks 
2003; Grindrud 2019).

But climate change does not always lead to an enrich-
ment of summit floras. Cold-adapted species in particular 
may get stressed when their habitats start to transform 
under the influence of changing environmental conditions 
(e.g., Engler et al. 2011; Rixen et al. 2014; Vanneste 2016; 
Rixen & Wipf 2017; Vanneste et al. 2017). 

Gottfried et al. (2012) put together the data of many 
local studies and reported a transformation of vegetation 
on summits due to raising temperatures throughout Europe.

Studies including data on lichens focusing on the 
terricolous vegetation of summits in the low-alpine to 
mid-alpine altitudinal belts in the Dovrefjell area showed 
that terricolous lichens suffer with a decrease of cover, 
namely as a result of the increasing performance of dwarf 
shrubs and graminoids (e.g., Michelsen et al. 2009, 2011; 
Vanneste 2016; Vanneste et al. 2017). Some macrolichen 
species (e.g., Thamnolia vermicularis, Bryocaulon diver-
gens) however, were found to be able to increase their 
cover in the investigated plots during the observation 
period of 15 years.

Nothing is known about the influence of rising tem-
perature on possible changes in the diversity of saxicolous 
lichens dwelling in the high-alpine (nival) belt, neither 
in Central Europe nor in Scandinavia. Only in Antarctica 
the effect of climate change on saxicolous lichens has so 
far been studied in some detail (e.g., Sancho et al. 2019) 
and changes in growth rates of saxicolous lichens are also 
reported from high elevation sites in the Himalaya range 
(Bisht et al. 2019).

Practical problems include the slow growth of most 
of the species, in particular crustose ones, and the long 
period of time needed for an initial establishment of 
lichens. Even at lower altitudes in the foreland of gla-
ciers in Jotunheimen, it was observed and calculated, that 
a period of about 20 years is necessary for the coloniza-
tion of newly exposed rock surfaces by initial stages of 
species of Rhizocarpon subgen. Rhizocarpon (Matthews 
2005; Matthews & Vater 2015; Matthews et al. 2020). 
Therefore, in most cases it will be out of the physical 
capability of single researchers to perform comparative 
studies on high alpine peaks during their active time. This 
underlines the importance of baseline studies providing 
data for comparative studies in the future. Considerable 
changes can be expected on Glittertinden. After the melt-
ing of the ice cap uncovering larger parts of the blockfield, 
a superficial weathering process of the freshly exposed 
rock surfaces will start which, after several years, will 
make the boulders suitable for an initial colonization by 
saxicolous lichens. Small patches of soil possibly appear-
ing here and there in between the boulders will be the 
first microsites where additional species of alpine lichens 
might manage to settle.
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