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Abstract

Mountaineering, since the beginning of its history, has played an inconspicuous but key role in the collection of species
samples at the highest elevations. During two historical expeditions undertaken to reach the summit of Mount Everest in 1935
and 1952, mountaineers collected five species of vascular plants from both the north and south sides of the mountain, at ca.
6400 m a.s.l. Only one of these specimens was determined immediately following the expedition (Saussurea gnaphalodes),
and the remaining four were not identified until quite recently. In 2000, the second specimen from the 1935 expedition was
described as a new species for science (Lepidostemon everestianus), endemic to Tibet. In this paper, the remaining three
specimens from the 1952 Everest expedition are reviewed and analysed, bringing the number of species sharing the title of
“highest known vascular plant” from two to five. I identify one of the 1952 specimens as Arenaria bryophylla, and describe
two novel taxa based on analysis of the herbarium records: Saxifraga lychnitis var. everestianus and Androsace khumbuen-
sis. Although elevation records on their own do not inform us about the ecological conditions and physiological capacity of
plants at the upper limit of their distribution, this taxonomic investigation contributes to our knowledge of the biogeography
of Himalayan flora and opens the way for future field-based investigations of mechanisms limiting plant growth on the roof
of the world.

Keywords Vascular plants - Lepidostemon everestianus - Androsace khumbuensis - Mountaineering - High elevation -
Everest - Himalaya

Introduction

Mountaineers have a long tradition of contributing to
biological knowledge at the upper limits of life. In 1787,
during his ascent of Mont Blanc, De Saussure (1796)
noted the presence of Silene acaulis subsp. bryoides at
an altitude of ca. 3600 m a.s.l., which is probably the
first scientific record of a high-mountain plant. In 1802,
Humboldt and Bonpland made famous and complete
records of plant species they encountered while climb-
ing Mount Chimborazo (Andes, Ecuador). Despite failing
to reach the summit (6263 m a.s.l.), they climbed up to
ca. 5880 m a.s.l. (record for scientists at the time) and
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noted the upper limit of vascular plants at 4600 m a.s.l.
(von Humboldt and Bonpland 1805). In 1835, during the
first ascent of Piz Linard in the eastern Swiss Alps, Heer
precisely noted every species he encountered along an
elevation gradient. These botanical pioneers established
the first links between mountaineering and alpine botany,
and paved the way for future scientific monitoring at high
elevations (Wipf et al. 2013; Morueta-Holme et al. 2015).
During the so-called “Golden Age” of mountaineering in
the European Alps (1860-1865), interest in these highest
climbing species had increased through years, question-
ing what renders life possible at such elevations. Between
1861 and 1864, Whymper (1871) recorded several species
occurrences during his attempts to reach the summit of
the Matterhorn by the south ridge, and noted his fasci-
nation with what he called “atoms of life in a world of
desolation”. Ball (1860), botanist and first president of the
Alpine Club of London, published guidelines encouraging
mountaineers to participate to Natural History knowledge
in recording plants encountered during their tours in upper
altitudes. Carret (1880) after examining plants sampled
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during the third ascent of La Meije—one of the last major
summits in the Alps to be climbed—declared mountain-
eering as a new means of extending the study of Natural
History to mountain environments, and placed particular
emphasis on botany.

For botanists, mountaineering, therefore, became a neces-
sary means of collecting high-elevation biological data for
scientific purposes. A striking example of this approach is
the first British Reconnaissance Expedition to Mount Ever-
est (1921), during which Wollaston collected what turned
out to be at the time the highest vascular plant ever encoun-
tered: Arenaria bryophylla, sampled between 6100 and
6200 m a.s.l. (Miehe 1991). During the same expedition, he
also found a primrose new to science: Primula wollastonii.
In 1963, members of the American Mount Everest Expedi-
tion sampled granular soil near the summit, at 8400 m (Swan
1992). Researchers found several bacteria within the sample,
including a new taxa: Geodermatophilus obscurus subsp.
everesti. This discovery prompted scientists to consider the
possibility of life on Mars for the first time. The altitude
record for visible organisms is 7400 m, on the south face of
Makalu, where Ale§ Kunaver [cited “T. Kunavar” in Miehe
(1991) or “Kunvar” in Miehe (1988) and Korner (2003)],
leader of the fourth Yugoslavian Makalu Climbing Expedi-
tion, collected two lichens in 1972: Lecidea vorticosa and
Lecanora polytropa—the latter species also contained the
lichenicole fungus Cercidospora epipolytropa (Miehe 1991).
Collectively, these examples illustrate the potential of moun-
taineering to contribute to our understanding of the upper
limits of life in mountain environments.

Fig. 1 Satellite images of the
Mount Everest region with
locations of both expeditions
samples. Image: ©2018 Digi-
talGlobe, CNES/Airbus. Map
data: ©2018 Google
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As the highest mountain on Earth and with rock surfaces
present all the way to its summit, Mount Everest (8848 m
a.s.l.) provides exceptional potential for establishing eleva-
tion records for the occurrence of organisms. Two historical
Himalayan expeditions were especially significant for the
collection of botanical data, in addition to their climbing
achievements: the 1935 British expedition, led by Eric E
Shipton, and the 1952 Swiss expedition, led by Edouard
Wyss-Dunant. The first expedition took place in Tibet, and
accessed the base of Mount Everest by way of the East Ron-
gbuk Glacier. Shipton and his colleagues were able to collect
two vascular plant specimens at ca. 6400 m a.s.l., before
being forced to turn around below 7100 m a.s.l. due to a
snow storm. The Swiss expedition was the second European
expedition to Nepal, accessing Mount Everest from the south
along the Khumbu Glacier. During the attempt, scientific
members of the expedition collected three vascular plant
specimens at ca. 6350 m a.s.1. (Fig. 1). The party reached the
remarkable altitude of 8600 m a.s.l., and paved the way for
the successful British expedition the following year, when
Tenzing Norgay and Edmund Hillary reached the summit.

Although the members of the 1935 and 1952 expeditions
were unable to identify the species they encountered, they
collected samples which they brought back to scientific insti-
tutions in Europe. One of the samples collected in 1935, at
6400 m a.s.l., was later identified as Saussurea gnaphal-
odes (Royle ex DC.) Sch.Bip.; it is often cited as the high-
est vascular plant on Earth (Miehe 1991; Bajracharya 1996;
Korner 2003). The other sample from 1935 was described
as a new species, Lepidostemon everestianus Al-Shehbaz,
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in the recent past (Al-Shehbaz 2000). In contrast, the sam-
ples from 1952 were never studied nor identified. To my
knowledge, mountaineers on Mount Everest have made no
further records of vascular plant life at equivalent or higher
elevations since the 1935 and 1952 expeditions.

Herbarium records, such as the samples collected during
the 1935 and 1952 Everest expeditions, are an under-utilized
source of information about plant occurrences in extreme
and remote mountain locations. Even years or decades after
initial collection, specimens can (1) provide insight into the
upper limits of plant distribution and (2) provide the basis
for the description of novel taxa. The aim of this paper is to
formally describe these highest climbing plants ever col-
lected, and in so doing contribute to our knowledge of the
upper limits of vascular plant life.

Sampling sites

The British and Swiss expeditions collected a total of five
species around 6400 m a.s.l. Saussurea gnaphalodes (Royle
ex DC.) Sch.Bip. is a fairly widespread plant throughout
Nepal, Tibet, Pamir and the Hindu Kush, growing usually
between 5000 and 6000 m. These characteristics explain
why this species was the only one of the five identified soon
after the expedition. The original specimen was collected
by Shipton in 1935 in the “big scree” bordering the north
side of the East Rongbuk Glacier, at Camp III, close to the
base of the North Col. Shipton (1936) did not mention any
botanical sample in his expedition report, but the label of
the herbarium specimen, conserved in the British Museum
Herbarium (BM), is explicit and unambiguous.

However, Shipton did not only sample one species at
6400 m a.s.l., but two. The second one, totally unknown
in 1935, was archived in the BM without any name until
2000. Working on the Flora of China project (efloras.org
2008), the worldwide specialist of the Brassicaceae family,
Ihsan Al-Shehbaz, came across the sample and described it
as a new species: Lepidostemon everestianus (Al-Shehbaz
2000; Fig. 2). Despite the striking elevation, no connection
was then made at the time with the other sample collected
by Shipton, Saussurea gnaphalodes, which belonged to a
family outside the scope of his study. The discovery of Lepi-
dostemon everestianus, a Tibetan endemic, made the genus
Lepidostemon no longer monotypic. The specimen collected
by Shipton remains the only one ever encountered for this
species.

In 1952, on the south (Nepalese) side of Everest, the bota-
nist of the scientific Swiss expedition, Albert Zimmermann,
sampled three species on a section of moraine and cliff bor-
dering the north side of the Khumbu Glacier (Zimmermann
1952). The recorded altitudes were 6335 m a.s.l. for the first
species, and 6350 m a.s.l. for the two others, respectively.

Fig. 2 Illustration of Lepidostemon everestianus based on the herbar-
ium specimen (BM[000587908]) and Al-Shehbaz’ description. Draw-
ing: C. Dentant

Zimmermann described the location in which he found the
specimens as “between Camp IV and Camp V”. However,
Camp IV was settled at 6450 m a.s.l. and Camp V at 6900 m
a.s.l. (Roch 1952)! Zimmermann maintained this location in
his report of the expedition, however, as well as on the her-
barium labels. The Zimmermann’s cited location is an obvi-
ous discrepancy: Camp IV was in the middle of the Western
Cwm (upper part of the Khumbu Glacier) and Camp V in the
slope below the South Col. There is neither rock nor moraine
between them. The correct location is between Camp III and
Camp IV. Considering this discrepancy and the precision of
the tools that were available to assess altitudes in 1935 and
1952, these three altitude values (6400, 6335 and 6350 m)
can be considered as equivalent.

Taxonomic analysis

Here, I present an account of the five samples collected
from the Mount Everest in 1935 and 1952. The specimens
collected in 1935 have already been correctly identified or
described elsewhere and are included for comprehensive-
ness. The three samples from 1952 were studied in May
and June 2017 in G (Conservatoire et Jardin botaniques de
la Ville de Geneve), where they have been stored since col-
lection, using standard methods of herbarium taxonomy. In
addition, I relied on the Himalayan herbarium collection at
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G, digitized specimens at BM, E (Flora of Nepal project),
A and MO (Flora of China project), floristic literature and
reports based on data collected during the Swiss expe-
dition (Zimmermann 1952; Weibel 1956; Bachni 1958).
Zimmermann’s unpublished field notebook was also
consulted. Herein, he proposed names for the collected
specimens: “Arenaria !”, “Androsace microphylla ” and
“Sedum or Saxifraga”. In the expedition report (Zimmer-
mann 1952), he corrected his first hesitation, stating that
the third specimen appeared to be without a doubt a tiny
Saxifraga.

1. Saussurea gnaphalodes (Royle ex DC.) Sch.Bip.—Tibet
(China), East Rongbuk Glacier, big scree, 21,000 ft. (ca.
6400 m)—07/26/1935—coll.: Eric E Shipton; determin.:
s.n. BM[000803807]! (herbarium specimen in Online
Resource 1).

A complete description of the taxon can be found in Shi
and von Raab-Straube (2008).

2. Lepidostemon everestianus Al-Shehbaz—Tibet
(China), East Rongbuk Glacier, big scree, 21,000 ft.
(ca. 6400 m)—07/26/1935—coll.: Eric E Shipton;
determin.: Thsan A Al-Shehbaz (1999). HOLOTYPE:
BM[000587908]! (herbarium specimen in Online
Resource 2).

A complete description of the taxon can be found in
Al-Shehbaz (2000).

3. Arenaria bryophylla Fernald—Nepal, Mount Everest,
Khumbu Glacier, moraine, 6335 m, between Camp IV
and Camp V—05/25/1952—coll.: Albert Zimmermann
(accompanied by E Hofstetter and Aila sherpa); deter-
min.: Cedric Dentant (2017). G[G00429530]! (herbar-
ium specimen in Online Resource 3).

A complete description of the taxon can be found in
Zhengyi and Wagner (2008).

This taxon was considered for years as the highest
occurring plant in the world (Polunin and Stainton 1997),
before Miehe (1991) corrected it with Shipton’s sample
of Saussurea gnaphalodes. This plant forms dense cush-
ions, with woody caudex. Leaves are linear, crowded and
reflexed, forming columns. Leaf margins are involute and
membranous. Above 5000 m a.s.l., two other species of
Arenaria may be encountered: A. edgeworthiana and A.
pulvinata. With no flower on the sample, the single reli-
able feature to distinguish A. bryophylla is the leaf mar-
gin: glabrous or sparsely ciliate for this species; hairy or
distinctly ciliate for others.

@ Springer

4. Saxifraga lychnitis Hook.f. & Thomson var. everes-
tianus Dentant, var. nov. (Fig. 3; herbarium specimen
in Online Resource 4)—HOLOTYPE designed here:
Nepal, Mount Everest, crevices on south-facing cliffs,
6350 m, between Camp IV and Camp V—05/25/1952—
coll.: Albert Zimmermann (accompanied by E Hofstet-
ter and Aila sherpa); determin.: Cedric Dentant (2017).
G[G0042528]!

Herbs perennial. Roots mainly primary, with scarce sec-
ondary ones. Axillary stems (or stolons?), 1-3 per rosette,
short, thick and sparsely leafy. Leaves 2-3.5 mm long, ellip-
tical, forming lax rosettes, 2.5-4 mm in diameter. Both leaf
surfaces flat, glabrous, eglandular or brownish glandular.
Margins uneven, mostly with scarce brownish glandular hair,
sometimes only with irregular eglandular teeth. Apex fleshy,
sometimes mucronate. Stem leaves longer than rosette’s
ones, with a conspicuous central rib (absent for rosette
leaves). Flowers and fruits unknown.

In Nepal, Saxifraga contains 87 species, including 21
endemics. S. lychnitis belongs to section Ciliatae (because
of its entire leaves without chalk glands), which contains
65 species in Nepal (Akiyama et al. 2012). It also includes
Saxifraga zimmermannii, which was described in 1958 from
Zimmermann’s samples collected at other, lower localities
during the 1952 expedition (Baechni 1958).

Saxifraga lychnitis can be distinguished from closely
related species S. stella-aurea, S. llonakhensis, S. harae, and
S. viscidula, due to its elliptical, mostly brown-glandular
leaves, that have no well-defined petiole nor a crisped villous
margin, and that are not placed in rows. Var. everestianus
differs from var. lychnitis and var. oresbia in the following
characters: the presence of short, leafy axillary stems, and
smaller leaves and rosettes.

Although variation in leaf size alone would not argue for
a varietal status, the combination of its leaves, growth form
with axillary stems (which could be interpreted as stolons)
and extreme elevation demonstrates that this collection rep-
resents a separate taxon. Indeed, the axillary stems, which
are buried in the soil and absent from the other two varieties,
may represent an adaptation to the plant’s extreme habitat.
They anchor the plant in the unstable substrate and may pro-
tect the base of the stem from freezing (Dvorsky et al. 2016).

The species is named after Mount Everest, the only
mountain where the variety is known to occur.

5. Androsace khumbuensis Dentant, sp. nov. (Fig. 4; her-
barium specimen in Online Resource 5)—HOLOTYPE
designed here: Nepal, Mount Everest, crevices in south-
facing cliffs, 6350 m, between Camp IV and Camp
V—A05/25/1952——coll.: Albert Zimmermann (accompa-
nied by E Hofstetter and Aila sherpa); determin.: Cedric
Dentant (2017). G[G00429529]!
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Fig. 3 Saxifraga lychnitis var.
everestianus. a Leaves (If) form-
ing rosette, with several stems
(ste) and a short and thick axil-
lary stem (a ste); b individual
with loose rosette; ¢ leaf with
glandular hair (gh) on the mar-
gin and brown glands (bg) on
surfaces; example of glabrous
leaf, with short whitish teeth (t).
Drawings: C. Dentant

Herbs perennial, forming a more or less dense cushion.
Roots mainly primary, with scarce secondary ones. Leaves
gathered in numerous rosettes less than 3 mm in diameter;
leaves 1-2.5 mm long, rather homomorphic despite external
ones much more curved than inner ones. Abaxial and adaxial
leaf surfaces glabrous; margins with scarce and irregular
whitish teeth, 0.1-0.4 mm long, more numerous on apex of
external leaves. Inner leaves with cartilaginous margins and
a conspicuous central rib. Corolla white.

In Nepal, Androsace contains 21 referenced taxa, including
4 infra-taxa (Shrestha and Press 2008). Miehe (1987) cited
seven Androsace species from the Everest region of Nepal.
The specimen has been compared with all of them with respect

4 mm

1 mm

to morphology (based on herbarium specimens) and ecologi-
cal conditions, as well as to all 73 Androsace species from
China (Hu and Kelso 2008) and A. mucronifolia, the only spe-
cies known from Pakistan. Although the specimen is rather
poorly preserved, it is clearly distinct from all described spe-
cies. The specimen lacks reproductive features except for a
single corolla; peduncles, sepals, stamens, ovary, fruits and
seeds are unknown. Nevertheless, the delineation of A. khum-
buensis from closely related species is clear due to its tiny,
glabrous, homomorphic, white-teethed leaves. Specifically,
in contrast to A. khumbuensis, (1) A. globifera has pointed
leaves with a hairy apex (long white hair); (2) A. muscoides
has flat leaves, fairly pointed, with a hairy apex (long white
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Fig.4 Androsace khumbuensis.
a Rosette; b external leaf with
whitish teeth (t); ¢ internal
leaf, also with whitish teeth (t).
Drawings: C. Dentant

hair); (3) A. delavayi has hairy abaxial surface of leaves; apex
hold thin, long (0.6-0.9 mm) and dense translucent trichomes;
leaf length 2—4 mm; (4) A. fapete has hairy leaves, gathered in
columns; (5) A. lehmanii has dimorphic leaves, with pink dried
corolla (white when fresh); (6) A. mucronifolia (=A. micro-
phylla) is much bigger in all its features, including stolons
that are much longer and thicker, and it has leaf margins that
are densely setose—ciliate. [This species is cited by Zimmer-
mann (1952) with a question mark; no specimens from Nepal
have been encountered.] More specimens would be required to
enable a better understanding of this remarkable taxon.

The species is named after the Khumbu Glacier, where the
species is described from. It is dedicated to all of the members
of the 1952 Swiss expedition for their remarkable blend of
mountaineering and science.

@ Springer
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Discussion

High-elevation vascular plants

The five highest vascular species of the world belong to
five different families: Asteraceae, Brassicaceae, Caryo-
phyllaceae, Saxifragaceae and Primulaceae. 40% of the
encountered taxa are new for science. In other recent stud-
ies carried out in the Himalayan region (Dvorsky et al.
2015; Angel et al. 2016), botanists found a similar pro-
portion of new species, recording a total of eight different
species belonging to three families at 6150 m a.s.l.: Bras-
sicaceae (Draba alshehbazii, Draba altaica, Ladakiella
klimesii); Asteraceae (Saussurea glacialis, Saussurea
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gnaphalodes, Saussurea inversa, Waldheimia tridactylites)
and Poaceae (Poa attenuata). Three out of these eight
species were also new discoveries for science and only
described very recently, after 2002 (Klime§ and German
2009; German and Al-Shehbaz 2010; von Raab-Straube
2011). Even if records of altitude tell little about life con-
ditions, it is striking to see how little is known about this
specific diversity. Two other records known from litera-
ture can be mentioned to complete this list of vascular
plant occurrences above 6100 m a.s.l. (Table 1): Desideria
himalayensis (= Ermania himalayensis; Brassicaceae) at
6300 m a.s.l. on Kamet, and Stellaria decumbens (Caryo-
phyllaceae), observed by Swan at 6130 m a.s.l. on Makalu
(Miehe 1991). It is notable that among these 14 differ-
ent species encountered above 6100 m a.s.l., most were
found to grow in multiple-species patches: Saussurea gna-
phalodes and Lepidostemon everestianus (6400 m a.s.l.);

Androsace khumbuensis and Saxifraga lychnitis var. ever-
estianus (6350 m a.s.l.); Draba alshehbazii, Draba altaica,
Ladakiella klimesii, Saussurea gnaphalodes, Waldheimia
tridactylites and Poa attenuata (6150 m a.s.l.). These
results seem to point out favourable sites for coloniza-
tion of vascular plants in highest elevations rather than
accidental occurrences (Angel et al. 2016). Both Everest
sites are worth to be investigated anew to (1) check and
to compare the species occurrences; (2) gather biological
information on encountered species and (3) investigate the
local environmental conditions.

Habitat conditions of highest plant occurrences
Information on the habitats where plant species were

collected in 1935 and 1952 is limited to succinct habi-
tat descriptions. Despite the lack of quantitative data on

Table 1 Complete list of vascular plants ever recorded to date (above 6100 m a.s.l.)

Species? Family® Highest Mountain Reference Year of first
recorded eleva- description®
tion (m)
Androsace khumbuensis Primulaceae 6350 Mount Everest (Nepal, East-  this study 2018
Dentant ern Himalayas)
Arenaria bryophylla Fernald  Caryophyllaceae 6335 Mount Everest (Nepal, East-  this study 1919
ern Himalayas)
Desideria himalayensis Brassicaceae 6300 Kamet (Garhwal, Western Miehe (1991) 1844
(Cambess.) Al-Shehbaz Himalayas)
Draba alshehbazii Klime§ &  Brassicaceae 6150 Mount Shukule IT (Ladakh, Angel et al. (2016) 2008
D.A.German Western Himalayas)
Draba altaica (C.A.Mey.) Brassicaceae 6150 Shukule Peaks (Ladakh, Dvorsky et al. (2015), Angel 1841
Bunge Western Himalayas) et al. (2016)
Ladakiella klimesii (Al- Brassicaceae 6150 Shukule Peaks (Ladakh, Dvorsky et al. (2015), Angel 2002
Shehbaz) D.A. German & Western Himalayas) et al. (2016)
Al-Shehbaz
Lepidostemon everestianus Brassicaceae 6400 Mount Everest (Nepal, East-  Al-Shehbaz (2000) 2000
Al-Shehbaz ern Himalayas)
Poa attenuata Trin. Poaceae 6150 Mount Shukule IT (Ladakh, Angel et al. (2016) 1835
Western Himalayas)
Saussurea glacialis Herder Asteraceae 6150 Shukule Peaks (Ladakh, Dvorsky et al. (2015) 1867
Western Himalayas)
Saussurea gnaphalodes Asteraceae 6400 Mount Everest (Nepal, East-  Miehe (1991) 1846
(Royle ex Royle) Sch.Bip. ern Himalayas)
Saussurea inversa Raab- Asteraceae 6150 Shukule Peaks (Ladakh, Dvorsky et al. (2015) 2011
Straube Western Himalayas)
Saxifraga lychnitis var. ever- ~ Saxifragaceae 6350 Mount Everest (Nepal, East-  this study 2018
estianus Dentant ern Himalayas)
Stellaria decumbens Edgew.  Caryophyllaceae 6130 Makalu (Nepal, Eastern Miehe (1991) 1846
Himalayas)
Waldheimia tridactylites Kar.  Asteraceae 6150 Shukule Peaks (Ladakh, Dvorsky et al. (2015), Angel 1842

& Kir.

Western Himalayas)

et al. (2016)

4Species names based on The Plant List (theplantlist.org)
bFamily names based on APG IV (2016)

“Basionym publication
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ecological conditions in these contexts, previous findings
from the literature enable discussion of the environmental
constraints operating at 6400 m a.s.l. on Mount Everest.
On the one hand, Saxifraga lychnitis var. everestianus and
Androsace khumbuensis were found in rock crevices, which
are, according to Miehe (1987), a more suitable substrate
for vascular plants at upper elevations on Mount Everest.
Indeed, Miehe considers that the most decisive limiting
factor for plant colonization at the highest elevations is
the daily movement of the substrate by freezing and thaw-
ing action during the growing season. Consequently, rock
crevices capable of accumulating sun warmth may favour
plant colonization, as observed for the highest climbing
plant cited in the European Alps: Saxifraga oppositifolia,
at 4504 m a.s.l. (Korner 2011). On the other hand, Saussu-
rea gnaphalodes, Lepidostemon everestianus and Arenaria
bryophylla were encountered on scree and moraine, that is to
say unstable substrates. According to Dvorsky et al. (2016),
however, the root-zone temperature is the most important
driver for plant colonization and growth, making exposure
and micro-topography crucial. This factor is less dependent
on soil properties. In both cases, at the highest elevations on
Earth, seasonal effects are not to be underestimated: unusual
freezing or snowfall can counteract plant colonization. Suc-
cession of favourable conditions during the growing season
is, therefore, required to the establishment as well as the
survival of vascular plants (Dolezal et al. 2016).

Distribution and phylogeny of the highest vascular
plants

The five uppermost taxa found on Mount Everest belong
to clades known for being very speciose in cushion plants
(Aubert et al. 2014), a life form perfectly suited to arc-
tico-alpine environments and representing an evolutionary
convergence among angiosperms (Boucher et al. 2016).
These clades display a similar pattern of distribution in
Eurasian mountain ranges: they account for 54% of the
nival flora in the Everest region (based on data from Miehe
1987); 49% in the Hindu Kush; 46% in Caucasus (Breckle
et al. 2017); and more than 52% in the European Alps
(Aeschimann et al. 2011). The striking similarity in the
altitudinal distribution of these clades through Eurasia
can be illustrated with the late Miocene radiation of the
Androsace genus roughly 15 million years ago (Boucher
et al. 2012; Roquet et al. 2013). At this time and in this
clade, the cushion life form, including many new species,
appeared independently in two rising mountain ranges: the
European Alps and the Himalaya. This convergent evolu-
tionary history is reflected in taxonomic outcomes such
as ongoing discovery of novel taxa in different Eurasian
mountains: “Androsace innominata” (provisional name) in
the western Alps [see Jordan (2015) and Dentant (2017)],
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Androsace komovensis in the Balkans (Schonswetter and
Schneeweiss 2009) and now Androsace khumbuensis on
Mount Everest. These highest climbing species appear
thus to be more than records of plant life. Taxonomic nov-
elties highlight how little we know about plant diversity
and evolution in highest elevations.

Conclusion

Vascular plant species have been documented close to the
uppermost elevations of most of the world’s great mountain
ranges: the elevation record in Africa is 5760 m a.s.l., on
Mount Kilimanjaro (5895 m a.s.l.; Grabherr et al. 1995); in
the Andes, the highest vascular plants have been observed at
5800 m a.s.l. in the tropical part of the range (Halloy 1991).
The Everest specimens collected in the 1935 and 1952
expeditions are to date the highest climbing vascular plants
observed on Earth. Nevertheless, recent descriptions of new
taxa encountered above 6100 m highlight the need for fur-
ther investigation on high-elevation growing species. Scar-
city of vegetation is certainly not the only factor explaining
the little amount of data from upper elevations: sampling is
extremely difficult due to the hard access and the harsh envi-
ronment of high mountains, and to the little investment of
modern mountaineers compared to pioneers of the discipline
[with exceptions, see Korner (2011) and Marx et al. (2017)].
Without question, it seems timely to encourage a renewed
approach to mountaineering, one which integrates aware-
ness of scientific issues and a culture of data collection. Cli-
mate change and its consequences on biodiversity could be
an interesting point of convergence between mountaineers
and scientists. Ongoing effects of recent climate change on
alpine plant species are well studied in the European Alps:
widespread thermophilization and upward migration of plant
species (Gottfried et al. 2012), densification of alpine com-
munities (Carlson et al. 2017), colonization processes and
increases in species richness on mountain summits (Kammer
et al. 2007; Steinbauer et al. 2018) and predicted habitat loss
due to warming (Engler et al. 2011). While similar processes
are likely underway in the Himalaya, the general increase in
temperature pushing species upwards appears to be poten-
tially and deeply offset by seasonal and occasional adverse
conditions, such as repeated snowfalls or freezing events
during growing season (Dolezal et al. 2016). Renewal of bio-
logical scientific expeditions to Mount Everest, following the
example of the recent Czech expeditions in Eastern Ladakh
[see Dvorsky et al. (2015) and Angel et al. (2016)], would
likely allow us to improve our knowledge on diversity and
ecological limits of the uppermost taxa, and consequently
to improve our understanding of plants’ ability to colonize
and survive at the upper limits of life.
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