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ABSTRACT ARTICLE HISTORY
Opportunities to track environmental changes over more than a century are rare in tropical Received 30 June 2020
mountains. Edward Whymper’s survey of flora and fauna on the summit of Mt. Corazén Accepted 4 June 2021
(Ecuador, 4788 m a.s.l.) in 1880 provides a unique opportunity to compare historical observa- KEYWORDS

tions with the current composition of plant and insect communities on a tropical alpine Tropical andes; paramo;

mountain top. We studied Whymper's archives and historic specimens in London and Paris, mountain summit;
and performed a resurvey of vascular plants and ground beetles (Coleoptera Carabidae) in monitoring of flora and
January 2020. fauna; climate change

Currently, a large part of the summit area of Corazén is heavily damaged by trampling and
stone removal due to mountain tourism, and no vascular plants are present in the deteriorated
area on the top of the ridge. However, more species were collected in 2020 than in 1880: 22 of
vascular plants vs. 7, and 4 of ground beetles vs. 1. Upslope shifts over 140 years may partly
explain this increase in species richness, although the low numbers of Whymper's sampling
may also be due to less skilled collectors and to the presence of permanent snow beds on the
summit.

The current faunistic and floristic data presented in this contribution can be used as
a baseline for future resurveys of Corazdn, in order to monitor changes in the species distribu-
tion and community composition of its summit area. Owing to the very small area of its
superparamo and to the soil deterioration by trampling along the summit ridge, Corazén is
especially exposed to the effects of climate change and to the risk of extirpation of endemic
cold-adapted specialists.

Introduction increases with elevation [17] and they have nowhere
Climate change affects species distribution and com-  €lse to go to find a suitable habitat.
munity composition in montane habitats worldwide In this context, Edward Whymper’s expedition to

[1-4]. Paramo sky islands, a highly diverse alpine habi- ~ Ecuador in 1879/80 offers a unique opportunity to
tat unique to the tropical high Andes, are particularly ~ track changes over more than a century. The expedi-
vulnerable to human-induced Changes that are tion of this famous British mountaineer and naturalist

expected to have significant consequences on the  [18] took place at the end of the Little Ice Age cold

species richness and ecosystem function [5]. period [19], when summits currently devoid of perma-
A common response of cold-adapted alpine species ~ hent snow were still ice or snow-capped. On
to climate change is migration towards higher eleva- 2 February 1880, Whymper ascended Mt. Corazon,

tions. Such upward shift has been reported for paramo a volcano situated in the Andes of northern Ecuador
ground beetles [6] and vascular plants [7], although ~ [20, p.108-112]. Corazén (4788 m as.l, SO° 31.916'
the rate of the elevational shift has been debated [8,9]. ~ W78° 39.632") is a highly eroded remnant of
Changes in distribution of alpine organisms are often @ Pleistocene stratovolcano [21], located in the
documented by resurveys of mountain summits for ~ Western Cordillera (Figure 1a-b). Whymper made
which species composition was reported in the past ~ a careful survey of the very summit of the mountain,
[3,10-16]. On the one hand, a tendency towards trying to collect any living organism, including mosses,
increase of alpha diversity and homogenization of  lichens, vascular plants, and soil arthropods. He
community composition has been observed, especially reported the occurrence of six vascular plant species:
for plants on the summits of European Alps [10]. On Arenaria dicranoides, Werneria sp. Draba obovata,
the other hand, the small-range and cold-adapted Draba imbricata, Draba indet., and Phlegmariurus cras-
components of these mountaintop communities are sus, the latter three species claimed to be abundant
particularly threatened by climate change, as warming ~ [20, p.111 and 352-3]. Whymper also mentioned the
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Figure 1. Localization of the study site. a: Superparamo sky islands (orange and red areas) in Northern Ecuador. b: Detail of Mt.
Corazon in the former map. c: Detail of the summit area (satellite image: ©2020 Google Earth).

presence of a large Culcitium “with thick, woolly leaves,
and a nearly white, pendent, downy flower”, almost
certainly Senecio canescens, “within a few feet of the
extreme top of Corazén”, but could not preserve the
collected specimens [20, p.213]. He annotated that
judging from their abundance and vigorous condition,
these plants (all of which belong to typical species of
the upper superparamo in Ecuador [22]) might have
attained a greater elevation if there had been higher
ground in the vicinity. Whymper also collected five
lichens and five mosses (not studied), an earthworm,
a Hemiptera and some spiders (not studied) and one
ground beetle, Dyscolus diopsis.

Besides climate change, mountain tourism is
a potential threat to the biodiversity of Mt. Corazén.
Being easily accessible from Quito and the central
Andean valley, it is a popular day-trip destination for
hikers. Its summit can be reached from two sides,
northeast and southeast, following well-marked trails.
An internet search with the words “hiking”, “Corazén”
and “Ecuador” yields >40 websites describing the
Corazon hike or offering guide service for climbing it
(consulted on 29 December 2020).

The first objective of this study was to retrace
Whymper’s steps on Corazén in order to compare his
observations with the current state of the
superparamo on the summit of this mountain. We
limited the study to vascular plants and ground beetles

(Coleoptera, Carabidae) because they are the only taxa
collected by Whymper at high elevations that have
been the subject of recent taxonomic revisions.
Our second objective was to provide a baseline for
future resurveys, in order to monitor changes in spe-
cies distribution and community composition on
a small superparamo summit area, threatened both
by ongoing climate warming and by mountain
tourism.

Material and methods

The applicability of historical distribution data for com-
parative studies in climate change studies has been
subject to discussion, due to uncertainties about their
completeness, reliability and reproducibility [23]. Errors
caused by wrong plot relocation are frequent [24]. In
this regard, the accuracy of Whymper's data is excep-
tional, as he registered with extreme care the date,
place and elevation of every botanical or zoological
sample he made [6].

Prior to the fieldwork, we studied Whymper's
archives and historic collections to complete the infor-
mation already available in his book published in 1892.
His travel journal was consulted in May 2019 at the
Scott Polar Research Institute of Cambridge University
(manuscript  collection No. MS 822/7/1). The
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circumstances of the survey are described in this jour-
nal with more details than in the published account.
Whymper reached the summit at 12 am and left at 3.10
pm. During these three hours he took barometric mea-
surements, drew a sketch of the summit, and collected
plants and arthropods with the help of his Italian guide
J.A. Carrel. Whymper described the surveyed area as
a narrow and relatively flat summit ridge, 250 feet long
(= 80 m). Based on this information, we considered that
a sampling session performed by two persons over an
80 m long summit area for one hour and a half, sub-
tracting the time spent by Whymper on weather mea-
surements, topographic work and sampling of volcanic
rock, would be a fairly accurate reproduction of the
1880 survey conditions.

Whymper's entomological material is kept at the
Natural History Museum (London), and at the
Muséum National d’Histoire Naturelle (Paris) [6].
The unique ground beetle specimen from the sum-
mit of Corazén was revised in Paris. The vascular
plants collected by Whymper were revised at the
British Museum (BM) and Kew (K) herbaria in
May 2019. Of the seven species claimed to have
been found on Corazén, only one voucher could
be localized at K, that of Phlegmariurus crassus

(named Lycopodium saururus in Whymper's list
[20]). For the other species, we can only rely on
the primary identifications made by W. Carruthers
in 1891 and published the following year [20].
Whereas Arenaria dicranoides (collected) and
Senecio canescens (described) are species that can-
not be mistaken and the identification provided by
Whymper [20] is thus reliable, identity of Draba sp.
and Werneria sp. cannot be confirmed without
examination of a herbarium voucher.

On 17 January 2020, we resurveyed the summit
of Corazén in conditions as close as possible to
those of 1880. The search was made in ca 10-
meter diameter around the summit and in
a 5-meter broad band stretching to both sides of
the ridge to a distance of 80 m from the summit
(Figure 1¢, A). In this 500 m? area, two botanists
spent 45 minutes recording all vascular plant spe-
cies present. Two entomologists spent 45 minutes
searching and collecting ground beetles by hand,
beneath stones and dead leaves. This simple and
effective sampling method [25] was likely also used
by Whymper in 1880, as in another occasion he
reported the discovery of carabid beetle specimens
on the summit of the Pichincha volcano by turning

Table 1. List of the vascular plant species encountered in January 2020 within a 0-80 m distance from the summit of
Mt. Corazon (Figure 1¢, zone A) and within an 80-160 m distance (zone B). Species collected by Whymper in 1880 are
in bold. Voucher numbers refer to P. Sklenai's collections deposited at QCA.

Zone A Zone B
0-80 m from summit 80-160 m from summit
Agrostis foliata Hook. f. + (PS16022) +
Arenaria dicranoides Kunth One plant (PS16016)
Azorella corymbosa (Ruiz & Pav.) Pers. + +
Baccharis caespitosa (Ruiz & Pav.) Pers. + +

Belloa sp.

Calamagrostis aurea (Munro ex Wedd.) Hack. ex Sodiro
Cerastium floccosum Benth.

Draba aretioides Kunth

Draba obovata Benth.

Erigeron ecuadoriensis Hieron.

Eudema nubigena Bonpl.

Hypochaeris sessiliflora Kunth
Hypochaeris sonchoides Kunth

cf. Hypochaeris

Lachemilla hispidula (L.M. Perry) Rothm.
Lachemilla paludicola (Rothm.) Rothm.
Loricaria thuyoides (Lam.) Sch. Bip.
Lucilia kunthiana (DC.) Zardini

Luzula racemosa Desv.

Myrosmodes sp.

One sterile plant
+ (PS16021)
Only a few plants

+ (PS16020, PS16023)

+
+
+ (PS16018) +
+ +
+ (PS16019) +
+
+
One small rosette, excluded from the species count
+ +
One plant growing on a cushion
One small plant
+
+ Perhaps the most abundant plant

One plant growing in a cushion of Werneria humilis

Ourisia muscosa Wedd. One plant
Pentacalia microdon (Wedd.) Cuatrec. One small plant

Pernettya prostrata (Cav.) DC. One plant
Phlegmariurus crassus (Humb. & Bonpl. ex Willd.) B.@llg. +

Poa cucullata Hack. +

Senecio canescens (Bonpl.) Cuatrec. + +
Senecio culcitioides Sch.Bip. Two plants
Senecio nivalis (Kunth) Cuatrec. + +
Taraxacum sp. +

Valeriana alypifolia Kunth Two plants
Valeriana plantaginea Kunth One plant Two plants
Werneria nubigena Kunth + +
Werneria pygmaea Gillies ex Hook. & Arn. + +
Xenophyllum humile (Kunth) V.A. Funk + +
Xenophyllum rigidum (Kunth) V.A. Funk One plant (PS16017)
Species richness 22 28




over stones and rocks [20]. Identifications of ground
beetles were based on the keys and taxonomic
descriptions in [26,27].

Additionally, to get a more complete baseline
inventory of the flora and fauna of the Corazén
upper superparamo, collections were made in
a broader area around the summit. Along the sum-
mit ridge, plants were further recorded for 45 min-
utes by the same two botanists from 80 to 160 m
north of the summit (Figure 1¢, B and Table 1).
Along the southern trail, from the lower elevation
limit of the superparamo to the summit area, the
uppermost elevation occurrence of every observed
plant species was recorded by two botanists
(Supplemental material 1), and ground beetles
were collected by two entomologists at two eleva-
tions, 4500 m and 4600 m as.l., following the
same protocol as on the summit (Supplemental
material 2).
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Results
Degradation of the summit area

The very summit of Corazén and part of the summit
ridge were heavily altered by visitors as a consequence
of trampling and stone removal, and no vascular plants
were present there. The summit itself was a 200 m?
large area of sandy soil bare of plants, where most of
the stones had been moved to build a cairn at the
uppermost point (Figure 2). Further north, the summit
ridge was also damaged by trampling. It was devoid of
any plants, although three species were encountered
just beside the ridge, i.e. Werneria nubigena, Draba
obovata, and Luzula racemosa. As a whole, the deterio-
rated part amounted to 70% of the sampled area. This
situation appears to be recent. Whymper’s description
does not mention any alteration of the summit area,
except for the presence of two dressed rocks [20,
p.110]. A photograph taken close to the summit in

Figure 2. The summit of Mt Corazén in January 2020, viewed from the south.

Figure 3. Clump of Senecio canescens near the summit of Mt. Corazén in January 1986. Photograph taken by P. Moret.
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January 1986 shows several Senecio canescens plants
that have disappeared since then (Figure 3), and
according to a professional mountain guide with a 20-
year experience in Ecuadorian Andes (J. Larrea Yanez,
personal communication, 29 December 2020), the
width of the trail to the summit has widened consider-
ably in recent years.

Vascular plants

Around the very summit and within the 0-80 m dis-
tance from it (Figure 1c, A), i.e. in the area surveyed by
Whymper in 1880, 22 vascular plant species were
recorded. Twelve more species were observed further
north (80-160 m north of the summit), in the same
environment (Table 1).

We encountered three species of Brassicaceae, i.e.
Draba obovata, D. aretioides, and Eudema nubigena, all
of them quite common. Whymper reported three spe-
cies of Draba from the summit of the mountain: Draba
imbricata CA. Mey (reported to be common),
D. obovata Benth., and another common but not iden-
tified species. Whymper's collection of Draba obovata
from the summit of Corazéon was confirmed by
a specialist (Al-Shehbaz 2018). Draba imbricata is
a species from Caucasus and some of its forms resem-
ble D. aretioides (Al-Shehbaz, pers. comm. 2020). We
may therefore assume with a reasonable confidence
that Whymper's plant was not D. imbricata but rather
D. aretioides. A species listed as Draba sp.? was col-
lected by Whymper on the Chimborazo volcano and
later identified as Eudema nubigena by Al-Shehbaz
(vouchers were also revised and identification con-
firmed by PS), which is a common superparamo spe-
cies with a Draba-like habit. Since there is no report of
other species of Draba from Corazén than D. aretioides
and D. obovata [28], we assume that the unidentified
Draba listed by Whymper was in fact E. nubigena. Four
species of Werneria (including Xenophyllum) were
encountered in 2020 on the summit of Corazén. It is
a reasonable assumption that one of these species may
correspond to the unidentified Werneria sp. reported
by Whymper. If that assumption and our conclusions
on Whymper's collections of Draba are correct, then
the seven species reported by Whymper to occur on
the summit of Corazén in 1880 were all present there
in 2020. This case highlights the crucial importance of
vouchers in comparative studies on species diversity,
not only in still relatively poorly taxonomically known
areas, such as the equatorial high Andes.

Arenaria dicranoides is a typical upper superparamo
species and apparently was not reported from Corazén
since Whymper (P. Sklendf, unpubl. data). We found
only one specimen of this species growing 160 m away
from the summit. This suggests that abundance of this
species has declined in the summit area; it was not

encountered along the southern summit ridge
although it might be present on other slopes of the
mountain, which were not explored by us.
Additionally, Corazén represents a new locality for
two species which are endemic to the superparamo of
Ecuador. Pentacalia microdon is reported for the first
time from another locality than Cotopaxi and llliniza,
and Xenophyllum rigidum is reported for the first time
from another locality than Chimborazo, Antisana, and
llliniza (J. Calvo, pers. comm. 2020). As both species
produce achenes with pappus, seed dispersal by wind
to Corazén is possible. However, the nearby Cotopaxi
and llliniza volcanoes, where one or both species
occur, respectively, are frequent destinations of hikers.
Dispersal of seeds by tourists thus cannot be ruled out.

Ground beetles

Four ground beetle species were collected in the sum-
mit area of Corazén, all members of the genus
Dyscolus: D. diopsis (Bates), D. megacephalus (Bates),
Dyscolus oopteroides (Chaudoir) and D. rotundiceps
(Bates). Seven more species were collected at lower
elevations (4500 and 4600 m as.l.) in the upper
superparamo along the southern ridge (Supplemental
material 2). Only two species, Dyscolus oopteroides and
D. rotundiceps, were present at all surveyed elevations.
Abundance of two species, Dyscolus oopteroides and
D. diopsis, increases with the elevation. Dyscolus diop-
sis, the only species collected by Whymper, is currently
by far the dominant carabid species in the summit
area, amounting to 68% of the recorded individuals,
whilst it was not recorded below 4600 m as.l.
(Supplemental material 2).

Although ground beetles were generally scarce in
the summit area, small local clusters have been
observed beneath stones and dead leaves at the foot
of Senecio canescens plants. This kind of microhabitat
maintains a higher humidity and/or buffers its oscilla-
tion in contrast to the surrounding open environment.
Survival of the ground beetle community in the sum-
mit area is therefore dependent on the presence of
healthy vegetation and of the associated leaf litter.

Discussion

Whymper recorded much less species than we did: 7
vascular plant species vs 22, and 1 ground beetle
species vs 4. Several reasons can explain this
difference.

i) Whymper’'s and Carrel’s skills as plant and beetle
collectors were likely to be lesser than ours. Whymper
was an experienced naturalist: as soon as 1862, at the
beginning of his career as an alpinist, he was able to
identify the plants he collected close to the snow-line
on the Matterhorn [29]. In 1867, when leading a British
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expedition to Greenland, he was accompanied by
a botanist, Robert Brown, with whom he collected
plants [18]. Still he was not a fully trained botanist,
and in particular, it is fairly possible that he was not
able to differentiate between species that look alike at
first sight (e.g. cushion-forming Xenophyllum humile vs
X. rigidum).

i) Whymper did not pay attention to grasses and
other graminoid monocotyledonous species. Three
grass species were encountered in 2020, and among
them Luzula racemosa and Calamagrostis aurea were
abundant.

iii) Whymper reported in his journal that “consider-
able snow beds” covered the western side of the sum-
mit ridge. Other historical reports by James Orton,
Wilhelm Reiss, Alfons Stibel and Theodor Wolf, ran-
ging from 1867 to 1892, confirm that at that time
a significant part of the Corazén summit was perma-
nently covered by snow [30, p.103]. The perennial
snow seems to have disappeared gradually over the
following decades [30, p.28]. The space available for
plants to grow was therefore considerably lower in
1880 than in 2020, and the vicinity of the permanent
snow line may then have limited the strength of the
vegetation.

iv) Species richness was actually lower in 1880. This
last hypothesis would be in accordance with the
increase in species richness, due to upslope range
shifts of species from lower elevations, which has
been observed over the last decades on many moun-
tain summits of higher latitudes [10,31]. Yet the part
played by each of these factors cannot be disentangled
with our methods, so the question whether any of the
15 species of vascular plants and 3 species of ground
beetles not recorded by Whymper was already present
there in 1880 will remain unanswered.

From a retrospective point of view, these biases in
the interpretation of Whymper’s data do not allow us
to evaluate in a more exact way changes in plant and
insect communities between 1880 and 2020. The ques-
tionable reliability of Whymper's data is, furthermore,
enhanced by the uncertainty resulting from the impact
of tourism, exemplified by the possible introduction of
two plant species, Pentacalia microdon and
Xenophyllum rigidum. However, from a prospective
point of view, the current faunistic and floristic data
presented in this contribution can be used as
a baseline for future resurveys of Corazén, to monitor
changes in the species distribution and community
composition of its summit area, in the same line as
recent studies on Andean [32] or Guiana Shield [33]
summits.

All the ground beetle species observed on Corazén
are strictly limited to the Pichincha-Chimborazo area
of endemism [34]. They are currently represented by
isolated populations on several superparamo sky
islands, ranging from Cayambe to Llanganatis in the
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Eastern Cordillera and from Cotacachi to Chimborazo
in the Western Cordillera. Regarding the composition
of these ground beetle communities, a comparison can
be made with the summit of Mt. Guagua Pichincha,
near Quito, which peaks at 4784 m as.l. [6,25 and
unpublished datal. From 4500 m a.s.l. upwards,
Corazoén has 11 species, Pichincha 12. Seven species
are present in both sky islands (Dyscolus diopsis,
D. maleodoratus, D. oopteroides, D. rotundiceps,
D. megacephalus, Blennidus strictibasis and Bembidion
fulvocinctum); seven are microendemic species exclu-
sive to one or the other (Dyscolus verecundior,
Blennidus sp. 1 and Oxytrechus sp. 1 on Corazén;
Dyscolus verecundus, Blennidus mucronatus,
Oxytrechus sp. 2 and O. sp. 3 on Pichincha); and the
last two are widespread species only present on one of
them (D. denigratus on Corazén, D. orthomus on
Pichincha). On the very summit, diversity appears to
be higher on Pichincha (6 vs 4 species), possibly due to
a higher sampling effort, but relative abundance is
quite similar for Dyscolus diopsis, D. oopteroides and
D. megacephalus. The mountaintop communities thus
appear to be similar at Pichincha and at Corazén. No
such comparison could be made for the vascular plants
of the Guagua Pichincha summit zone, since available
datasets come from a secondary summit, Padre
Encantado, situated ca. 250 m below the top elevation
of Corazdn and of Guagua Pichincha. The vegetation of
the Padre Encantado summit, classified in two upper
superparamo communities (i.e. Festuca glumosa-
Luzula racemosa and Arenaria dicranoides-Senecio
canescens [35]), shares the majority of its species with
the summit area of Corazén, although the vegetation
at Padre Encantado may be denser and more diverse
on the account of its lower elevation [32].

Corazén is especially exposed to the effects of climate
change, owing to the very small area of its superparamo.
In northern Ecuador, a similar situation may occur in
other eroded stratovolcanoes that peak between 4600
and 4900 m a.s.l.: from north to south, Chiles, Cotacachi,
Sara Urcu, Imbabura, Pichincha, Sincholagua, Rumifahui
and Quilindafa. Each of these small isolated
superparamos hosts a unique species assemblage, and
some of them possess exclusive microendemic species
[26]. Due to the pyramid-shape hypsography of these
mountains [36], the habitable area greatly reduces with
increasing elevation. With the ongoing climate changes,
the area occupied by the superparamo will probably
shrink due to the upslope shift of its lower limit, thus
accelerating the risk of local extirpation of high-elevation
stenotherm specialists [5,37], and of total extinction of
precinctive species. In the case of Corazén, this would
certainly be the case of the carabid Dyscolus diopsis which
only lives there above 4600 m a.s.l. Moreover, some of
these peaks are frequently climbed by mountaineers and
hikers, especially Pichincha and Corazén, which results in
severe damages by trampling. Destruction of natural
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habitats in the summit area adds another threat on these
endangered species, as the summits would be their ulti-
mate refuge before extinction.
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