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Abstract

WoHLGEMUTH, T. (2002}, Alpine plant species richness in the Swiss Alps : diversity hot spots reconside-
red. Mém. Soc. Bot. Genéve, 3, p. 63 - 74.

A paradigm in the debate on the origin of Alpine plants is the correspondence between present-day hot
spots of plant species and presumed nunatak or peripheral refugial regions. In order to question this corres-
pondence, [ analyzed numbers of plant species in the Alps with respect to different species groups. Distribution
patterns were compared to the only existing map of Alpine hot spots early proposed by Christ (1879). Often
cited hot spots such as the Monte Rosa region and the Upper Engadine could be confirmed to be rich in alpine
plants. A large region encompassing the Glarner Alps and the Alps of the Rhine valleys proofed to be extraor-
dinary species-rich, too. The importance of substrate to explain old and new richness features was highlight-
ed by analyzing Alpine endemics grouped into calcifuges and calcicoles. Results open new questions on gene-
ralities of alpine plant diversity and the threat of climate warming.

Résumé

WoHLcemurtH, T. (2002). Richesse spécifique des plantes alpines dans les Alpes Suisses : hauts lieux de
diversité reconsidérés. Mém. Soc. Bot. Genéve, 3, p. 63 - 74.

Les débats sur origine des plantes alpines sont axés sur la correspondance entre les actuels “hot spots” des
espéces végétales et les nunataks présumés ou les régions-refuges périphériques. Pour étudier cette correspon-
dance, j'ai analysé de nombreuses espéces végétales présentes dans les Alpes en considérant les différents
groupes spécifiques, Les actuels schémas de distribution ont été comparés i la seule carte existante établie jadis
par Christ {1879). Les “hot spots™ fréquemment cités, comme les régions du Mont Rose et de la Haute
Engadine, présentent en effet une grande diversité de plantes alpines. Une vaste région, comprenant les Alpes
glaronnaises et les montagnes des vallées du Rhin, a également prouvé quelle est extrémement riche en
espéces. Les variations dans la diversité ont été expliquées par les différences entre les substrats, C’est-a-dire les
différences dans la distribution des calcifuges et des calcicoles. Les résultats posent de nouvelles questions dor-
dre général sur la diversité des plantes alpines et [a crainte du réchauffement climatique.
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1. Introduction

In two recent publications the debate on the cor-
respondence between patterns of actual distribu-
tion of plant species and the last maximum glacia-
tion in the Alps has been warmed up (Stehlik, 2000;
Stehlik et al, 2000). In summary, the general
assumption has been adopted that proposed
nunatak regions (nunatak hypothesis) or periphe-
ral refugia (tabula rasa hypothesis) during the last
maximum glaciation are still species-rich in present
days (Christ, 1879; Chodat & Pampanini, 1902;
Briquet, 1906; Jerosch, 1903; Braun-Blanquet,
1923; Brockmann-Jerasch & Brockmann-Jerosch,
1926; Becherer, 1972). Beyond the pro and contra
arguments for these hypotheses, a few basic ques-
tions have not been satisfactorily answered: where
are the present-day hot spots of plant species rich-
ness in the Swiss Alps, and which species groups
contribute to the large number of species in these
regions?

The first and to my knowledge unique map of
alpine plant species richness was designed by Christ
(1879). Accordingly, Christ considered the
Matterhorn region, the Upper Engadine and parts
of the Lower Engadine as large hot spot regions in
the Swiss Alps. Smaller and partly isolated hot spot
regions concerned western and southern parts of
the Wildhorn region, southern parts of the
Finsteraarhorn range, summit regions of the
Saane/Simme and Emme ranges, northern parts of
the Maggia range, parts of the Damma, Sardona and
Thur ranges, and the Rhitikon range (Fig. 1; circles
in Fig. 2}. The map also contains large regions with
poor Alpine flora i.e. cold spots, such as the Berner
Oberland, the Glarner Alps, the Thur and the Adula
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ranges. Because both none of the later publications
mentioned above has more precisely described hot
spot regions for the Swiss Alps, and generally were
in keeping with the large hot spots regions, this map
served as an orientation in the following analyses.
At the beginning of the 20" century, the principal
arguments on the origin of Alpine plant life as well
as on the locations of plant diversity and their cau-
ses were already at hand (e.g. Jerosch, 1903;
Schroter, 1908). Nevertheless, Jerosch (1903) asked
for data to test the hypotheses on species-rich areas
in the alpine zone of the Alps.

Eighty years later, good data on the distribution
of Alpine plants have been compiled at local and
regional scales by Welten & Sutter (1982}, the fol-
lowing supplementary publications by Welten &
Sutter {1984), Wagner (1995) and the periodical
publications of the Center of the Swiss Floristic
Network {Palese & Moser, 1995). Within the frame
of this Swiss Floristic Inventory, plant species lists in
contiguous mapping areas below and above the
timberline have been updated. On the basis of actu-
al regional species lists, [ compared present-day hot
spots with Christ’s early map in order to question
the long-standing paradigm of diversity hot spots in
the Swiss Alps.

2. Materials and methods

Species data

The system of 593 contiguous mapping areas
drawn in the distribution atlas of pteridophytes and
phanerogams of Switzerland (Welten & Sutter,
1982} served as reference system for the floristic
data {Wohlgemuth, 1993). Accordingly, 350 lowland
mapping areas below the timberline are distin-
guished from 215 mountain mapping areas above
the timberline. In the Jura Mountains, 17 mapping
areas were defined mountainous, in contrast to 198
mountain areas in the Swiss Alpine Arc. Because of
their low elevation, the mountain mapping areas
“Napf” and “La Berra” were excluded from parts of
the analyses, resulting in 196 mountain mapping
areas (9620 km?) in the Swiss Alps. The 28 lake areas
were not treated in the analyses.

Species lists, i.e. presencefabsence data, were
composed by the original atlas signatures on rare or

Figure 1. Limestone and silicate in Switzerland after
Labhart (1987). In the category limestone, calcareous
substrates such as schists and Flysch are included as
well, Large mountain areas/ranges within the Swiss Alps
are given according to Knapp et al. (1902).
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common species’ occurrence, as well as by supple-
mentary species records published by Welten &
Sutter (1984), Wagner (1995), Moser & Palese (1995
- 1999), Biumler & Palese {1996 - 1998), Moser et
al. (1999 - 2000). All data are available on the
Internet (www.webflora.ch). Four variables of
species richness per mapping area were distin-
guished according to Table 1: the total number of
species (SRt), the number of species with subalpine
and alpine altitudinal distribution (SRm), the num-
ber of species with limited distribution range in the
European mountain system and in the Arctic, based
on SRm (SRmeu) and the number of species that
are endemic to the Alpine Arc, based on SRm
{SRmend). Species of the latter variable are listed in
the Appendix. Only species with well-known distri-
bution areas in Switzerland were considered {pub-
lished maps in Lauber & Wagner, [998;
www.webflora.ch}. Therefore, many subspecies or
varieties were not considered. With respect to
species’ reaction to substrate, I additionally used
Landolt’s indicator values to characterize cor-
responding diversity patterns (Landolt, 1977). The
original five categories of the reaction gradient were
merged into the three categories “calcifuges”
(Landolt’s indicator values 1 and 2), “calcicoles” (4
and 5) and “neutrals” (3). Calcifuges indicate acidic

substrate or silicate, calcicoles indicate high-base
status of soils or of bedroclk i.e. calcareous substrate
(Grime, 1979). Neutrals are those species with a
main distribution on slight acidic, neuatral or slight
basic substrate. The geographical distribution of
substrate classes in Switzerland is given in Figure 1.
Results for variables defined in Table 1 are distin-
guished by the categories calcifuges, calcicoles and
neutrals. All figures were produced with GIS-facili-
ties of ARCINFO® and with the software ADOBE
ILLUSTRATOCR @ 8.0

3. Results and discussion

A total of 1295 plant species resulted from 196
mountain mapping areas in the Swiss Alpine Arc.
8.5 % {n = 109) of them are endemic to the Alps
(SRmend), 17 % {n = 221) can be found in the
Furopean mountain systemn and/or in the Arctic
(SRmeu), and 35 % (n = 452) have a narrow sub-
alpine/alpine altitudinal distribution (SRm; Tab. 1).
24 % of the latter species group are endemic to the
Alps. In order to locate regions of high and low
regional species richness, numbers of species are
displayed geographically (Figs. 2-6). Mountain
mapping areas that fitted Christ’s proposed regions
of rich Alpine flora (Christ, 1879), are indicated
(circles). Numbers of subalpine/alpine species SRm

Variable Indication N Source
SRt Total number of species 1295 Welten & Sutter {1982) and all sup-
plementary records until 2000
(www.webflora.ch)
SRm Number of species with narrow subalpine and/or 454  According to Lauber & Wagner
alpine altitudinal distribution range; “subalpine” (1998)
corresponds to the coniferous bel; ‘alpine’ corre-
sponds to above the timberline (Landolt 1983)
SRmeu  Number of species with (a) limited distribution 221 According to Lauber & Wagner
range in the Alps and in other European mountain (1998)
ranges such as the Pyrenees, the Apennin, the (291)
Carpathians and the Arctic and {b) with narrow
subalpine and/or alpine altitudinal distribution
range
SRmend Number of species with (a) limited distribution 109 According to Lauber & Wagner
range within the Alpine Arc, i.e. endemic plant (1998)
species, to the Alps (excluding endemics to the Jura  (151)
Mountains see Appendix), and (b) with narrow
subalpine and/or alpine altitudinal distribution
range

Table 1. Definition of variables of species richness per mapping area. N: total number of species; for SRmeu and
SRmend, the total numbers of species without altitudinal distribution constraints are put in brackets.
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{Fig. 2), as well as numbers of endemics to the Alps
SRmend (Fig. 3) are displayed for the whole of
Switzerland. Total numbers of species (Fig, 4}, num-
bers of endemic calcifuges (Fig. 5), and numbers of
endemic calcicoles (Fig. 6) are displayed for the 196
mountain mapping areas of the Swiss Alps, ie.
alpine regions above the timberline.

Figure 7 displays the numbers of species repor-
ted from all 196 mountain mapping areas of the
Swiss Alps in four species groups (SRt, SRm,
SRmeun, SRmend) and three substrate classes. For
the same substrate classes, nationwide frequencies
of Alpine endemics (SRmend) are displayed in
Figure 8.

3.1. Scale, species-area relationship, and collec-
ting effort

Species richness is a scale-dependent measure.
In this paper, numbers of species refer to local or
regional scales between 0.1 and 135 km?, At smaller
scales, Virtanen et al. (in press) compared species
richness of ecosystems of various European moun-
tain ranges including the Alps. There is a large body
of literature referring to Alpine species distribution
and biodiversity, but most publications treat distri-
butions of single taxa, species within a genus or
other groups of taxa {e.g. Merxmiiller, 1952-1954;
Favarger & Galland, 1996; Stehlik et al, 2000).
Quantitative comparisons of systematically collec-
ted species data in mountain systems over broader
scales are rare (Birks, 1996).

The relationship between species richness and
area is one of the most studied relationships in eco-
logy (Palmer & White, 1994). With increasing area
size, numbers of species increase as well. Varicus
functional forms have been formulated to fit the
curve slopes (e.g. Arrhenius, 1921; Gleason, 1922;
Williamson, 1981; Crawley & Harral, 2001). In the
Swiss Floristic Inventory, mapping areas were
defined by topography and hence they are of differ-
ent sizes (Welten, 1971). Considerations on species
richness per mapping have been affected by this fact
(Wohlgemuth, 1993, 1998). The advantage of the
then chosen mapping areas is the precise localiza-
tion of species occurrences. Because of the moun-
tain mass elevation effect (“Massenerhebungs-
effekt”; Kérner, 1999), mountain mapping areas at
the front ranges of the Alps are small in size and less
elevated, in contrast to those of the central ranges
having larger area sizes and higher elevations.
Wohlgemuth (1993} found no correlation between
area size and species richness for lowland mapping

areas despite the wide range of area sizes ranging
from 9 to 175 km?. In contrast, for mountain map-
ping areas, the correlation for mapping areas ran-
ging from 0.1 to 20 km? was positive, but mapping
areas larger than 20 km? and up to 135 km? showed
no further increase in species richness with increa-
sing area sizes. As a consequence, species richness of
small mapping areas along the front ranges needs to
be interpreted with caution {Wohlgemuth, 2002).

Another bias relates to the varying collecting
efforts that are typically encountered in large-scale
inventories with many collaborators involved
(Connor & Simberloff, 1978; Prendergast et al.,
1993; Wohlgemuth, 1998). Collecting efforts in
touristic regions such as the Upper Engadine or in
parts of the Valais are presumably larger than in
remote or less attractive regions with limited access.
Evidence for considerable differences was given by
Wohlgemuth (1993). Conservative estimations of
collecting efforts for lowland mapping improved
the explained variability in a multiple regression
model by an amount of 5 % (Wohlgemuth, 1998).
Unequal mapping areas and variable collecting
efforts hence limit the interpretation of the presented
analyses on plant species richness.

3.2. Areas “rich in alpine species” or with “rich
alpine flora”

The locations of diversity hot spots of plant
species in the Swiss Alps vary, to a considerable
extent, depending on the species groups considered.
To test proposed hot spots also implies to identify
the meaning of terms such as “rich alpine flora” or
“rich in alpine species” in former and present-day
publications (Christ, 1879; Chodat & Pampanini,
1902; Briquet, 1906; Jerosch, 1903; Brockmann-
Jerosch & Brockmann-Jerosch, 1926; Becherer,
1972; Stehlik, 2000). Despite the fact that, in most
cases, the presence of many rare or biogeographi-
cally remarkable species coincided with the defini-
tion of hot spots (e.g. Furrer, 1923 ; Becherer, 1972;
Stehlik, 2000}, the reason to name a region species-
rich may be based on more integral impressions on
richness. Terms such as “alpine flora” or “alpine
species” are ambivalent because of difficulties in the
definition of distribution ranges (Kérner, 1999). To
disentangle the connected vague richness defini-
tions, I analyzed richness patterns of different
species groups. The nationwide pattern of SRm
(Fig. 2) resulted in a particularly clear distinction
between the Alps and the rest of Switzerland, name-
ly the Jura Mountains and the Central Plateau. Also,
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most of the highly elevated areas of the central
ranges of the Alps had large numbers of species in
both mountain and adjacent lowland mapping
areas. From 454 subalpine/alpine species, only 24
grow exclusively above the timberline, and 15 of the
latter are endemics to the Alps {Appendix). Many of
Christ’s proposed hot spot regions corresponded
with increased SRm-values (subalpine/alpine
species), In addition, the Glarner Alps {Tédi and
Sardona ranges) and the Alps of the Rhine valleys
(Adula and Plessur ranges) were conspicuous hot
spot regions. In the map of SRmend {species
endemic to the Alps; Fig. 3), most noticeable hot
spot regions were (1) the Monte Rosa region in-
cluding the valleys of Zermatt and Saas, (2} an
extended Upper Engadine region encompassing the
western parts of the Northern Engadine Alps, (3)
the Lower Engadine, {4) the Glarner Alps (T6di and
Sardona ranges), and (5) the Adula range. Christ’s
hot spot regions resembled best the regions with
silicate substrate and the eastern parts of the Swiss
Alps. Dissimilarities were conspicuous along the
western parts of the northern front range
{Wildhorn and Saane-/Simme ranges), the Glarner
Alps, and the Adula range.

The map of SRt {total species number) in
mountain mapping areas (Fig. 4) showed, in general,
increased numbers of species in the eastern parts of
the Swiss Alps, namely in the Glarner Alps and in
the Alps of the Rhine valleys (Rhitikon, Plessur, and
Adula ranges). Surprisingly, the Matterhorn range
in the Valais was not as rich In species as the latter
region. In contrast to Figures 2 and 3, the small and
low elevated mapping areas of the northern front
range of the Alps partly showed as many species as
much larger mapping areas of the central range had
(Saane/Simme and Thur range). In this context,
Christ’s propositions in that region are plausible.

Extensive rock outcrops of different substrates
distinguish the alpine zone (Fig. 1). Depending on
the substrate, species compositions vary funda-
mentally under otherwise similar climate (e.g.
Landolt, 1992). A conspicuous life history trait of
plants is the response to substrate - be it directly by
the tolerance or the incompatibility of substrate
related to nutrient uptake, be it indirectly by com-
petitive exclusion. Thus, a majority of plants indi-
cate acidic and silicate or basic and calcareous sub-
strate. By displaying the number of plant species
endemic to the Alps {SRmend) into the two cate-
gories calcifuges and calcicoles, differences in
species richness emerged (Figs 5 and-6). Both fea-

tures reflect the limestone and silicate distribution
in Fig. 1. Hot spots of endemic calcifuges in the
extended region of Monte Rosa and the Upper
Engadine confirmed the assumption of many
botanists. In addition, between these two hot spots
the Damma and the northern Maggia ranges
(Gotthard massif) showed large numbers of calci-
fuges endemic to the Alps, too. The distribution
pattern of endemic calcicoles was virtually the ne-
gative of that of endemic calcifuges, with clear hot
spot regions of the Glarner Alps (Damma, Taodi,
and Sardona ranges), the Thur range, the Alps of the
Rhine valleys (Rhitikon and Plessur ranges) and
parts of the Engadine (Northern Engadine Alps,
Lower Engadine). The concerning regions are
characterized by a multitude of different and often
calcareous bedrock, e.g. Blindner schist or Flysch.
Only to a small degree, Christ’s hot spots corres-
ponded with these calcicoles hot spot regions.

3.3. Diversity and rarity

Figures 2-6 displayed the regional richness of
different groups of plant species. In all species
groups analyzed, numbers of calcicoles were larger
than those for calcifuges (Fig. 7). 23 % (n = 299) of
all plants reported in 196 niountain mapping areas
in the Swiss Alpine Arc were calcifuges and 36 %
{n = 464) were calcicoles. 34 % (n = 37) of the
Alpine endemics were calcifuges and 45 % (n = 49)
were calcicoles. For subalpinefalpine species, the
respective numbers were 40 % (n = 156) and 532 %
(n = 184). A reason for larger numbers of calcicoles
may be both their evolution during the evolution of
the Alps when limestone substrate covered larger
arcas than today (Merxmiller, 1952-1954;
Wohlgemuth, 2002), and differences in the survival
of the glaciation or the post-glacial re-immigration
{sect. 3.4}. From the total number of calcifuges
{n = 299), 12.4 % were Alpine endemics. In com-
parison, from 454 calcicoles, 10.6 % were endemic
to the Alps. Figure 8 revealed differences in the fre-
quency structure with respect to the substrate
classes calcifuges, neutrals, and calcicoles. There
were only few endemic calcifuges of extreme rarity
(ten species in less than ten mapping areas; 13
species in less than 25 mapping areas; Appendix). In
contrast, there were more rare endemic calcicoles
{13 and 21 species, respectively}. Whereas rare
endemic calcifuges were aggregated in the two cen-
ters of the Alpine “Massenerhebung’, i.e. the Monte
Rosa region and the Upper Engadine, rare endemic
calcicoles were more evenly distributed along the
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limestone Alps and, to some degree, aggregated in
the large hot spot region of the Glarner Alps and the
Alps of the Rhine valleys (Figs 5 and 6).

Presumably, it was not the absolute number of
subalpine/alpine species within a restricted area
that forced botanists to define hot spot regions in
the Alps. It may have been the considerable aggre-
gation of rare calcifuges endemic to the Alps,
together with a large number of subalpine/alpine
species, and, possibly, coupled with the touristic
accessibility, e.g. in Zermatt and St. Moritz. In con-
trast, statements on the richness of the large region
of the Glarner Alps and the Alps of the Rhine valleys
have not been put forward. Christ defined most of
his hot spots in the Silicate Alps. Jt seems as if he
and many of his successors overlooked the large
limestone region of the eastern Swiss Alps. The
result of diversity hot spots in the Swiss Alps also
holds for larger scales: species numbers increase
more rapidly with increasing area sizes in the
Northern Limestone Alps than in the Silicate Alps of
the Valais (Wohlgemuth, 2002).

3.4. Diversity and historical explanations

Is there a correlation between large numbers of
species and nunatak or peripheral refugial areas
during quarternary glaciation ? Results of this paper
can support both hypotheses mentioned in the
introduction (Stehlik, 2000). This holds also true

for hot spot regions of the alpine flora that were
determined for the first time in the present paper,
L.e. the Glarner Alps and the Alps of the Rhine val-
leys. For endemic calcifuges, centers of richness
coincide with the largest elevations within the Alps
on silicate substrate and confirm the nunatak
hypothesis (Brockmann-Jerosch & Brockmann-
Jerosch, 1926; Landolt, 1992). For the endemic
calcicoles, the tabula rasa hypothesis as well as the
nunatak hypothesis can be applied. Several rare
calcicoles occur on the smaller summit areas along
the calcareous northern front range (Seitter &
Hantke, 1988; Landolt, 1992; Hantke et al., 2000).
Distribution patterns of the following species sup-
port the hypothesis on the survival on northern
peripheral refugials: Papaver sendtneri Hayek,
Papaver occidentale (Markgr.) H. E. Hess & Landolt,
Alchemille splendens aggr., Viola cenisia L., Crepis
terglouensis {(Hacq.) A. Kern. (all endemic to the
Alps); Ranunculus carinthiaeus Hoppe, Ranunculus
seguieri Vill,, Draba incana L., Petrocallis pyrenaica
(L) R. Br., Viola lutea Huds., Androsace lactea L.,
Gentiana aspera Hegetschw., Tephroseris capitata
(Wahlenb.) Griseb. & Schenk, Serratula tinctoria
subsp. macrocephala (Bertol.) Wilczek & Schinz.

A reason for the large hot spot region of the
Glarner Alps and the Alps of the Rhine valleys may
be the survival of many calcicoles on nunataks. So
far, this region has not been mentioned as out-
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standing nunatak region. It may be of concern for
modern molecular phylogeography that has not yet
accumulated enough data to formulate general
principles of the history of the Alpine flora.
Nevertheless, the new discipline already confirmed
east-west differentiations and refugial patterns in
alpine mountain systems for many plant species
(Stehlik et al., 2001).

New patterns and open questions

The presented results raise questions on the
search for generalities of plant diversity in the Alps
and on the processes that created it, as well as on the
threat of the alpine flora by climate warming. Do
ecological reasons dominate over historical reasons
for present-day hot spots (Birks, 1996;
Wohlgemuth, 2002}7 Recently, attention has been
attracted to the scale-dependence of diversity and
the question of community saturation. Are plant
communities on comparable substrate, e.g. alpine
grasstands, more diverse and/or more saturated in
species-rich regions than such in species-poor
regions (e.g. Pirtel et al, 1996; Fox et al,, 2000;
Herben, 2000; Loreau, 2000) ? In the field of climate
warming and its ecological consequences, questions
focus on poleward and upward shifts of species and
communities (Grabherr et al,, 1994; Parmesan,
1999}. Is the alpine plant diversity really affected by
increasing mean temperatures (Korner & Spehn,
2002)? The distribution and diversity of alpine
plants in relation to ecologicat and/or historical fac-
tors are of growing importance in assessing the pos-
sible effects of climate change in alpine regions.
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Figure 7. Numbers of species in four species groups and
three substrate categories (calcifuge, calcicoles and neu-

trals} reported from 196 mountain mapping areas in the
Alps.

Accurate distribution data are basic data to evaluate
the corresponding threats to the Alpine flora.
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Calcifuges (37 specnes)

Primula daonensis (Leyb.) Leyb. (2), Amndrosace brevis (Hegetschw.) Ces. (3), Prmmla glutmosa Jacq. (3),
Valeriana celtica L. (3), Phyteuma humile Gaudin (4}, Sempervivum grandiflorim Haw. (4), Potentilla gram-
niopetala Moretti (5), Artemisia glacialis L. (6), Minuartia cherlerioides subsp. rionii {Gremli} Friedrich (8),
Euphrasia christii Gremli (9), Senecio halleri Dandy (14), Phyteuma hedraianthifolium Rich. Schulz (15),
Sernpervivim wulfendi Mert. & W. D. ]. Koch (24), Campanula excisa Murith (26), Geranium rividare Vill
(37), Koelerig hirsuta Gaudin (39), Eritrichium napum (L.) Gaudin (49), Taraxacum crecullatim aggr. (52),
Erigeron gaudinii Briigger (59), Senecio abrotanifolius L. (68), Adenostyles leucophylla (Willd.} Rehb. (74),
Cerastium pedunculatum Gaudin (88), Saxifragn muscoides All. (95), Buplewrum stellatum L. (102),
Androsace alpina (L.) Lam. {121), Achillen nana L. (122}, Gentiana ramosa Hegetschw. (125),. Hieracium
angustifoliun Hoppe {129), Saxifraga seguieri Spreng. (138), Hieracium intybacewm All. (144), Salix helveti-
ca Vill, (160), Alchemilla pentaphyllea L. (161}, Saxifragn bryoides L. (172), Laserpitium halleri Crantz (189},
Achillea erba-rotta subsp. moschata (Wulfen) A. Vacc, (193}, Ranunculus villarsii DC. (248), Phyteuma
betonicifolium Vill. (333)

Neutrals (20 species)

Artemisia nivalis Braun-Blanq, (1}, Alyssum alpestre L. (2), Chaerophyllum elegans Gaudin (2), Gentiana
pannonica Scop. (3}, Carex fimbriata Schkuhr (5), Thlaspi lerescheantm (Burnat) A. W. Hill {6}, Trifolim
saxatile All. (6), Rhinanthus antiguus (Sterneck) Schinz & Thell. (7), Aconitum penninum (Ser.) Géyer (15),
Gentiana schleicheri (A. Vacc.) Kunz (19), Salix caesia Vill. {26), Geranium phaeum var. lividum (UHér.) DC.
(52}, Polygala alpina (DC.) Steud. (61), Laserpitiunt gaudinii Moretti (81), Aconitum x platanifolium Degen
& Giyer {193), Viola calcarata L. (202), Epilobium fleischeri Hochst. (207), Gentiana bavarica L. (279),
Cirsitim spinosissimum (L.} Scop. {352), Peucedanum ostruthiun (L) W. D. ]. Kach (355)

Calcicoles {49 species)

Cerastiwm austroalpinon Kunz (1), Heraclewmn austriacum L. (1), Saponaria lutea L. (1), Sesleria sphaero-
cephala Ard. (1), Achillea clavenae L. (2), Draba ladina Braun-Blang. (3), Pedicularis aspleniifolia Willd.
(4), Thiaspi sylvium Gaudin (4), Papaver sendtneri Hayek (5), Saussurea alpina subsp. depressa (Gren.}
Nyman (5), Saxifraga diapensivides Bellardi (5), Papaver occidentale (Markgr.) H. E. Hess & Landolt {7),
Festuca norica (Hack.) K. Richt. (8), Taraxacum pacheri Sch. Bip. (10), Oxptropis helvetica Scheele (13),
Crepis rhaetica Hegetschw. (15), Pedicularis rostrato-capitata Crantz (15), Valeriana supina Ard. (18), Draba
stylaris W. D. J. Koch (21), Astragalus leontinus Wulfen (24), Gentiana aspera Hegetschw. (24), Gentiana
engadinensis (Wettst,) Braun-Blang. & Sam. (25), Minuartia rupestris (Scop.) Schinz & Thell. (27},
Pedicularis rostrato-spicata subsp. helvetica (Steininger) O. Schwarz (29), Crepis terglouensis (Hacq.)
A. Kern. (38), Saxifraga biflora subsp. macropetala (Engl.} Rouy & E. G. Camus (42), Viola cenisia L. (42),
Draba hoppeana Rehb. (43), Saxifraga aphylla Sternb. (48), Rumex nivalis Hegetschw. (51), Alchemilla splen-
dens aggr. (61), Saxifraga biflora AlL 5. str. (64), Campanula cenisin L. (90), Cerastium latifolitm L. {90), Salix
waldsteiniana Willd. (98), Thlaspi repens Maire (106}, Leontodon montanus Lam. (112), Festuca rupicapring
(Hack.) A. Kern. (113), Arabis caerulea (All) Haenke (118), Daphne striata Tratt. (139), Pedicularis recutita
L. {158), Leucanthentum halleri (Suter) Ducommun (163), Festuea pulchella Schrad. s. str, (164), Senecio
alpinus (L.) Scop. (172), Carex parviflora Flost (178), Achillea atrata L. (192), Oxytropis jacquinii Bunge
{197), Rhododendron hirsutum L. (209), Ranunculus montanus Willd. (365)

No indications (3 species)

Taraxacum fontanum aggr. (6), Aconitum rostratum DC. (22), Enphrasia pulchella A. Kern. (47)

Appendix: Endemic plant species of the Alps with narrow subalpine and/or alpine altitudinal distribution, arranged
according to Landolt’s indicator values for reaction (Landolt, 1977) and according to ascending frequency in 565 lowland
and mountain mapping areas (in brackets). Only species with mapped distribution were considered {Lauber & Wagner,
1998). Species that have been uniquely reported from above the timberline are written in bold letters (nomenclature
after Aeschimann & Heitz, 1996).

Memo:res 3



Alpine plant species richness in the Swiss Alps : diversity hot spots reconsidered

Literature

ABSCHIMANN, D. & C. Heirz C. (1996). Synonymie-
Index der Schweizer Flora. Documenta
Floristicae Helveticae, 1,318 p.

ARRHENIUS, O. (1921). Species and area. ]. Feol, 9,
p. 95-99.

BAUMELER, B. & R. PaLest (1996-1998). Fortschritte
in der Floristik der Schweizer Flora
(Gefisspflanzen). Bor. Helv., 106, p. 103-123;
107, p. 113-142; 108, p. 125-164.

BECHERER, A. (1972). Fithrer durch die Flora der
Schweiz. Schwabe & Co, Basel und Suttgart.
207 p.

Birks, H. J. B. (1996). Statistical approaches to inter-
preting diversity patterns in the Norwegian
mountain flora. Ecography, 19, p. 332-340.

BRAUN-BLANQUET, 1. (1923). Uber die Genesis der
Alpenflora. Verh. Naturf. Ges. Basel, 35
(Festschrift H. Christ), p. 243-261.

BriQUET, J. (1906). Le développement des flores
dans les Alpes occidentales avec apergu sur les
Alpes en général, p. 130-173. In: vON WETTSTEIN
R. et al. (eds) Résultats scientifiques du Congrés
International de Botanique Wien. Fischer, Jena.

BrOCKMANN-JEROSCH, H. & M. C. BROCKMANN-
JErOSCH (1926). Die Geschichte der schweizer-
ischen Alpenflora, p. 1110-1215. Ir: SCHROTER,
C. (ed). Das Pflanzenleben der Alpen. 2. Aufl.
Raustein, Ziirich.

CroDat, R. & R. PAMPANINI (1902). Sur la distribu-
tion des plantes des Alpes austro-orientales et
plus particuliérement d’'un choix de plantes des
Alpes cadoriques et venitiennes. Le Glabe, 41,
p. 63-132.

CHrist, H. (1879). Das Pflanzenleben der Schweiz.
Schulthess, Ziirich, 488 p.

CONNOR, E. F. & D. SEMBERLOFF (1978). Species num-
ber and compositional similarity of the
Galdpagos flora and avifauna. Ecol. Monogr., 48,
p- 219-248.

CRAWLEY, M. ]. & J. E. HaRraL (2001). Scale depen-
dence in plant biodiversity. Science, 291, p. 864-
868.

Favarcer, C. & N. GALLanD (1996). Essai sur la
diversité de la flore alpienne p. 13-29, In: VITTOZ
P. et al. (eds). Volume jubilaire J.-L. Richard. Diss.
Bot., 258, Cramer, Stuttgart.

Fox, J. W, 1. McGRrapy-5STeED, & O. L. PETCHEY
{2000). Testing for local species saturation with
nonindependent regional species pools. Ecology
Letters, 3, p. 198-206. -~

FURRER, E. (1923). Kleine Pflanzengecgraphie der
Schweiz. Von Beer & Cie., Ziirich. 331 p.

GLEASON, H. A. (1922). On the relation between
species and area. Ecology, 3, p. 158-162.

GRABHERR, G., M. GorrrrieD & H. Pauir (1994).
Climate effects on mountain plants, Nature, 269,
p. 448.

GRIME, J. P. (1979). Plant strategies and vegetation
processes. Wiley, Chichester, 222 p.

Hantke, R., G. WAGNER, W. SCHATZ & H. SEITTER
(2000). Praglaziale Florenrelikte im Rigi- und
Rrienzer-Rothorn-Gebiet. Vierteljahrsschr. Natf.
Ges. Ziirich, 145, p. 65-85.

HEerpen, T. (2000). Correlation between richness
per unit area and the species pool cannot be
used to demonstrate the species pool effect.
]. Veg. Sci., 11, p. 123-126.

JEROSCH, M. C. (1903}, Geschichte und Herkunft der
schweizerischen Alpenflora. Engelmann, Leipzig.
253 p.

Knape, C., M. BoreL & V. ATTINGER (1902).
Geographisches Lexikon der Schweiz: 1. Band.
Attinger, Neuenburg, 734 p.

KORNER, C. (1999). Alpine plant life. Springer,
Berlin, 338 p.

KORNER, C. & E. SPEHN (2002). Mowntain biodiversi-
ty: a global assessment. Parthenon Publishing
Group.

LABHART, T. (1987). Geologie der Schweiz. 4. Hallwag,
Bern, 167 p.

Lanpotr, E. (1977). Okologische Zeigerwerte zur
Schweizer Flora. Verdff Geobot. Inst. ETH,
Stifrung Riibel, Ziirich, 64, 208 p.

Lanpolr, E. (1983). Probleme der Hohenstufen in
den Alpen. Bot. Helv,, 93, p. 255-268.

Lanporr, E. (1992). Unsere Alpenflora. 6. Fischer,
Stuttgart & Jena, 318 p.

LAUBER, K. & G. WAGNER {1998). Flora Helvetica. 2.
Haupt, Bern, Stuttgart, Wien, 1614 p.

LOREAU, M. (2000). Are communities saturated? On
the relationship between o, [} and vy diversity.
Ecology Letters, 3, p. 73-76.

MEerxMOLLER, H. (1952-1954). Untersuchung zur
Sippengliederung und Arealbildung in den
Alpen. Jb. Ver. Schutz Alpenpfl. u. -Tiere, 17,
p. 96-133; 18, p. 135-158; 19, p. 97-139.

MOSER, D. M. & R. PALESE {1995-1999). Fortschritte
in der Floristik der Schweizer Flora
(Gefisspilanzen). Bor. Helv, 105, p. 131-164;
106, p. 261-278; 107, p. 271-307; 108, p. 303-329
109, p. 97-119.

73



Moser, D. M., R. PaLEsE, B. BAUMLER, A. Gycax &
N. WyLEr (1999-2000). Fortschritte in der
Floristik der Schweizer Flora (Gefisspflanzen).
Bot. Helv., 109, p. 229-252; 110, p. 79-98.

PALESE, R. & D. M. Moser {1995). Le Centre du
Réseau Suisse de Floristique (CRSF). Bot. Helv,
105, p. 117-129.

PALMER, M. W. & P. 8. WHITE (1994). Scale depen-
dence and the species-area relationship. As.
Nat., 144, p. 717-740.

Parmesan, C., N. RyrHOLM, C. STEFANESCU, J. K. HiLL,
C. D. THomas, H. Descivon, B. HUNTLEY,
L. Kaia, J. KULLsera, T. TaMMARU, W, ], HENNENT,
J. A, THOMAS & M. WargeN (1999). Poleward
shifts in geographical ranges of butterfly species
associated with regional warming. Nature, 399,
p. 579-583.

PARTEL, M., M. ZoBEt, K. ZoBeL & E. VAN DER
MAAREL (1996). The species pool and its relation
to species richness: evidence from Estonian
plant communities. Orkos, 75 p. 111-117.

PRENDERGAST, ]. R., 5. N. Woob, §. H. Lawron & B. C.
EversHam (1993). Correcting for variation in
recording effort in analysis of diversity hotspots.
Biodiversity Letters, 1, p. 39-53.

SCHROTER, C. (1908). Das Pflanzenleben der Alpen.
Eine Schilderung der Hochgebirgsflora. Raustein,
Ziirich. 1288 p.

SEITTER, H. & R. HANTKE (1988). Mogliche jingst-
tertiire Florenrelikte in der Speer-Churfirsten-
Alvier-Kette und im St. Galler Oberland. Ber. 5t.
Gall. Naturw. Ges., 83, p. 129-160,

STEHLIK, L. (2000). Nunataks and peripheral refugia
for alpine plants during quarternary glaciation
in the middle part of the Alps. Bot. Helv, 110,
p. 25-30.

STEHLIK, 1., R. HOLDEREGGER, ]. ]. SCHNELLER, R. J.
BapeoTT R. ]. & K. BacHManN {2000). Molecular
biogeography and population genetics of alpine
plant species. Bull. Geobot. Inst. ETH, 66, p. 47-
59.

STEHLIK, L, A. TriscH & P. SCRONSWETTER (2001).
Erstes gemeinsames meeting zur Phylogeogra-
phie von arktischen und alpinen Pflanzen in
Ziirich, 1.-3. Juni 2001. Bauhinia, 15, p. §9-90.

VIRTANEN, R., T. DMRNBOCK, S. DULLINGER,
G. GRABHERR, H. PauLl, M. STAUDINGER &
L. ViLLaR. (in press). Plant diversity of European
mountains - a regional synthesis. In: Grabherr
G. et al. (eds). Alpine biodiversity in Europe.
Ecological Studies. Springer.

T. Wohlgemuth

WAGNER, (3. (1995). Verbreitungsatias der Farn- und
Bliitenpflanzen der Schweiz. Nachtrige und
Ergiinzungen. Zweite Folge 1994, Zentralstelle der
floristischen Kartierung der Schweiz. Bern,
156 p.

WELTEN, M., (1971). Die Kartierung der Schweizer
Flora. Boissiera, 19, p. 97-105.

WELTEN, M. & R. SuTtrer (1982). Verbreitungsatlas
der Farn- und Blittenpflanzen der Schweiz.
Birkhduser, Basel, vol. 1, 716 p.; vol. 2: 698 p.

WELTEN, M. & R, SUTTER (1984). Erste Nachtriige
und Erginzungen zu Verbreitungsatlas der Farn-
und Blittenpflanzen der Schweiz. Zentralstelle der
floristischen Kartierung der Schweiz, Bern, 48 p.

WILLIAMSON, M, (1981). Island populations. Oxford
University Press, Oxford, 286 p.

WOHLGEMUTH, T. (1993). Der Verbreitungsatlas der
Farn- und Blittenpflanzen der Schweiz (Welten
und Sutter 1982} auf EDV. Die Artenzahlen und
ihre Abhingigkeit von verschiedenen Faktoren.
Bot. Helv, 103, p. 55-71.

WOHLGEMUTH, T. (1998). Modelling floristic species
richness on a regional scale: a case study in
Switzerland. Biodiv, Cons., 7, p. 159-177.

WOHLGEMUTH, T. {(2002). Environmental determi-
nants of vascular plant species richness in the
Swiss Alpine zone. In: KOrner C. & E. SpsHn
(eds). Mountain biodiversity: a global assessment.
Parthenon Publishing Group, p. 103-116.

Mémoires 3

wil,



