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We analysed pappus characters in 31 of the c. 34 accepted Leontopodium spp. (edelweiss). Micromorphological
pappus character states were useful for discriminating between individual species and intrageneric groups. The
pappus differs in number, length, breadth, surface structure, colour and the tips of the bristles. Several features
characterize single species, for example a unique fan-like tip that is only found in L. franchetii. Leontopodium
section Nobilia is supported by unusual pappus characters. Experimental evidence shows that the pappus of
Leontopodium, previously thought to be caducous, is well suited for wind dispersal of the fruit. One clear trend is
that species growing in sparsely vegetated, high-altitude regions often have more numerous and longer pappus
bristles, particularly on the female flowers. © 2016 The Linnean Society of London, Botanical Journal of the
Linnean Society, 2016, 182, 612–636
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INTRODUCTION

Leontopodium R.Br. ex Cass. (Gnaphalieae, Aster-
aceae), known as edelweiss, comprises c. 34 species
(Bl€och et al., 2010; Safer et al., 2011; Russell et al.,
2013; Stille et al., 2014; W. B. Dickor�e, unpubl. data).
More species, however, were recognized in earlier
surveys. In the only scientific monograph to date, by
Handel-Mazzetti (1927), 41 species were treated,
whereas Flora of China lists 58 species (Wu, Raven
& Hong, 1994). Altogether, the number of species
validly described in the genus has been c. 120, but
most of these are synonyms. In particular, limited
knowledge of patterns of growth and variation in

natural populations has led to over-estimation of spe-
cies diversity.

Leontopodium occupies many different habitats in
the Asian mountains, being spread in a largely con-
tinuous distribution in central, temperate south-east-
ern and eastern Asia (Bl€och et al., 2010). About 15
species occur in the centre of diversity in the Sino-
Himalayan region (Hengduan–Shan mountain region
in south-western China; Meusel & Jaeger, 1992;
Safer et al., 2011). Two species grow much further
west, as disjuncts in the European mountains (Meu-
sel & Jaeger, 1992; Safer et al., 2011): Leontopodium
alpinum Cass. (Pyrenees, Alps, Carpathians, Balkan
Peninsula) and L. nivale Ten. Huet ex Hand.-Mazz.
(Apennines in Italy, Pirin Mountains in Bulgaria).

Within the Leontopodium pseudanthium, female
(pistillate, male-sterile) and male (staminate,*Corresponding author. E-mail: sebastianstille@googlemail.com
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female-sterile) flowers occur in various compositions
and arrangements. Most plants are monoecious with
heterogamous inflorescences, but sometimes homoga-
mous inflorescences and occasional dioecious plants
occur. Beauverd initially believed that these sexual
variations might be of taxonomic significance, but he
later realized that this was not the case (Beauverd,
1909, 1910, 1911, 1912, 1914). Male and female flow-
ers possess a pappus formed of bristles, which are
connate in a ring at the base. Usually they are white

and have barbs formed by single cells of the outer
layer (Figs 1, 2).

The functions of the pappus of Leontopodium seem
to be various. The pappus of Asteraceae is assumed
to play a role in the wind-dispersal of the seeds
(Azuma, 2006). In garden culture of Leontopodium,
one commonly observes dry seeds being dispersed by
wind from plants, hence revealing the efficiency of
dispersal. In a small experiment that is part of this
study (see Material and Methods), we tested this

A B C D
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E F G

Figure 1. A, no structure at the end: L. microphyllum m. B, elongated ‘end cells’: L. nanum w. C, accumulation of elon-

gated cells: L. discolor w. D, tip of round cells: L. muscoides m. E, fan tip: L. franchetii m. F, tree-like tip: L. souliei m.

G, button-like barbs L. roseum m; two scale bars valid for A–G. H, bristle length: large L. nanum m. I, bristle length:

small L. artemisiifolium w. J, coloured bristle L. aurantiacum w. K, number of barbs: nearly no barbs on the bristle

L. lingianum w. L, number of barbs: some barbs on the bristle L. jacotianum m. M, number of barbs: many barbs on

the bristle L. discolor w; scale bar valid for K–M. m, male; f, female.

© 2016 The Linnean Society of London, Botanical Journal of the Linnean Society, 2016, 182, 612–636
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assumption more precisely. Handel-Mazzetti (1927),
however, pointed out that the pappus is also cadu-
cous in herbarium material, in which case it would
be useless for dispersal, but this apparently occurs
only after complete drying of the fruits. The pappus
also plays an important role in aiding release of
fruits from the maturing head, by spreading outward
with hygroscopic movements and lifting the cypselae
upward (Van der Pijl, 1982) (Fig. 3). Furthermore,
the pappus of Leontopodium potentially also has a
defensive function, offering apical protection against
predation on the fruits or ovaries (Stuessy & Garver,
1996). The pappus bristles might also help retain

moisture around the cypsela by cohesive attraction
to avoid premature desiccation, as Stuessy & Spoo-
ner (1988) suggested for one of the roles of receptacu-
lar bracts in some members of the family (e.g.
Heliantheae s.l.).

Although edelweiss is a well-known plant and
important part of the cultural heritage of the inter-
national alpine region, little research on the genus
has been conducted. In the second part of the 20th

century, some studies investigated the biology, ecol-
ogy and chorology of L. alpinum (Sokolowska-Kulc-
zycka, 1959; Maugini, 1962; Tira, Galeffi &
Dimodica, 1970; Erhardt, 1993; Hook, 1994). At the

A B C

D E F

G H

Figure 2. A, miniature barbs L. nanum m. B, long thin barbs L. monocephalum w. C, massive barbs L. discolor m. D,

thickness: big L. wilsonii w. E, thickness: medium L. franchetii w. F, thickness: thin L. ocroleucum m; scale bar valid

for D–F. G, number of pappus bristles, for example 42 L. giraldii m and 15 L. sinense w; scale bar valid for G and H. m,

male; f, female.

© 2016 The Linnean Society of London, Botanical Journal of the Linnean Society, 2016, 182, 612–636
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beginning of the 21st century, several unknown sec-
ondary metabolites were found in several species
(Stuppner et al., 2002; Dobner et al., 2003a, b, 2004;
Schwaiger et al., 2004, 2005; Speroni et al., 2006;
Hornick et al., 2008; Reisinger et al., 2009). Because
some of these compounds now show biological activ-
ity (Safer et al., 2011), interest in other species and
the whole genus has increased. To understand better
the phylogenetics and taxonomy of the genus, Bl€och
et al. (2010) and Safer et al. (2011) conducted molec-
ular phylogenetic studies and Russell et al. (2013)
and Stille et al. (2014) investigated karyotaxonomy.
A modern comprehensive systematic treatment
would be desirable, however, as little is known about

Asian Leontopodium spp. A more predictive classifi-
cation would also provide a better basis for further
pharmaceutical research (Safer et al., 2011).

Previous studies have specifically dealt with the
pappus of Leontopodium. The structure of the pappus
bristles has been examined as part of descriptions of
many new taxa, for example by Handel-Mazzetti
(1927), who used complex Latin adjectives, such as
clavato-incrassatae, paulum incrassatae, modice
incrassatae, vix incrassatae, paulum clavato-inflatae,
apice cellulis inflatis, sensim incrassatae, subclavato-
incrassatae and anguste clavato-incrassatae (Handel-
Mazzetti, 1927). Handel-Mazzetti also compared
pappus bristles with the aim of finding diagnostic

A

C

F G

H

IJ

D E

B

Figure 3. The leontopodium collection of the botanical garden Gießen: A, L. himalayanum. B, L. discolor. C, L. pusil-

lum. D, L. calocephalum. E, L. haplophylloides. F, L. dedekensii. G, L. leontopodinum. H, L. nivale. I, mature seeds of

L. sp. leave the heads by hydroscopic movement of the pappus. J, anemochorie experiment with L. sp. in a sports hall.

© 2016 The Linnean Society of London, Botanical Journal of the Linnean Society, 2016, 182, 612–636
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species characters (his prepared material is preserved
in the Natural History Museum, Vienna). He con-
cluded that special structures seem to be characteris-
tic of several species: ‘F€ur einige Arten erweist sich,
soweit Material vorliegt, eine bestimmte Form als
konstant’ [In some species, to the extent that material
exists, it proves that a certain form is constant] (Han-
del-Mazzetti, 1927). However, his observations were
limited and he did not deal with all known species at
that time.

Systematic comparative micromorphological stud-
ies on the pappus of Leontopodium are therefore
the focus for the present investigation. Thirty-one of
the 34 presently recognized species have been anal-
ysed micromorphologically. The results show that
micromorphological data from the pappus are help-
ful for detecting new taxonomic characters, forming
helpful categories, drawing systematic conclusions
and inferring relationships among species, particu-
larly in the context of recent phytochemical, molecu-
lar and karyological studies.

MATERIAL AND METHODS

PLANT MATERIAL

All investigated pappus specimens were taken from
herbarium material from GI, GOET, W and WU.
Thirty-one of the 34 Leontopodium spp. were inves-
tigated; only L. fangingense Ling, L. kurilense
Takeda and L. sp. nov. (W. B. Dickor�e unpubl.
data), for which herbarium material was not avail-
able, were lacking. All examinations were carried
out on fully developed dry fruits. Preliminary analy-
ses of selected species had shown that pappus bris-
tle structure did not differ in the investigated
characters according to the position of the flower
within the head. Male and female flowers (of most
species) from three well-determined specimens from
different geographical regions were used. The few
exceptions were due to poor availability of material
in some species. For specific character states (e.g.
unique tip structure of L. franchetii Beauverd),
more population samples were analysed. Taxa stud-
ied and detailed voucher information are listed in
Table 1.

MICROMORPHOLOGICAL OBSERVATIONS

Pappus structures were investigated using a three-
dimensional (3D) light microscope (Keyence VHX-
20000; Deutschland GmbH) and 3D digital pictures
were made. At least three pictures were taken from
each chosen pappus: one of the whole pappus (analy-
sis of bristle quantity, length and colour); one of the
tip (analysis of the structure of the tip); and one of

the lower part of the bristle (analysis of the breadth
and surface of the bristle) (Figs 1, 2).

All specimens of all species and of each sex were
included to identify character states that were
judged to be typical. In preliminary morphological
investigations, we identified categories of character
states that appeared to encompass the observed pat-
terns of variation. Seven characters of the pappus
were investigated (bristle length, colour, surface
structure, type of barbs on the surface, tip structure
and number of bristles). For each character, different
character states were defined and investigated for
each sex and each species. Some categories, such as
miniature barbs, long thin barbs or massive barbs on
the pappus bristles may well be functional, whereas
others may not contribute directly to fitness (e.g. the
angle between the bristle and a single barb). Pat-
terns of morphological distinct character correlations
were calculated and visualized using a principal
coordinate analysis (PCoA) using GenAlEx version
6.5 (Peakall & Smouse, 2012).

ANEMOCHORY EXPERIMENT

To test the efficacy of the Leontopodium pappus for
wind dispersal, a small experiment was conducted.
Several Leontopodium plants (Leontopodium sp. taken
from the botanical garden of the Justus Liebig Univer-
sity Giessen) growing in flower pots were observed for
months until the seeds becamemature and the weather
conditions were suitable for dispersal. We observed
that the seeds left the fruiting heads by hygroscopic
movement of the pappus. A hair-dryer was also used to
blow wind on the heads from a safe distance and obser-
vations were made on fruit dispersal.

RESULTS

After observing the variety of pappus structure in
Leontopodium, a system of different categories for
the description and differentiation of typical charac-
ter states was developed for each species. Other
recent studies on the pappus in other groups of
Asteraceae have suggested this as a useful way to
deal with morphological variation and for acquisition
of authoritative data (Semple & Hood, 2003). The dif-
ferent characters and states are presented in
Table 2, organized by species and sexual conditions
of the heads.

CHARACTERS AND CHARACTER STATES

Bristle tip
In many cases, the bristle tip of the pappus provides
a diagnostic character for each species or subgroup

© 2016 The Linnean Society of London, Botanical Journal of the Linnean Society, 2016, 182, 612–636
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in the genus. A group of cells forms distinctive struc-
tures at the end of the tip that can be divided into
the following subcategories.

No structure at the end (Fig. 1A): the structure of
the tip cannot be distinguished from the rest of the
bristle; it ends bluntly.

Elongated end cells (Fig. 1B): the bristle ends in
one or a maximum of two thin, elongated end cells.

Accumulation of elongated cells (Fig. 1C): the bris-
tle ends in an accumulation of elongated cells that
form small barbs; the tip is not clavate.

Tip of round cells (Fig. 1D): the cells of a clearly
distinguishable tip are not elongated but round
instead; they do not stick out of the bristle and form
no barbs.

Fan tip (Fig. 1E): the tip is extremely clavated,
and the cells are elongated and spread out, appear-
ing like a fan, because it is broader and shorter than
the tree-like tips.

Tree-like tip (see Fig. 1F): many cells of the more
or less clavate bristle stick out of the bristle and
form a clearly defined tree-like tip.

Button-like barbs (Fig. 1G): some cells form but-
ton-like barbs in the tip region.

Bristle length (Fig. 1H, I): Three character states
were established: < 3 mm; 3–4 mm; and > 4 mm.

Colour of the pappus bristles (Fig. 1J): The sexes
and species were divided into two groups: those with
normal white bristles; and those with coloured
bristles, usually slightly brown or golden especially
at the tip.

Number of barbs on the bristle (Fig. 1K–M): The
three categories in ascending order are: no (or nearly
no) barbs; some barbs; or many barbs. To make sure
that this category does not interfere with the tip, the
surface of the pappus bristle in the lowermost third
was examined.

Kind of barbs on the bristle (Fig. 2A–C): There are
three kinds of barbs: miniature; long and thin; and
massive.

Thickness of the pappus bristle (Fig. 2D–F): The
thickness was determined by counting the numbers
of cells visible in top view in the outer layer of the
pappus bristle. If containing up to three rows of
cells, the bristle was designated as thin, with four or
five cell rows as medium, and with five or more cell
rows as large.

Number of pappus bristles (Fig. 2G, H): The number
of pappus bristles was counted only on an
undamaged pappus. For this character intraspecificT
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Table 2. Characters and character states
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

L. discolor f x x x x x 16 20 25 1 3
L. jacotianum f x x x x x 31 2 7
L. microphyllum f x x x x x 1 1
L. monocephalum f x x x x x 39 13 1 2
L. roseum f x x x x x 15 22 2 7
L. villosum f x x x x x x 32 1 6
L. wilsonii f x x x x x 25 20 20 18 1 6
L. discolor m x x x x x 26 23 26 1 3
L. giraldii m x x x x x x 42 1 6
L. jacotianum m x x x x x 39 17 23 13 2 7
L. microphyllum m x x x x x 1 1
L. monocephalum m x x x x x 17 15 1 2
L. roseum m x x x x x 21 2 7
L. villosum m x x x x x x 32 1 6
L. wilsonii m x x x x x 22 21 1 6
L. aurantiacum  f cu x x x x x x 33 1 1
L. haastioides f cu x x x x x 31 1 2
L. lingianum f cu x x x x x 24 1 1
L. muscoides f cu x x x x x 21 19 24 1 1
L. aurantiacum  m cu x x x x x x 23 23 1 1
L. haastioides m cu x x x x x 62 1 2
L. lingianum m cu x x x x x 25 30 1 1
L. muscoides m cu x x x x x x 26 28 1 1
L. alpinum f eur x x x x x 21 22 18 15 16 1 3
L. nivale f eur x x x x x 29 25 17 1 2
L. alpinum m eur x x x x x 25 27 27 14 15 1 3
L. nivale m eur x x x x x 24 28 1 2
L. calocephalum  f him x x x x x 30 36 25 26 29 1 3
L. himalayanum f him x x x x x 26 30 18 1 3
L. leontopodioides f him x x x x x 26 1 4
L. leontopodinum f him x x x x x 16 21 20 20 19 21 1 5
L. nanum f him x x x x x 36 28 17 1 3
L. ochroleucum f him x x x x x 25 29 24 29 23 25 28 36  28 1 2
L. pusillum f him x x x x x 24 33 25 24 23 1 2
L. souliei f him x x x x x 23 23 20 1 3
L. calocephalum  m him x x x x x 26 26 28 23 20 1 3
L. himalayanum m him x x x x x 31 1 3
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and intra-individual variation was detected. Only
consistent counts, however, have been listed in
Table 2.

The PCoA depicted a distinct cluster for Leon-
topodium section Nobilia (Handel-Mazzetti, 1927) if
male and female fruit characteristics were evaluated
seperately. Characters 1, 4, 5, 7, 8, 10, 11, 12, 14, 18
and 21 (Table 2) for the male pappi were correlated and
depict a clear cluster for section Nobilia. The first three
coordinates accounted for 36.27, 21.25 and 19.13% of
the morphological variation, respectively (Fig. 4).

The correlation of 13 female fruit characters (char-
acters 1, 4, 7, 8, 9, 10, 11, 12, 13, 14, 18, 20 and 21;
Table 2) also resulted in a distinct cluster of taxa
belonging to section Nobilia. The first three principal
coordinates accounted for 41.36, 24.59 and 18.23% of
the morphological variation, respectively (Fig. 5). No
other section could be detected by character correla-
tion using the PCoA.

DISCUSSION

DIAGNOSTIC CHARACTERS FOR DELIMITATION OF SPECIES

Morphological data from the pappus have been
shown to be taxonomically useful for assessing rela-
tionships among species within genera of Asteraceae,
e.g in Solidago L. (Semple & Hood, 2003). In the pre-
sent study on Leontopodium, pappus characters have

also been revealed to be significant for inferring rela-
tionships. Several features are seen to be diagnostic
for particular species and these observations provide
new distinguishing characters.

The pappus tips of male flowers of L. franchetii pos-
sess a tip that is extremely clavate, with elongated and
spread-out cells as in a fan (Fig. 1E). This structure has
been found in all investigated specimens of this species
from different geographical localities and it can be
regarded as a new distinctive character.

Leontopodium microphyllum Hayata (male and
female flowers) shows a unique kind of bristle tip,
the structure of which can be seen as a newly discov-
ered distinctive feature. The structure of the tips
cannot be distinguished from the rest of the bristle:
the tip is the same and it ends abruptly and bluntly
(Fig. 1A).

The type of barbs found on the pappus bristle tips
of L. roseum Hand.-Mazz. (male and female flowers)
is characteristic for the species. These unique barbs
(Fig. 1G) are button-like, and they provide a newly
discovered diagnostic character.

Leontopodium wilsonii Beauverd and L. villosum
Hand.-Mazz. are the only two species in which bris-
tles in male flowers do not form unique tips, but
instead are similar to the bristles of female flowers.
Because the bristles of L. wilsonii are white and
those of L. villosum are coloured, however, it is easy
to distinguish the pappus between them.

L. leontopodioides m him x x x x x 24 23 22 1 4
L. leontopodinum m him x x x x x 21 18 20 28 22 18 23 24 1 5
L. nanum m him x x x x x 25 28 27 1 3
L. ochroleucum m him x x x x x 26 26 15 20 20 23 1 2
L. pusillum m him x x x x x 26 23 17 26 1 2
L. souliei m him x x x x x 35 34 30 1 3
L. andersonii f n x x x x x 22 11 3 8
L. artemisiifolium f n x x x x x 16 16 2 9
L. dedekensii f n x x x x x 22 20 2 7
L. franchetii f n x x x x x 13 14 18 18 18 13 2 10
L. haplophylloides f n x x x x x 14 14 16 13 22 15 2 7
L. japonicum f n x x x x x 21 19 19 2 9
L. sinense f n x x x x x 13 17 15 3 8
L. spec. nov. f n x x x x x 23 20 3 11
L. stracheyi f n x x x x x 20 20 19 2 7
L. andersonii m n x x x x x 18 19 3 8
L. artemisiifolium m n x x x x x 10 24 24 2 9
L. dedekensii m n x x x x x 16 19 2 7
L. franchetii m n x x x x x 18/15 12 2 10
L. haplophylloides m n x x x x x 18 20 24 17 20 19 2 7
L. japonicum m n x x x x x 21 16 19 2 9
L. sinense m n x x x x x 14 3 8
L. spec. nov. m n x x x x x 22 3 11
L. stracheyi m n x x x x x 15 2 7

Different colors indicate that the infrageneric subgroups.

Table 2. Continued

© 2016 The Linnean Society of London, Botanical Journal of the Linnean Society, 2016, 182, 612–636

PAPPUS MICROMORPHOLOGY IN LEONTOPODIUM 631

D
ow

nloaded from
 https://academ

ic.oup.com
/botlinnean/article/182/3/612/2707792 by guest on 25 April 2024



RECOGNITION OF INFRAGENERIC SUBGROUPS

On different systematic levels, morphological data
from the pappus in Asteraceae have helped in other
taxa to reveal evolutionary relationships among and
within genera. Mukherjee & Sarkarj (2001) showed
the utility of pappus features among genera broadly
in tribe Astereae and Semple (2006) likewise showed
their efficacy in subtribe Chrysopsidinae of the same
tribe. Semple & Hood (2005) also showed the positive

contributions of pappus structure for inferring affini-
ties in Symphyotrichum Nees and related genera of
Astereae. This study in Leontopodium also provides
evidence for the utility of pappus features for recog-
nition of evolutionary subgroups in the genus.

Section Nobilia has been a previously accepted
subgroup (Handel-Mazzetti, 1927), and it is con-
firmed by the results of this study. Female flowers in
section Nobilia are characterized by pappus bristles
that are never bald and never show a special
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structure on their tip. The highest number of bristles
can reach 23, but usually there are < 20. Some of the
bristles are medium-long and thick, but frequently
they are small and thick. The pappus bristles of male
flowers in section Nobilia are completely uniform,
except for three minimal deviations: they are nor-
mally thick, medium-long to short, have many large
barbs on their surface and form tree-like tips. Leon-
topodium franchetii, however, is an exception
because it forms a unique fan-like tip (Fig. 1E). The
barbs of L. sinense Hemsl. are longer and thinner
and those of L. franchetii fewer than those of the
other members of section Nobilia. The maximum
count of pappus bristles for male flowers in section
Nobilia was 24, but < 20 is usually found. This uni-
form appearance of male and female pappus bristles
separates section Nobilia from the rest of the genus.

Four Leontopodium spp. form soft, dense, � hemis-
phaerical cushions [L. lingianum (Y.L.Chen) Dick-
or�e, L. aurantiacum Hand.-Mazz., L. haastioides
Hand.-Mazz., L. muscoides Hand.-Mazz.]. They are
often seen as a subgroup, but proper evidence for
their affiliation is still missing. The results of this
study suggest that they are closely related to each
other because they share particular characters. They
have a large number of pappus bristles (always > 21)
and almost no barbs on their more or less thick bris-
tles. It is also remarkable that, with the exception of
L. lingianum (Y.L.Chen) Dickor�e, the male flowers
do not form tree-like tips as the great majority of
male flowers in the genus do.

Another subgroup comprises eight Leontopodium
spp. that grow in the Himalayan range, the Tibetan
Plateau and bordering regions. They differ with
respect to the surface of the pappus bristles in num-
ber of barbs and kind of barbs, but they are conspic-
uously uniform in terms of length (nearly all long):
the bristles of male flowers are medium or thick and
form tree-like tips [with the exception of L. calo-
cephalum (Franch.) Beauverd]; those of female flow-
ers are medium or thin and end in elongated cells.
The micromorphological uniformity of this group
supports their coherence as a subgroup. The extraor-
dinary tip of L. calocephalum, being not tree-like but
instead with an accumulation of elongated cells,
helps distinguish this species from the others of this
group.

In Figure 6, pictures of pappi (one male and one
female) show typical characters for each infrageneric
subgroup.

PHYLOGENETIC RELATIONSHIPS

Safer et al. (2011) published the most elaborate
molecular study on phylogenetic relationships in
Leontopodium, but < 50% of the species of the genus

were included. Nevertheless, a comparison of the
results shows that the data based on amplified frag-
ment length polymorphisms and the micromorpho-
logical data of this study lead to congruent results
regarding affinities. A neighbour-joining bootstrap
consensus tree (50% majority rule) shows that the
European species and the Mongolian/central Chinese
species (groups A and B) are monophyletic [bootstrap
support (BS) 100%]. For geographical reasons the
European species were not included in the Himala-
yan group, but because of identical morphological
pappus characters, it is possible to place them closely
together. Leontopodium leontopodioides (Willd.)
Beauverd and L. leontopodinum (DC.) Hand.-Mazz.
[� L. campestre (Ledebour) Hand.-Mazz.] form a sep-
arate group according to genetic data. These two spe-
cies are also part of the same Himalayan group in
this study (see above). The additional species of that
morphological group were not investigated geneti-
cally. Section Nobilia is again delimited clearly by
the molecular data.

Figure 6 shows the overlap of genetic analysis
(Bl€och et al., 2010; Safer et al., 2011) with morpho-
logical groups pointed out in this study.

DISPERSAL ECOLOGY

Our small, non-quantitative anemochory experiment
showed that the pappus of Leontopodium can serve
as a mechanism for wind dispersal. The pappus with
attached fruits flew or slipped on the ground several
metres from the blowing hair-dryer. The pappus
always remained intact, suggesting that it seems
functional for at least short-distance dispersal. More
elaborate and quantified experiments might be done
in the future.

Based on the results of this experimental and
morphological study, conclusions concerning the
dispersal biology of the species in the genus Leon-
topodium can be drawn. The distributional areas
for all examined Leontopodium spp. were compiled
and supplemented with relevant eco-factors. Areas
were divided according to potential wind dispersal
into three groups: (1) best conditions for wind dis-
persal; (2) wind dispersal might possibly be effica-
cious; and (3) wind dispersal not possible.

Leontopodium spp. that grow in regions where
wind dispersal seems to have little prospect of suc-
cess (Table 2), such as in forested regions of the sub-
tropical zone, have short, thin and inconspicuous
pappus bristles. If a plant is surrounded by plants
that are as high as the plant or even higher, wind
dispersal loses its efficiency (Sheldon & Burrows,
1973).

Species that are located in little or sparsely vege-
tated mountainous regions (Table 2) often possess a
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large number of long pappus bristles, especially on
the female flowers, which are well suited for disper-
sal of the achenes. Minami & Azuma (2003) found in
a theoretical–mathematical flight dynamics study
that these features significantly increase the effec-
tiveness of the pappus as a flight apparatus. Pappus
with seeds are known to make parachuting flights
which utilize the drag force acting on the pappus.
With longer bristle hairs this force becomes stronger
and the seeds are dispersed over a wider area. This
might be an evolutionary advantage by helping colo-
nization of larger geographical regions.

DEFENSIVE FUNCTION

The structure of male pappus bristles and espe-
cially their tips obviously cannot be interpreted
in the context of dispersal biology, because these
florets produce no fertile achenes. Nearly all
pappus bristles of male flowers show a tree-like
tip. One might hypothesize that these tips have
a defensive function to protect the infertile ovar-
ies and/or adjacent fertile ovaries in commonly
heterogamous inflorescences from predators and
water (Stuessy & Spooner, 1988; Stuessy &
Garver, 1996).

A B

C D

E F

Figure 6. Species investigated in this study arranged according to the morphological groups established in 1927 (Han-

del-Mazzetti). The overlap with results of genetic analysis (Bl€och et al., 2010; Safer et al., 2011) and with morphological

groups pointed out in this study is marked. Pictures of two pappi (one male and one female) show typical characters for

each of those groups. A, L. pusillum f. B, L. ochroleucum m. C, L. haastioides f. D, L. aurantiacum m. E, L. andersonii

f. F, L. haplophylloides m. Scale bars are valid for A–F. m, male; f, female.
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PAPPUS STRUCTURE AND POLYPLOIDY

In some genera of Asteraceae a correlation between
pappus length and polyploidy has been documented
and Semple (2006) showed such a relationship in
subtribe Chrysopsidinae (tribe Astereae). Such a cor-
relation, however, does not apply for Leontopodium.
The pappus of section Nobilia, for example, is
remarkably uniform even though different chromo-
some numbers and even ploidies exist in the group
(Russell et al., 2013; Stille et al., 2014).
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