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Cushion species occur in nearly all alpine environments worldwide. In past decades, the adaptive and
ecosystem-engineering roles of such highly specialized life forms have been well studied. However, the
adaptive strategies responsible for cushion species reproductive success and maintenance in severe
alpine habitats remain largely unclear. In this study, we reviewed the current understanding of repro-
ductive strategies and population persistence in alpine cushion species. We then present a preliminary
case study on the sexual reproduction of Arenaria polytrichoides (Caryophyllaceae), a typical cushion
species inhabiting high elevations of the Himalaya Hengduan Mountains, which is a hotspot for diver-
sification of cushion species. Finally, we highlight the limitations of our current understanding of alpine
cushion species reproduction and propose future directions for study.

Copyright © 2017 Kunming Institute of Botany, Chinese Academy of Sciences. Publishing services by
Elsevier B.V. on behalf of KeAi Communications Co., Ltd. This is an open access article under the CC BY-

NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Cushion-forming plants are widely distributed in global alpine
regions and have long fascinated botanists around the world. Ac-
cording to an updated catalogue of cushion plant species by Aubert
et al. (2014), 1309 cushion-forming species belonging to 272 genera
and 63 families of angiosperms have been recorded worldwide.
Temperate Asia contains the greatest abundance of cushion species
(37.1%), followed by South America (26.7%), Europe (14.3%), Aus-
tralasia (10.4%) and tropical Asia (9.3%); North America, Africa and
Antarctic share a combined 12% of cushion species (Aubert et al.,
2014). Regionally, New Guinea, New Zealand, the Andes and Pata-
gonia, the Himalayas, the Hengduan Mountains, the European Alps
and the Pyrenees show the highest concentration of cushion spe-
cies (Boucher et al., 2016). These findings support a previous study
that suggests the Qinghai-Xizang Plateau, hosting 85 cushion spe-
cies belonging 15 genera and 8 families, is a center of diversification
for cushion plants (Li et al., 1987). Overall, the repeated
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development of cushion morphology across numerous angiosperm
clades in disparate regions of the world suggests a remarkable
convergence in the evolution of these plant species. This conver-
gence may have happened relatively recently in the history of an-
giosperms since the alpine and arctic environments where cushion
plants mainly occur are relatively young (Fine and Ree, 2006).

Studies of plant ecology and ecophysiology have shown that
cushion species form efficient heat and water traps, and cycle nu-
trients within their compact structure by accumulating litter
(reviewed by K€orner, 2003). Recent studies in community ecology
have indicated that cushion species may act as keystone species in
communities in alpine and arctic environments, by facilitating the
establishment of plant species. Furthermore, arthropods and in-
sects associate with particular fungal and bacterial communities in
the roots and rhizomes of cushion species (Roy et al., 2013), thereby
increasing diversity in alpine environments (Callaway and Walker,
1997; Cavieres et al., 2002, 2007, 2008, 2014; Badano and Cavieres,
2006a,b; Badano et al., 2006; Molina-Montenegro et al., 2006;
Cavieres and Badano, 2009; Yang et al., 2010, 2017; Reid and Lortie,
2012; Lortie and Reid, 2012; Chen et al., 2014, 2015).

Because of their ability to modify microenvironments and their
key role in alpine ecosystems, cushion species are considered
foundation species in the process of community succession in
alpine ecosystems (Molenda et al., 2012; Reid and Lortie, 2012;
Publishing services by Elsevier B.V. on behalf of KeAi Communications Co., Ltd. This
censes/by-nc-nd/4.0/).
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Sch€ob et al., 2012) and an insurance policy for diversity in alpine
communities (Cavieres et al., 2016). The stability of cushion pop-
ulations in the natural ecosystem is of great importance for their
ecosystem functions. Previous studies have examined how the
compact structures of cushion species (K€orner, 2003; Aubert et al.,
2014) and their long life-spans (Benedict, 1989; Molau, 1997;
Morris and Doak, 1998; Forbis and Doak, 2004) have enabled
them to persist in hostile environments. However, the reproductive
strategies of cushion species, which are key processes for occupying
hostile habitats and maintaining communities in these environ-
ments, have been largely ignored. The few studies that have
examined reproductive strategies have focused on a relatively small
number of species, and have been unable to draw major conclu-
sions. In this paper, we first review recent advances in under-
standing reproduction and/or community recruitment in alpine
cushion species. We then present a preliminary study addressing
sexual reproduction of a typical cushion species, i.e. Arenaria pol-
ytrichoides (Caryophyllaceae), and its relationship with one abiotic
factor (i.e. elevation) in the Hengduan Mountains. Cushion species
inhabiting high elevations of the Hengduan Mountains have been
shown to play an important role in enhancing alpine community
diversity (Yang et al., 2010, 2017; Chen et al., 2014, 2015). However,
to our knowledge, no information related to reproduction and
community recruitment of cushion species has been reported
before in this area. Finally, we highlight limitations in the current
research and propose directions for future study.

Material and methods

Publication collection and review

To collect publications referring to reproduction and commu-
nity/seedling recruitment of alpine cushion species, we searched
Web of Science (1980e2017) using the following search items:
“cushion OR cushion species OR cushion-forming” AND
Astragalus

Azorella

Diapensia

Dracophyllum, Abrotanella, P

Do

Minuartia, Paronychia

Saxifraga

11.76%

8.

2.94%

2.94%

2.94%
2.94%

2.94%

Fig. 1. Proportion of publications collected and
“reproduction OR pollination OR community recruitment OR
growth rate” AND “plant” AND “mountain OR alpine”. We also
searched these items, but in Chinese, using the CNKI (China Na-
tional Knowledge Infrastructure) database for papers, theses or
dissertations which were on alpine cushion species.

For publications that met the above criteria, we read the titles
and abstracts and retained those that: (1) were conducted in the
field in mountain regions; (2) mainly investigated or partly referred
to the growth rate, reproductive strategies (including pollination,
breeding system) or community/seedling recruitment of cushion
species. Additionally, for the retaining publications, we checked
their reference lists and if there were additional references relevant
to our study, we included them to our reference list.

As a result, we collected 34 publications on reproduction
(including pollination and breeding systems), growth rate and/or
community/seedling recruitments of alpine cushion species. These
studies referred to 18 different species, including two subspecies
and one variant, among which Silene (Caryophyllaceae) and Eri-
trichium (Boraginaceae) are the mostly studied genera, with 14
(41.18%) publications studying on Silene species (including two
subspecies and one variant) and eight (23.53%) publications on
Eritrichium species (only one species, i.e. Eritrichium numum); the
remaining 13 cushion species comprised 35.29% of the total pub-
lications (Fig. 1). Most studies were conducted in the northern
hemisphere (North America, Canada and Europe); only a few
studies were conducted in the southern hemisphere (Chile, New
Zealand, Australia). Although Asia owns the largest number of
cushion species (Aubert et al., 2014), no studies about cushion
reproduction were conducted in this area.

After reading the publications, we summarized the key results
and conclusions about growth rate, the strategies of reproduction
and community recruitment and discussed the potential generality
of these findings. Finally, based on this review and the following
case study, we outlined limitations and proposed directions for the
future work.
Silene

Eritrichium

hyllachne

natia

41.18%

23.53%

82%

cushion species investigated (genus level).
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Case study in the Hengduan Mountains

Study sites and species
This case study was performed on the Baima snow mountain at

Pujin pasture in early June (i.e. flowering time) and late September
(i.e. fruiting time) 2015. Three A. polytrichoides populations (Fig. 2)
were selected along elevational gradient, the first located at
elevation of 4380 m (hereafter ‘low site/population’; 28�26ʹ51.1100N,
099�59ʹ51.9800E), the second located at 4520 m (hereafter ‘middle
site/population’; 28�28ʹ07.9300N, 099�00ʹ01.2300E) and the third
located at 4780 m (hereafter ‘high site/population’; 28�28ʹ55.8200N,
099�00ʹ12.1100E). A. polytrichoides is a long-lived perennial herb that
forms hemispherical cushions. Vegetative growth of this plant
starts as soon as the snow cover disappears, and flowering occurs
from late May to early July (personal observations). According to
Peng et al. (2012), most alpine plants in the Hengduan Mountains
are hermaphroditic; but A. polytrichoides is a gynodioecious spe-
cies, with females and hermaphrodites coexisting in the same
population (Fig. 2). To understand the evolutionary adaptations
which allow cushion species populations to be maintained in se-
vere ecosystems, it is important to examine the reproductive stra-
tegies of such a sexual system.

This region is characterized by a monsoon climate, with annual
precipitation between 300 and 1300 mm, most of which is
concentrated during the summer (Zhang et al., 1997). The annual
mean temperature varies from below 0 �C to over 20 �C, depending
on geographical location; and the minimum and maximum values
generally occur in January and July, respectively (Zhang et al., 1997).

Flower, fruit and seed production
To determine the female frequency in each population, we

randomly selected 204, 225, 232 cushion individuals and checked
their gender morphs. The female frequency was calculated as:
number of female individuals/number of all individuals � 100%.

The number of flowers per area was counted in three randomly
placed 2 cm � 2 cm quadrates on 10 female and 10 hermaphroditic
cushion individuals in each population. The same protocol was
Fig. 2. Alpine Arenaria polytrichoides population in which female (to
used for determining the number of fruits per area. Given the dif-
ficulty in distinguishing females from hermaphrodites at the
fruiting stage, we tagged females and hermaphrodites using iron
labels with different colors during flowering time. For flower and
seed number counts, three values from each cushion individual
were averaged and taken as replicates in later analyses.

Pollen production
To compare pollen production among three different pop-

ulations, wemeasured pollen production of a single flower. For this,
two to three flowers from 10 hermaphroditic individuals were
randomly collected prior to anthesis. The petals were carefully
removed, and the anthers were stored in 1.5 ml ethanol in an
Eppendorf tube. Pollen production was determined according to
Chen et al. (2016).

Data analysis
For each population, we compared flower production between

different genders using paired-sample t tests. For seed production,
since we collected seeds from different numbers of individuals of
each gender morph, independent-sample t tests were chosen to
conduct comparisons. The differences in flowers, seeds and pollen
production among three different populations (elevations) were
tested with One-Way ANOVA, within which elevation was taken as
the independent factor and the reproductive measurements were
taken as dependent factors. All the analyses were conducted using
SPSS 16.0.

Results and discussion

Growth rate, life-span and seedling recruitment

To understand community recruitment in alpine cushion spe-
cies, relative growth rates and life-spans must be involved. All
species studied show slow growth rates, varying from 0 (or even
negative growth) to ca. 7 cm year�1 in diameter, depending on
habitat, species and life-history stage (Benedict, 1989; Gibson,
p right) and hermaphroditic (left bottom) individuals co-exist.
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1990; Morris and Doak, 1998; Kleier and Rundel, 2004; le Roux and
McGeoch, 2004; M�endez, 2011; Kleier et al., 2015). For example, the
growth rate of Silene acaulis increases slowly from the seedling
stage, reaching a maximum of 2e3 cm year�1, until surface di-
ameters measure between 20 and 30 cm, before decreasing in the
later stages of its life history (Benedict, 1989). One possible expla-
nation for this is that at the seedling stage individual plants have
relatively small photosynthetic areas and consequently allocate
available resources and energy mainly to the taproots below
ground for the absorption of soil water and nutrients. At the adult
stage (larger than 20e30 cm in diameter), the demands of water
and nutrients, in addition to the distance over which these sub-
stances must be transported from the central taproot to peripheral
growing shoot, both increase, thus resulting in a decrease in the
supply of these substances and further leading to a decrease in
growth rate (Benedict, 1989). Slow growth rates are common
among alpine plants (Agakhanyantz and Lopatin, 1978) due to the
high environmental stress of alpine ecosystems, e.g. low tempera-
ture and poor soil nutrients. Because of the slow growth rate, some
cushion species (e.g. Diapensia lapponica) may need 20 years of
vegetative growth to reach reproductive stage (Molau, 1997).
However, once these plants begin to reproduce, they are able to
reproduce for the remainder of their life history (Molau, 1997;
Morris and Doak, 1998).

If cushion species grow so slowly, one interesting question is
how they persist in alpine ecosystems. The answer seems simple:
although they grow slowly, they have very long life-spans
(Benedict, 1989; Molau, 1997; Morris and Doak, 1998; Forbis and
Doak, 2004). Many cushion species can live for centuries
(Mccarthy, 1992; Molau, 1997; Morris and Doak, 1998; Forbis and
Doak, 2004; le Roux and McGeoch, 2004), and may persist for
additional centuries. That means once the communities are estab-
lished, they will not decline for a long period. Additionally, cushion
species can produce a large number of progeny (seeds) throughout
their life history. Production of progeny should promote substantial
seedling recruitment, which is central to population maintenance
for nonclonal plant species (Forbis and Doak, 2004). Although, for
some species (e.g. Minuartia obtusiloba and Paronychia pulvinata),
the contribution of seedling establishment to population mainte-
nance may be low. For example, when the longevity of cushion life-
spans is taken into account, cushion populations are able to
maintain their stability for a long time (Forbis and Doak, 2004).
Indeed, it is a common strategy for alpine plants to have long life-
spans to adapt to harsh and unpredictable environmental
conditions (Morris and Doak, 1998; K€orner, 2003). Even so, few
other life-forms (herbaceous) in alpine ecosystems are known to
have life-spans as long as cushion species (Ehrl�en and Lehtil€a, 2002).

Sexual reproduction

Theoretical and empirical studies have predicted that alpine
plants benefit from asexual reproduction (Bliss, 1971; Klimes et al.,
1997; Milla et al., 2009) due to severe environmental conditions
(e.g. low diversity and activities of pollinators). However, existing
studies reveal that population recruitment in cushion species like
S. acaulis and Eritrichium nanum are entirely dependent on sexual
reproduction. S. acaulis is a polymorphic species that exhibits great
variation in its breeding system (Hermanutz and Innes, 1994;
Maurice et al., 1998). S. acaulis has been treated as gynodioecious
(Shykoff,1988,1992; Hermanutz and Innes,1994; Delph et al., 1999;
Delph and Carroll, 2001), trioecious (Philipp et al., 1990; Alatalo and
Molau, 2001) and subdioecious (Maurice et al., 1998). Plant sexual
reproductive strategies commonly reflect the adaptive strategies of
sexual dimorphisms under specific environmental conditions (Case
and Ashman, 2005; Ashman, 2006). Different sexual morphs
achieve reproductive success through different means, leading to
remarkable differences in their reproductive efforts (Case and
Ashman, 2005). Females, usually achieve reproductive success
through seed production (Charlesworth and Charlesworth, 1978;
Ashman, 1994; Sakai et al., 1997; Williams et al., 2000); while
hermaphrodites achieve reproductive success through both seeds
and pollen production (Charlesworth and Morgan, 1991). Accord-
ingly, hermaphrodites should have an advantage over females
because they transfer both male and female genes to future gen-
erations. It has been suggested that females are at a disadvantage in
gynodioecious populations and must gain extra advantages over
hermaphrodites in order to persist (Charlesworth and
Charlesworth, 1978; Arnan et al., 2014). For example, Shykoff
(1988) found that seeds produced by female cushion individuals
might contain more nutrients such as nitrogen because females do
not need to allocate resources to pollen production (pollen grains
contain a relatively high concentration of nitrogen, Carroll and
Delph, 1996). Hence, seeds and/or seedlings from S. acaulis fe-
males may have higher survival rates than those of hermaphrodites
because they are better provisioned (Shykoff, 1988). In addition,
females have been confirmed to have additional reproductive ad-
vantages, such as seed, capsule/ovule and fruit production (Shykoff,
1988; Hermanutz and Innes, 1994; Delph and Carroll, 2001; Lortie
and Reid, 2012), receptivity/pollen germinability of/on stigmas
(Shykoff, 1992; Hermanutz and Innes, 1994) and seedling survival
(Shykoff, 1988). Female fitness is higher than hermaphrodite fitness
when examined in relation to these traits.

The results of our case study support previous studies (e.g.
Charlesworth and Charlesworth, 1978; Shykoff, 1988, 1992; Lortie
and Reid, 2012; Arnan et al., 2014), with female cushion in-
dividuals of A. polytrichoides producing fewer flowers (d.f. ¼ 9,
P < 0.001; Figs. 2 and 3a) but more fruits and seeds (P < 0.001;
Fig. 3b and c) than hermaphroditic individuals no matter what
environmental conditions (altitudes) they experience. Increased
seed numbers should promote population expansion via seedling
establishment. These results indicate that for S. acaulis, females
achieve more fitness via seed production (female function) than
hermaphrodites, while hermaphrodites maymainly achieve fitness
through pollen exportation (male function). Thus, like many other
non-cushion species (e.g. Ashman, 1994; Delph and Carroll, 2001;
Chen et al., 2016, 2017), female cushions promote their persistence
in populations by enhancing female functions (as mentioned
above).

Like many other species, reproductive function in S. acaulis is
usually determined by ecological factors. For example, it has been
shown that the frequency of S. acaulis females in population varies
dramatically among different environmental conditions
(Hermanutz and Innes, 1994), and increases with increasing
elevation (Alatalo and Molau, 1995). Higher female frequencies
should be favored in stressful environmental conditions (Delph,
1990; Delph and Carroll, 2001) where hermaphrodites may
reduce their fruit or seed set and allocate the saved resources to
vegetative growth and maintenance, thereby enhancing their
flower and pollen production while reducing their relative seed
fitness (Lloyd, 1976), further allowing a higher frequency of females
(Delph and Carroll, 2001). In addition, reproductive traits such as
flower, ovule and seed number, as well as fruit set, were also
influenced by the environmental conditions that populations
experience (Delph and Carroll, 2001); however, the magnitude and
mode of the influence may be species specific and/or variable
depending on the environment. In addition to abiotic factors, some
biotic factors also influence the reproductive success of S. acaulis.
For example, predation by seed-sucking bugs (Nysius groenlandicus)
may lead to loss of seed mass, while simultaneously increasing the
seed germination rate and speed, and thus might benefit the



Fig. 4. Reproductive measurements of female (F) and hermaphroditic (H) cushions
among three different sites (Low: black bars; Middle: grey bars; High: empty bars).
mean ± s.e.; for flower production, n ¼ 10 for all three sites; for fruit and seed pro-
duction, low: n ¼ 63; middle: n ¼ 54; high: n ¼ 59; for each gender group, superscripts
with different letters indicate significantly different means.

Fig. 3. Reproductive measurements between female (black bars) and hermaphroditic
(empty bars) cushions at three study sites. Mean ± s.e.; for flower production, n ¼ 10
for all three sites; for fruit and seed production, low: n ¼ 63; middle: n ¼ 54; high:
n ¼ 59; **P < 0.01.
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establishment of seedlings (Lundbye et al., 2012). However, it
seems difficult to provide an explanation for how ecological factors
influence the sexual reproduction of cushion species, especially
sexual dimorphic species.

Our results show that the frequency of female cushions
increased at higher elevations, which are in agreement with
previous predictions and empirical studies (e.g. Shykoff, 1992;
Alatalo and Molau, 1995). Specifically, female cushions comprise
43% of populations at a low elevation, whereas they are 55% and
61% of populations at middle and high elevations, respectively.
However, in contrast with previous hypotheses that in populations
with higher female frequency, the selective pressure should favor
mutations that increase pollen production by hermaphrodites at
the cost of a decrease in their seed production (Lloyd, 1976; Delph
and Carroll, 2001), our results showed that hermaphroditic
A. polytrichoides cushions produce similar flowers (d.f. ¼ 2, F¼ 1.20,
P ¼ 0.316; Fig. 4a), fruits (d.f. ¼ 2, F ¼ 0.45, P ¼ 0.64; Fig. 4b), seeds
(d.f. ¼ 2, F ¼ 0.97, P ¼ 0.38; Fig. 4c) and pollen grains (d.f. ¼ 2,
F ¼ 0.764, P ¼ 0.473) among three populations, even though they
experience different environmental stresses. Similar results have
been reported in other gynodioecious non-cushion species in the
same region, e.g. Cyananthus macrocalyx (Chen et al., 2016) and
Cyananthus delavayi (Chen et al., 2017). We still lack a strong
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explanation for this finding. Pollen production of hermaphrodites
in the study region may be independent of environmental stress
and female frequency.

Overall, both previous studies and our case study indicate that
females of cushion species enhance female functions and produce
more seeds to promote their persistence in ecosystems. More seeds
should lead to advantages during population expansion via seed-
ling establishment. Additionally, females are more resistant to
harsh environments, which may indicate they easily adapt to
higher elevations and occupy new habitats therein. In contrast,
hermaphrodites of cushion species achieve fitness by allocating
resources to male functions, including advertising to pollinators
(large flower number) and pollen production. In our case study,
A. polytrichoides hermaphrodites showed conservatism in repro-
ductive outputs. Both female (seeds) and male (pollen grains)
functions seem to be independent of environmental stress. These
strategies are in direct contrast with A. polytrichoides females.

In contrast with S. acaulis and A. polytrichoides, E. nanum has a
simple breeding system, i.e. androgynous (Zoller et al., 2002; Wirth
et al., 2010a,b). Although E. nanum is self-compatible, it is pre-
dominantly outcrossed and pollinated by various generalist polli-
nators, mostly Diptera (Zoller et al., 2002). For species with simple
breeding systems, ecologists have paid more attention to the ef-
fects that ecological factors (e.g. elevation) have on their repro-
ductive success. It has been suggested that the selfing rate of plant
species should increase at higher elevations (GarcíaeCamacho and
Totland, 2009; K€orner and Paulsen, 2009) because pollinator
abundance and activity decreases at higher elevation (Arroyo et al.,
1982; Medan et al., 2002). However, studies of E. nanum found
decreased selfing rates at higher elevations (Zoller et al., 2002;
Wirth et al., 2010b). Similar results were reported for Saxifraga
oppositifolia, a cushion species in eastern Switzerland (Gugerli,
1998). It has been shown that E. nanum produces a large number
of flowers to enhance attraction of pollinators and increase polli-
nation efficiency. Moreover, Wirth et al. (2010b) attributed the
higher selfing rate at lower elevations to the unfavorable weather
conditions (low temperature) at the beginning of the growing
season of E. nanum, which limited pollinator abundance and ac-
tivities and further led to intensive selfing. In addition, seeds from
outcrossing should allow these plants to avoid inbreeding
depression and enhance the fecundity of progeny (Sakai et al.,
1997; Ramsey et al., 2006; Dufay et al., 2010), which in turn
should favor seedling survival and establishment under stressful
alpine conditions. With elevation increasing, the seed production
in E. nanum populations also increased (Zoller et al., 2005), but seed
mass decreased (Wirth et al., 2010a). The increased seed produc-
tion, attributed to the increase of population density but not the
productivity of individuals, has been suggested to favor successful
recruitment and appears to be decisive for E. nanum (Zoller et al.,
2005). Similarly, individuals of the cushion Donatia novae-zelan-
diae produced more flowers and seeds at higher elevations than
individuals at lower elevations, possibly because this cushion form
increases heat stress at low elevations to the point that fitness is
reduced (Cranston et al., 2015). Recent studies have suggested that
biotic factors such as neighborhood facilitation may play a role in
population density, but this strategy is only apparent at larger
spatial scales; at small scales, neither competition nor facilitation
has been found (Sieber et al., 2011; Wirth et al., 2011). Moreover,
E. nanum seed set was higher when growing at low conspecific
density than when growing at high density. In addition, seeds from
cushions growing at low conspecific density were more highly
outbred than seeds from cushions at high density (Wirth et al.,
2011). This indicates the population density indeed, to some
extent, determines reproductive success and may further influence
population recruitment.
Conclusion

Although the reproductive and maintenance strategies of alpine
cushions have only been studied in a very small proportion of
cushions, some common features can be elucidated: (1) species
sharing the cushion morphology usually grow very slowly but have
high adult survival rates and very long life-spans, which is sufficient
for the stability and maintenance of cushion populations; (2) for
cushion species with polymorphic breeding systems, female in-
dividuals can gain extra fitness through enhancing female functions
(e.g. high seed production and progeny quality), thus promoting
their maintenance in populations; while hermaphrodites can ach-
ieve fitness through both female and male functions, which may
vary with changes of environmental conditions (plasticity); (3)
cushion species with simple breeding systems outcross even under
more stressful conditions, probably because progeny from out-
crossing have higher fecundity than from selfing.
Directions for future studies

We have to acknowledge that there still are many gaps in our
understanding of reproduction in cushion species. Firstly, present
studies are mainly focused on Northern American and European
alpine regions; while reproductive or maintenance strategies of
cushion species is still very poorly understood in regions with
different climatic conditions, in particular temperate Asia,
including Qinghai-Xizang Plateau, HengduanMountains, which is a
hotspot for diversification of cushion species. Secondly, compared
to the large number of cushion species in the world, studies on
reproduction of cushion species are still very scarce, in particular
for those with sexual polymorphisms. Thirdly, the global climate
change is widely accepted and has proved to dramatically influence
alpine ecosystems (K€orner, 2003; Mackay, 2008), however, how
cushion reproduction responds to the global climate change re-
mains unknown (but see Cranston et al., 2015).
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