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Abstract: Facilitation by nurse plants is one of the most commonly reported interactions between plants and is regarded as an
important factor in structuring plant communities. We used a meta-analysis to examine the generality of these effects, focusing
on cushion plants, a common life-form occurring in high-Andean ecosystems. We targeted the following questions: (1) is there
a generalized positive effect of cushions on other vascular plant species along the Andes? (2) do different species groups (i.e.,
annuals and perennials, natives and exotics) display different association responses to cushions? (3) does the nurse effect of
cushions increase with environmental severity? Results indicated that the overall effect of cushions is positive, however these
positive effects were more significant amongst exotic plants than in native plants; effects were only positive for perennial plants,
and were notably negative for annuals. The positive effects of cushions also increased with physical stress, but only for perennial
plants. These results allow us to suggest that as a whole cushions may be acting as keystone species that maintain the structure
and diversity of high-Andean plant communities. Nevertheless, since cushions also positively affect the performance of exotic

plants, we should be aware of their potential role in promoting biological invasions.

Introduction

Facilitation between plants is a non-consumptive interac-
tion that benefits at least one of the participants (for review,
see Callaway 1995). Facilitation is regarded as important in
structuring plant communities, particularly in harsh environ-
ments such as deserts (Franco and Nobel 1988, Valiente-
Banuet et al. 1991, Tirado and Pugnaire 2003), salt-marshes
(Hacker and Bertness 1995, Callaway and Pennings 2000),
rocky intertidal zones (Molina-Montenegro et al. 2005) and
high-mountain ecosystems (Callaway et al. 2002). The most
commonly reported facilitative interaction among plants is
the “nurse effect,” where a species (the nurse) interacts with
the environment to create more favourable micro-habitats
than its surroundings for germination, establishment and sur-
vival of other plants (Valiente-Banuet et al. 1991, Suzan et
al. 1996, Haase et al. 1996, 1997, Tewksbury and Lloyd
2001, Molina-Montenegro et al. 2005a). However, most of
these studies have only addressed positive effects of nurse
plants on a few focal beneficiary species, paying less atten-
tion to the potential negative or neutral impacts that such pu-
tative nurses may have on other plant species composing the
communities. For example, Olneya tesota trees have been
recognized as important nurse plants for several species in
the Sonoran Desert (McAuliffe 1984, Suzan et al. 1996), but

more recent studies have indicated that the importance of fa-
cilitation varies across species, even with negative effects on
a number of species (Tewksbury and Lloyd 2001). There-
fore, considering that facilitation may vary across species or
natural communities, it is interesting to ask whether the nurse
effect is indeed a generalized phenomenon. In this study, we
address this issue and focus on the effects of a well-recog-
nized group of nurses in South American alpine habitats: the
cushion-forming plants (cushions hereafter). This growth-
form includes recumbent plants with short internodes, closed
canopies and a subsurface accumulation of tightly-packed
living non-photosynthetic and dead plant tissues, and is one
of the best adapted growth-forms across alpine habitats
(Korner 2003). These plants comprise about 338 species
around the world, belonging to 78 genera and 34 plant fami-
lies. Approximately half of these species grow in the South
American Andes (Hauri and Schréter 1914); the most fre-
quently reported cushions belong to the family Apiaceae fol-
lowed by Asteraceae, Rubiaceae, Caryophyllaceae, Rham-
naceaec and Fabaceae (Marticorena and Quezada 1985).
Cushion plants can persist over decades or even centuries in
natural communities (Kleier and Rundel 2004, Le Roux and
McGeoch 2004). These discrete, conspicuous plants create a
marked abiotic contrast relative to the surrounding rocky mi-
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Table 1. Summary of articles included in meta-analyses (in chronological order) indicating the bibliographic reference, the cushion
species whose effects were evaluated, the geographic location, elevation and aspect of the study, and the number of plant species on
which the effects of the respective cushion were evaluated. For those studies that evaluated changes in the effects of cushions with
variations in environmental stress, the stress level (low or high) assigned to each site by the respective authors is also indicated; SS

indicates that the study was conducted considering a single site.

Reference Cushion species Geographic Elevation  Slope Number of Stress level
location aspect species

Cavieres et al. (1998) Laretia acaulis 33°S 70°W 3200 m N 26 Low

Cavieres et al. (1998) Laretia acaulis 33°S 70°W 2700 m N 33 High

Molina-Montenegro etal.  Azorella trifurcata 37°S 71°W 1400 m SW 27 SS

(2000)

Badano et al. (2002) Oreopolus glacialis 37°S 71°W 1900 m SE 18 SS

Cavieres et al. (2002) Bolax gummifera 50°8 73°W 700 m SE 25 Low

Cavieres et al. (2002) Bolax gummifera 50°8 73°W 900 m SE 34 High

Arroyo et al. (2003) Azorella monantha 50°8 73°W 700 m SW 29 Low

Arroyo et al. (2003) Azorella monantha 50°S 73°W 900 m SW 33 High

Badano and Cavieres Pycnophyllum bryoides  23°S 68°W 4400 m NW 11 SS

(2006a)

Badano and Cavieres Laretia acaulis 33°S 70°W 3200 m NW 36 SS

(2006a)

Badano and Cavieres Mulinum leptacanthum ~ 41°S 71°W 1700 m N 25 SS

(2006a)

Badano and Cavieres Oreopolus glacialis 41°S 71°W 1700 m N 24 SS

(2006a)

Badano and Cavieres Discaria nana 41°S 71°W 1700 m N 25 SS

(2006a)

Badano and Cavieres Azorella monantha 33°S 70°W 3200 m SW 56 Low

(2006b)

Badano and Cavieres Azorella monantha 33°S 70°W 3600 m SW 28 High

(2006b)

Badano and Cavieres Azorella madreporica 30°S 70°W 3700 m N 23 Low

(2006b)

Badano and Cavieres Azorella madreporica 30°S 70°W 4000 m N 16 High

(2006b)

Badano and Cavieres Adesmia subterranea 30°S 70°W 3700 m N 22 Low

(2006b)

Badano and Cavieres Adesmia subterranea 30°S 70°W 4000 m N 12 High

(2006b)

Cavieres et al. (2006) Laretia acaulis 33°S 70°W 3200 m NW 44 Low

Cavieres et al. (2006) Laretia acaulis 33°S 70°W 2800 m NW 46 High

Badano et al. (20086) Azorella monantha 33°S 70°W 3600 m NW 24 SS

crohabitats. Firstly, cushions have been reported to reduce
wind speed by up to 98% relative to their surroundings which
in turn decreases heat loss by convection (Hager and Faggi
1990), thus maintaining higher temperatures compared to the
external environment (Arroyo et al. 2003, Badano et al. 20006,
Cavieres et al. 2005, 2007). Secondly, soils below cushions
can retain more water (Cavieres et al. 1998, 2006, 2007,
Badano et al. 2006), and more nitrogen (Nuiiez et al. 1999,
Cavieres et al. 2006, Badano et al. 2006), than the soil of the
surrounding microhabitats. These microclimatic contrasts
are presumably responsible for the significant concentration
of vascular plants within cushions relative to the surrounding
microhabitats, suggesting that cushion plants are pivotal in
the maintenance of plant diversity in Andean plant commu-
nities (Nufiez et al. 1999, Molina-Montenegro et al. 2000,
Badano et al. 2002, Cavieres et al. 2002, Arroyo et al. 2003,
Badano and Cavieres 2006a). Here, we use published studies
which examined the association of other vascular plant spe-
cies to cushions and surrounding micro-habitats. Via a meta-
analysis we investigated the following questions: (1) is there
a generalized positive effect of cushions on other plant spe-
cies across the Andes? (2) do different groups of plant spe-
cies (annuals and perennials, natives and exotics) display dif-
ferent association responses to cushions? Furthermore, since
the importance of facilitative interactions between plants is
thought to increase with environmental severity (see Bert-
ness and Callaway 1994, Bertness and Leonard 1997,
Brooker and Callaghan 1998, Bertness et al. 1999, Pugnaire
and Luque 2001, Callaway et al. 2002), we also ask: (3) does

the positive effect of cushions on other species increase with
environmental severity?

Methods

Meta-analysis is a statistical tool that synthesizes the re-
sults of several independent studies to search for generaliza-
tions (Gurevitch and Hedges 1999). It has been applied in a
wide variety of ecological topics including competition, fa-
cilitation and predation (Gurevitch et al. 1992, 2000, Gold-
bergetal. 1999). To conduct a meta-analysis, each study case
has to be represented by a common estimator, the effect size,
to allow comparisons between contrasting situations — i.e.,
experimental vs. control (Rosenberg et al. 2000). Given that
we were interested in determining generalizations for the ef-
fects of cushions on plant communities, we compared the in-
cidence (i.e., the frequency of occurrence) of other vascular
plant species within vs. outside cushion plants. We con-
ducted a search of published articles containing data on the
incidence of plant species within and outside cushions. This
search was conducted in two specialized web sites: ISI Web
of Knowledge of the Thompson Corporation
(www.isiknowledge.com) and the Scientific Electronic Li-
brary Online (www.scielo.org). We found a total of nine ar-
ticles containing such information. These articles were pub-
lished between 1998 and 2006, covering the effects of 10
cushion species and indicating the incidence of 204 species
within and outside cushion plants (life span: 20 annuals, 181
perennials, 3 without classification; origin: 192 native, 12 ex-
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otics) at 22 localities in the southern Andes (Table 1). Given
that many species were present in more than one locality,
each species from each locality constituted a study case in the
meta-analysis, resulting in a total of 617 study cases. The ef-
fect size of cushions on plant species was estimated using the
odds ratio. This metric is very appropriate when the data
available are counts or frequency of occurrence. Then, odds
ratios were transformed to natural logarithm (see Rosenberg
et al. 2000, for details) in such a way that values higher than
0 indicate positive effects of cushions, values lower than 0
indicate negative effects, and 0 indicates no effects. To deter-
mine whether the overall effect of cushions on plant commu-
nities is positive, negative or neutral, the odds ratios were av-
eraged across all study cases (7 = 617) and 95% confidence
intervals were calculated. In this case, the overall effect of
cushions on plant communities is positive if the average of
odds ratios is significantly higher than 0, negative in the con-
verse situation, and neutral if 95% confidence intervals in-
clude the 0 value. To determine whether different groups of
species display different association responses to cushions,
species from each site were classified according to their bio-
geographical origin (natives or exotics), and according to
their life span (annuals or perennials). These classifications
were made following Marticorena and Quezada (1985).
Those species whose origin or life span was not clearly es-
tablished were excluded from the analyses. A meta-analysis
was then conducted separately for each group as described
above; the odds ratios of each group were averaged and com-
pared to the 0 value through 95% confidence intervals. To
further assess whether the positive effect of cushions on other
plants increases with environmental severity, we focused on
data in the five articles that have addressed this issue. For this
meta-analysis, species (427 study cases in total) were as-
signed to the level of physical stress of each of the study lo-
calities, as defined by the authors of the respective articles
(Table 1). Physical stress was reported to increase with ele-
vation in three of these articles (Cavieres et al. 2002, Arroyo
etal. 2003, Badano and Cavieres 2006b), so that species from
higher elevations were assigned to the category “high stress”
while species from lower elevations were assigned to the
category “low stress.” In the remaining two articles (Cavieres
et al. 1998, 2006), physical stress was indicated to increase
with drought, so that species from drier sites were assigned
to the category “high stress” while species from more mesic
sites were assigned to the category “low stress.” Initially, we
included all species in the meta-analysis in order to assess
whether the overall positive effect of cushions increases with
physical stress. Later, two additional meta-analyses were
conducted by grouping species according to their bio-
geographical origin and life span in order to perform factorial
comparisons of (1) origin and stress level simultaneously and
(2) life span and stress level simultaneously. Finally, differ-
ences between categories were evaluated via heterogeneity
tests using the Q statistic. Q is basically a weighted sum of
squares which follows the x2 distribution and describes the
variation in effect size between groups. A significant value
of Q indicates that the variance of the effect size among
groups is greater than expected by random chance and thus

deserves biological explanation (Rosenberg et al. 2000). We
used a fixed-effect categorized model because we assumed
that the observed variation within the range of study cases
(these studies were conducted by only one research group)
was due to sampling. All meta-analyses were conducted with
METAWIN 2.0 (Rosenberg et al. 2000).

Results

The overall effect size of cushions on high-Andean plant
communities was significantly positive when all plant spe-
cies were included in the meta-analysis (Figure 1). Positive
effects of cushions were also indicated for both native and
exotic plant species, but the effect on exotics was signifi-
cantly higher than the effect on natives (heterogeneity test,
Q =59.15, P <0.05, Figure 1a).

A different pattern was observed when the meta-analysis
included the life span of species as a grouping factor. Here,
the effect of cushions on perennial species was positive,
while in annuals it was negative (heterogeneity test, Q =
605.81, P <0.05, Figure 1b). When species were categorized
according to the level of physical stress experienced by their
respective study site, the effect sizes indicated that the overall
effects of cushions on plant communities were positive at
both stress levels. Nevertheless, the positive effect of cush-
ions was significantly higher at the high-stress level than at
the low-stress level (heterogeneity test, Q = 85.03, P < 0.05,
Figure 2). When combining the biogeographical origin of
plants and stress levels, a significant variation among condi-
tions was detected (heterogeneity test, Q =193.86, P <0.05).
At high stress, the positive effect of cushions on exotic plants
was significantly higher than on native plants (Figure 3a). On
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Figure 1. Effect size of cushions plants on high-Andean plant
communities (» = 617). a: on natives (n = 561), overall effects
and on exotics (n = 46); b: on annuals (» = 47) and perennial
species (n = 568). The vertical dashed line indicates the 0 value.
Effects are significantly positive or negative if the 95% confi-
dence intervals of the effect size do not include 0.
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Figure 2. Effect size of cushions on high-Andean plant commu-
nities from sites with high (» = 202) and low (n = 225) levels of
physical stress. Interpretation of graph is identical to Figure 1.
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Figure 3. Effect size of cushions at high and low levels of
physical stress on a: native (high stress n = 185; low stress n =
209) and exotic (high stress » = 17; low stress n = 16) plants; b:
annual (high stress n = 15; low stress » = 18) and perennial
(high stress n = 187; low stress n =207) plants. Interpretation of
graph is identical to Figure 1.

the other hand, at low stress these positive effects were only
detected for exotic species, while neutral effects were de-
tected for native plants (Figure 3a). Combining life span and
stress levels also indicated significant variation among con-
ditions (heterogeneity test, Q = 193.86, P < 0.05). In fact,
cushions positively affected perennial species at both high
and low stress levels, but the size of such effect was higher
at the high stress level (Figure 3b). Conversely, the effect of
cushions on annual species was negative at both stress levels
(Figure 3b).

Discussion

Our results indicate that the overall effect of cushion
plants on other high-Andean plant species is positive. Since
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our meta-analysis included several cushion species and cov-
ered their effects along almost the entire range of the south-
ern Andes (see Table 1), this finding allows us to suggest that
cushions are nurses for most vascular plants. These positive
effects of cushions clearly agree with local studies of the abi-
otic modifications resulting from the presence of cushions in
environments originally composed of bare soil and rocks
(i.e., more nutrients, greater water supply and more homoge-
neous thermal conditions relative to their surroundings).
However, irrespective of the underlying mechanisms, the
nurse effect of Andean cushions on plant communities seems
to be a generalized phenomenon across Andean environ-
ments. Interestingly, the meta-analysis revealed that the
nurse effect of cushions seems to be stronger on exotic rather
than native species (see Figure 1a). Such disproportionate
positive effects of cushions on exotic species may be medi-
ated by two mechanisms: cushions provide resource oppor-
tunities for exotics, thus increasing their tolerance to bi-
otic/abiotic stress. Resource opportunities arise when the
resources that an exotic species needs are readily available
(Shea and Cheeson 2002). Then, given the ability of cushions
to ameliorate extreme abiotic conditions and provide higher
concentrations of resources compared to the surrounding
habitat, they may provide invasion opportunities for exotic
plants (Badano et al. 2007). Despite the overall positive ef-
fect of cushions on high-Andean plant species, drastically
different association patterns were observed when the effects
of cushions were analyzed separately for species with differ-
ent life spans. While perennial species displayed a strong
positive association response to cushions, annual species dis-
played a strong negative association (see Figure 1b). These
differences in association responses may be linked with dif-
ferences in the life history of these groups. Annual plants
often avoid physically stressful conditions and strong com-
petition by investing heavily in rapid development and early
flowering, restricting their life span to seasons with favorable
environmental conditions (Lamberts et al. 1998). They are
therefore not reliant on the abiotic conditions provided by
nurse plants. Furthermore, annual plants may be excluded
from resident plants of cushion plants by competition. On the
other hand, because of their longevity, perennials cannot
avoid physically stressful periods, which therefore repeat-
edly affect their performance during their life span (Lamberts
etal. 1998). Thus, the strong nurse effect of cushions on per-
ennials may be a consequence of long-term responses, where
the benefits of this association overcompensate for any pos-
sible competitive disadvantage, especially at early stages of
the life cycle. Our meta-analysis also revealed that the facili-
tation of cushions increases with environmental severity (see
Figure 2), for both native plants and particularly for exotic
species (see Figure 3a). This strong positive effect on exotic
plants suggests that cushions are promoting the spread of ex-
otic plants towards more stressful habitats of the high Andes.
In fact, recent experimental evidence suggests that the sur-
vival and growth of the exotic plant Cerastium arvense are
significantly enhanced by cushion plants (Badano et al.
2007). Despite the nurse effects of cushions on perennial spe-
cies increasing with environmental severity, strong negative
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effects were detected at both high and low stress levels for
annual plants (see Figure 3b). Positive responses of perenni-
als to nursing by cushions agree with theoretical models
which predict an increase in positive plant-plant interactions
with increasing physical stress (see, Bertness and Callaway
1994, Brooker and Callaghan 1998, Michalet et al. 2006).
Conversely, the negative responses of annual plants to cush-
ions depart from theoretical and empirical expectations, a
finding that deserves further empirical research.

Given the conspicuousness of cushion plants across the
southern Andes, and given their strong positive effects on
other species, we confirm the fact that cushions may be act-
ing as keystone species that maintain the structure and diver-
sity of high-Andean native plant communities. Nevertheless,
positive plant responses to cushion plants seem to be idiosyn-
cratic, resulting in annuals being inhibited by cushions, while
perennial and exotic plants are facilitated. Paradoxically, in
the context of the conservation of the Andean flora, we
should be aware of the potential role of cushion plants in in-
creasing plant diversity via the promotion of biological inva-
sions.
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