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Abstract Few studies have compared the response of
native and invasive populations under stressful condi-
tions. Furthermore, there is little consensus as to whe-
ther a plastic response is related to invasiveness in
stressful environments. Exotic species have recently been
reported in the high Andes of central Chile, where
individuals have to cope with drought and poor soils, in
addition to extreme temperatures. We explored if the
exotic species Taraxacum officinale (dandelion) has
plastic responses to soil moisture and nutrient avail-
ability, and whether two sets of alpine populations de-
rived from native and introduced populations can
converge to similar plastic responses to environmental
constraints. Using a common garden approach, we
compared plants grown from seeds collected in alpine
populations of its native range (Alps, France) and in
alpine populations of its introduced range (Andes,
Chile) under a drought experiment, a potassium gradi-
ent, and a nitrogen gradient. Plasticity was only found as
a response to drought. Moreover, different responses
were found between both origins. Andean individuals
are drought-resistant, while individuals from the Alps
were drought-sensitive. According to the nutrient
experiments, Andean dandelions behave as a nitrogen
demanding-potassium avoiding species, whereas indi-

viduals from the Alps did not show any particular
dependency or repulsion tendency to either of these two
nutrients. Results suggest that differences in life history
traits of both derived sets of populations may have an
important role in determining the response of dandeli-
ons under the evaluated conditions. However, the rela-
tive importance of genetic adaptation in these responses
is still unclear. Although T. officinale is a cosmopolite
weed, this is the first study that compares individuals
coming from its native and invaded range under stressful
conditions.
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Introduction

The physical environment plays a pivotal role as a filter
for successful plant invasions (Chaneton et al. 2002;
Dybdahl and Kane 2005; Lake and Leishman 2004;
Suding et al. 2004). It has been suggested that stressful
abiotic conditions constrain plant invasions (e.g., Rich-
ardson et al. 2000; Williamson and Fitter 1996). Hence,
the overcome of the barrier imposed by the physical
environment is a key step for the invasion success in an
extreme environment. Although scarce, there are exam-
ples of successful invasions in stressful habitats (e.g.,
alpine habitats: Dullinger et al. 2003; semiarid habitats:
Eggemeyer et al. 2006; salt-marshes: Dethier and Hacker
2005). In these cases, the possession of attributes that
enable exotic species to overcome the stressful abiotic
conditions of the invaded habitat should be important
for explaining the invasion success.

Plasticity has been defined as the ability of an
organism to adjust its performance by altering its mor-
phology and/or physiology in response to varying envi-
ronmental conditions (Sultan 1995). It has been
suggested that plasticity could play an important role in
explaining successful biological invasions (Sexton et al.
2002; Richards et al. 2006). According to Richards et al.
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(2006), pre-existing plasticity in ecologically important
traits would promote invasiveness after arrival to a new
habitat because it allows the exotic species to cope with
the environmental heterogeneity of the invaded habitat.
Alternatively, plasticity of these ecologically important
traits may evolve rapidly in introduced habitats and
thereby contribute to invasion success after a lag time
(e.g., Williams et al. 1995; Sakai et al. 2001; Lee 2002).
Once naturalized, introduced populations will experi-
ence new local selection pressures. Then, recombination
of genetic variation among introduced individuals can
provide a range of heritable phenotypes to respond to
local selection pressures and produce offspring with
higher fitness (Ellstrand and Schierenbeck 2000). How-
ever, few studies have compared the behavior of exotic
and native populations of invasive species under stress-
ful conditions, and whether differences in plasticity
could be responsible for the success of the species in the
invaded range (Kaufman and Smouse 2001; DeWalt
et al. 2004; see review of Bossdorf et al. 2005). The scarce
available evidence for differences in plasticity between
native and introduced individuals under stressful con-
ditions is still contradictory.

Alpine habitats are well known for their severe
environmental conditions (Chambers 1995; Nilsson
et al. 2002; Körner 2003). In temperate zones, alpine
habitats have strong winds, short growing seasons, high
solar radiation, low temperatures and low nutrient
availability, especially nitrogen (Billings 1974; Körner
2003). In addition, alpine species could undergo drought
stress, which is an important mortality factor for seed-
lings (Ehleringer and Miller 1975; Bliss 1985). Despite
these extreme conditions, some studies have begun to
report exotic species establishing in alpine environments
(Arévalo et al. 2005; Becker et al. 2005; Cavieres et al.
2005; Daehler 2005; Mc Dougall et al. 2005; Parks et al.
2005; Andersen and Baker 2006). Invasive species of
alpine habitats are expected to have high germination
and high growth rates to cope with the short growing
season, as well as the ability to tolerate drought and very
low soil nutrient levels.

Alpine populations are derived from larger source
populations occurring at lower altitudes. Therefore,
attributes of alpine individuals (such as plasticity) de-
pend on the attributes that are already present in indi-
viduals from lower altitudes. Considering that
introduced species usually undergo major genetic bot-
tlenecks following their introduction (Sakai et al. 2001),
it is expected that such genetic changes will be reflected
in derived alpine individuals. Hence, it is expected that

alpine individuals from the introduced range show dif-
ferent responses in front of diverse abiotic conditions
than alpine individuals from the native range.

Taraxacum officinale Weber (dandelion) is an inva-
sive weed that was introduced to Chile from Europe ca.
150 years ago (Matthei 1995). In its native range, T.
officinale is present in alpine environments, although it is
mostly restricted to disturbed sites (data not shown) that
are expected to be more fertile than adjacent undis-
turbed alpine soils (Vitousek et al. 1979; Chambers et al.
1990). However, in central Chile, this exotic species has
been found growing abundantly in alpine zones, either in
disturbed sites or in undisturbed natural communities
(Cavieres et al. 2005).

Due to the influence of the Mediterranean-type
climate, drought conditions in the Andes of central
Chile are more accentuated than in the majority of the
mountains in the Alps (Cavieres et al. 2006). In
addition, due to its intrusive volcanic origin, soils in
the high-alpine zone of central Chile have very high
amounts of phosphorous and potassium (Table 1).
Therefore, it can be expected that Taraxacum officinale
individuals invading the Andes should be able to cope
with low amounts of nitrogen (as occur in most of the
alpine environments), and high amounts of potassium
and phosphorous, as well as drought.

The aim of this study was to explore if Taraxacum
officinale has plastic responses to soil moisture and soil
nutrient availability (Nitrogen and Potassium), and
whether two sets of derived alpine populations from na-
tive and introduced populations show similar responses to
environmental constraints. Using a common garden ap-
proach, we compared the performance of plants grown
from seeds collected in an alpine environment from its
native range, the Alps (France), and an alpine environ-
ment from its introduced range, the Andes (Chile).

Methods

Target species

Taraxacum officinale (Asteraceae) (dandelion) is native
to Europe, but is now found in most countries of the
world (Holm et al. 1997), where it is considered as a
noxious weed in several countries (Holm et al. 1997). It
is a stemless, deeply rooted perennial herb having a thick
taproot and leaves in rosettes at the soil level. Each plant
has one or more 2–5 cm diameter capitula or flower
heads terminally positioned on 5–45 cm long, hollow,

Table 1 Matric potential (Wm),
nitrogen (N), phosphorous (P)
and potassium (K) found in
Andean soils, matric potential
obtained in the drought
treatment and nutrient amounts
used in gradients of N and K
used in greenhouse experiments

Andean
soils

Drought
treatment

Nitrogen
gradient

Potassium
gradient

Wm (KPa) �31 + 1.98 �30 + 1.01
N-NO3 (mg/kg) 12.90 ± 1.63 4 – 17– 30 13
P (mg/kg) 13.63 ± 1.29 14 14
K (mg/kg) 321.37 ± 32.59 320 130 – 415 – 700

176



cylindrical peduncles. Each capitulum has a composite
of 50–250 small bright yellow ligulate or ray florets
(Holm et al. 1997). Propagules are mainly dispersed by
wind. T. officinale is generally apomictic, although sex-
ually reproducing biotypes have been described. Asexual
T. officinale plants are mostly triploids (Richards 1973).
Genetic variation existing among asexually reproducing
dandelions is likely to have come exclusively from either
mutations or multiple origins of the clones detected
(Ellstrand and Roose 1987). However, some traces of
sexual recombination have been found in some triploid
asexual populations, contributing to the genetic varia-
tion of those populations (Van der Hulst et al. 2000).

Although this species is widespread in Europe, the
first collection of this species in Chile corresponds to
1870, in the city of Santiago. From that date, multiple
introductions have probably toke place (Matthei 1995).
Since our study area is about 50 km away from this city,
it seems unlikely that this species has been present for
more than 100 years in our sampling area or the Andes.

Seed collection

Bulk seed collections of >50 Taraxacum officinale
individuals were made in the Queyras Mountains at
>2,000 m elevation, in the South Western French Alps
(native range), and in the Molina River valley at
>2,500 m elevation in the central Chilean Andes
(introduced range). We sampled more than two high-
altitude populations in both localities. Seeds from the
Alps were collected from individuals found in anthrop-
ically disturbed areas (Alps), whereas seeds from the
Andes corresponded to individuals located in undis-
turbed habitats or anthropically disturbed areas.

Although we cannot demonstrate that individuals
generated in disturbed and undisturbed sites are similar,
Rogstad et al. (2001) showed in clonal populations of T.
officinale present in North America that seed dispersal is
able to maintain the same ‘‘clonal families’’ at short dis-
tances and at distances as high as hundreds of km. Based
on this evidence,we assume that similar clonal lineages are
present in disturbed and undisturbed sites in the sampling
area located in the Andes. Since Rogstad et al. (2001) also
showed that genetic diversity is similar both at small scales
(few meters) and at large scales (hundreds of km), we are
confident that possible differences in the area from which
seeds were collected will not influence the genetic diversity
that was included in all treatments.

Taraxacumofficinale individuals found in the study area
of theAndes have been found tobe triploid (L. SanMartin,
unpublished data). Hence, we can expect that they repro-
duce asexually. On the other hand, it has been described
that T. officinale individuals occurring in the study area of
the Alps can be sexual or asexual (Verduijn et al. 2004).
Unfortunately, there is no information about the ploidy
levels of the high-altitude populations sampled for this
study. Nevertheless, in areas where the ranges of sexual
and asexual individuals overlap, the range of asexually

reproducing individuals usually extends to higher altitudes
where abiotic conditions are more severe (Bierzychudek
1985). Thus, it seems likely that for both origins we are in
presence of asexually originated individuals.

Seedling preparation

Seeds were carried to the laboratory in Chile where
random samples of seeds were germinated in Petri dishes
at 20�C and a photoperiod of 12 h light. Emerged
seedlings from the two origins of T. officinale were
planted into one-liter plastic pots and randomly assigned
to the different experiments explained below. These
experiments were carried out in the greenhouse located
in Universidad de Concepción, Concepción, Chile (36�S,
73�W), where the mean maximum and minimum tem-
peratures during the experiments were 24 and 12�C,
respectively.

Drought tolerance

To compare the response of Taraxacum officinale from
both origins to drought, individuals from both origins
were exposed to two soil moisture levels, drought and
control. The drought treatment mimicked the soil matric
potential that is found in the Andes of central Chile
during the driest period of the growing season (Table 1).
Forty-one-month-old seedlings of each origin were
planted in one-liter pots filled with a mixture of com-
mercial soil and sand (50:50). Twenty seedlings were
assigned to one of the two following irrigation treat-
ments: (a) addition of 100 ml of water every 2 days
(hereafter control) and (b) addition of 100 ml of water
every 5 days (hereafter drought). This design resulted in
20 replicates · 2 moisture levels · 2 origins = 80 pots
in total. Pots were placed in the greenhouse, where their
final position was randomly assigned. The experiment
was maintained during 2 months, and at the end of this
period we recorded survival and flower production.
After 2 months, surviving individuals were collected and
their final biomass was measured. The root:shoot ratio
of surviving plants was also calculated.

Nutrient gradient

To compare the response of Taraxacum officinale from
both origins to varying levels of soil nutrients, we used
levels of N, P and K that are commonly found in alpine
soils of the Andes of central Chile (Table 1). Individuals
from both origins were grown at three levels of potas-
sium and three levels of nitrogen, whereas P level was
maintained constant in both gradients. Ninety-six
1-month-old seedlings of each origin were planted in
one-liter pots filled with commercial vermiculite. We
randomly selected groups of 16 seedlings that were
assigned to each of the following treatments. The three
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levels of potassium treatment consisted of a weekly
addition of (a) 170 ml of a mineral solution with a low
level of potassium (0.004602 mol K2SO4/l, hereafter K1,
dissolved in 0.00095 mol Ca(NO3)2/l, 0.002 mol MgSO4/
l, 0.0006 mol NaNO3/l, 0.00128 mol NaH2PO4/l and Fe-
EDTA chelated trace metals), (b) 170 ml of a mineral
solution with an intermediate level of potassium
(0.01472 mol K2SO4/l, hereafter K2, dissolved in the
same solution mentioned above), or (c) 170 ml of a
mineral solution with a high level of potassium
(0.02502 mol K2SO4/l, hereafter K3, dissolved in the
same solution mentioned above). The three levels of
nitrogen treatment consisted of a weekly addition of (a)
170 ml of a mineral solution with a low level of nitrogen
(0.0004 mol urea, hereafter N1, dissolved in 0.002 mol
MgSO4/l, 0.00128 mol NaH2PO4/l, 0.005 mol CaCl2/l,
0.023 mol KCl/l, Fe-EDTA chelated trace metals, and),
(b) 170 ml of a mineral solution with an intermediate
level of nitrogen (0.0017 mol urea, hereafter N2, dis-
solved in the same solution mentioned above), or (c)
170 ml of a mineral solution with a high level of nitrogen
(0.003 mol urea, hereafter N3, dissolved in the same
solution mentioned above). Pots were watered two times
per week with 170 ml of distilled water, and once a week
with the nutrient solutions.

This design resulted in 16 replicates · 3 nutrient lev-
els · 2 nutrient gradient · 2 origins = 192 pots in total.
Pots were placed in the greenhouse, where their positions
were randomized. Treatments were applied during 2
months, and at the endof this periodwe recorded survival,
final biomass and root:shoot ratio of surviving plants.

Statistical analyses

In both experiments, survival was analyzed with a two-
tailed proportions test. In the drought experiment, mor-
phological and reproduction data did not fit the
assumptions for parametric statistics. Thus, final
biomass, root:shoot ratio and the number of capitula
produced per plant were analyzed with Mann-Whitney
non-parametric paired tests. Comparisons were made
among every origin and treatment. Since non-parametric
tests do not allow to explore interactions between two
predictor variables, we used the following procedure for
comparing the change in some attributes (final biomass,
root:shoot ratio, number of capitula) between the two
origins along each gradient. First, for each attribute we
calculated for each individual the quotient between the
value obtained in the drought treatment and the mean
value obtained in the control. After that, individuals of
different origin (Andes vs. Alps) were comparedwith one-
way ANOVAs (final biomass and root:shoot ratio), or a
Mann-Whitney U test (number of capitula) when
assumptions of normality were not met. Root:shoot val-
ues were log transformed to fit assumption of homoge-
neity of variance. In the nutrient gradient experiments,
final biomass and root:shoot ratio were analyzed with
two-way ANOVAs. Post-hoc comparisons were made by

Tukey HSD for unequal sampling sizes, including both
origins and the three levels of the gradient. All statistical
analyses were performed with Statistica 6.0.

Results

Drought tolerance

Individuals from the two origins differed in their re-
sponses to drought. Survival of individuals from the
Andes was similar in both irrigation treatments (Fig. 1a,
Table 2). In contrast, individuals from the Alps showed
lower survival under drought compared to the control
individuals (Fig. 1a, Table 2). Individuals from the Alps
showed lower final biomass with drought (U = 9.5;
P < 0.01), whereas Andean individuals did not differ in
final biomass between the two irrigation treatments
(U = 33.5; P = 0.21) (Fig. 1b, Table 3). Although
individuals from both origins increased their root:shoot
ratio in drought (U = 16; P < 0.05 and U = 4;
P < 0.001 for the Andes and the Alps, respectively),
this increment was higher in individuals from the Alps
(F1,18 = 19.40; P < 0.01) (Fig. 1c, Table 3). With
drought, both origins produced lower number of capit-
ula compared to control (Fig. 1d), and the decrease in
the number of capitula produced per plant did not differ
between origins (U = 40.0; P = 0.450). Notice that
plants from the Alps produced no capitula in the hars-
hest conditions.

Nutrient gradient

Potassium gradient

Alpine individuals showed higher survival along the two
higher gradient potassium levels, compared to Andean
individuals (Fig. 2a, Table 2). Individuals from the Alps
showed the same survival along the three potassium
levels, whereas individuals from the Andes decreased
survival at the highest level of potassium (Fig. 2a,
Table 2). Individuals from the Andes reached lower
biomass than individuals from the Alps across the
potassium gradient (F1,64 = 5.70; P < 0.05) (Table 4),
with no changes among the different potassium levels
(F2,64 = 0.71; P = 0.49) (Fig. 2b, Table 4). The root:-
shoot ratio of both genotypes did not change along this
gradient (Fig. 2c, Table 4).

Nitrogen gradient

Although total survival was higher in Alpine individuals
along the entire gradient compared to Andean individu-
als, this difference was only significant at the intermediate
level (Fig. 3a, Table 2). The highest survival was found in
the intermediate level of nitrogen for individuals from the
Alps, while for individuals from the Andes it was found at
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the two higher levels (Fig. 3a, Table 2). Individuals from
the Andes reached lower biomass than individuals from
the Alps (F1,40 = 9.88; P < 0.01) across the entire
nitrogen gradient (F2,40 = 0.56; P = 0.58) (Fig. 3b,
Table 5). Regarding the root:shoot ratio, Andean indi-
viduals allocated more resources to the roots than Alpine
individuals (F1,40 = 11.69; P < 0.01) across the entire
gradient (F2,40 = 0.31; P = 0.73) (Fig. 3b, Table 5).

Discussion

The individuals of T. officinale used in this study come
from two high-altitude origins, the Andes and the Alps.
Although the Alpine dandelions belong to the native
range and the Andean dandelions, to the introduced
range, both can be considered as derived populations of
lower-altitude populations, that had acted as a source of
propagules dispersed by wind, cattle, and humans to
higher elevations. Therefore, individuals originating in
these habitats will not only reflect the genetic pool of the
lower-altitude populations of origin, but also the results
of new selective pressures that are present in high-alti-
tude environments.

Although there was no indication of plasticity in the
two gradients of soil nutrients examined, individuals
from both origins differed in their plasticity under
drought. With drought, individuals from both origins
showed plasticity in the root:shoot ratio, increasing
allocation to below ground biomass. However, this
change in biomass allocation was bigger in individuals
coming from the Alps. This change in biomass alloca-
tion is a common strategy to drought that allows plants
to increase their water absorption surface (Larcher
2003). Nevertheless, despite the higher allocation to
belowground biomass in individuals from the Alps, this
was not translated into a higher fitness compared to
individuals from the Andes. While individuals from the
Alps showed lower survival and reached lower biomass
with drought, individuals from the Andes maintained
the same survival compared to the control. Indeed, they
produced flowers under drought. Therefore, Andean
individuals can be considered as drought-resistant, while
Alpine individuals were drought-sensitive.

In the context of an exotic species growing in a
stressful environment, plasticity in a certain trait is un-
likely to have any effect on invasiveness unless that
plasticity contributes to fitness in that particular habitat
(Richards et al. 2006). Our results suggest that the An-
dean population (introduced origin) does not show great
plasticity under drought. Nevertheless, this lack of
plasticity is not related to negative consequences in
individual fitness, in terms of survival and reproduction.
In the dry growing season occurring in central Chile, the
ability to tolerate drought can make the difference
between a successful establishment or not (Cavieres et al.
2006). Therefore, differences observed in drought resis-
tance between the two origins of T. officinale might be
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influenced by differences in specific abiotic conditions
between both environments. The ability to cope with
drought found in the Andean dandelions may be part of
the reason for their success in this part of the Andes.
Nevertheless, this ability was accompanied by a high
nutrient sensitivity in terms of survival. Survival of the
Andes individuals was negatively affected towards
increasing levels of potassium and lower levels of
nitrogen, whereas survival in dandelions originated in
the Alps was not negatively affected by the nutrients
availability. Hence, Andean individuals behave as a
nitrogen demanding-potassium avoiding species,
whereas Alpine individuals did not show any particular
dependency or repulsion tendency to either of these two
nutrients. In the central Chilean Andes, T. officinale is
very abundant in anthropically-disturbed sites (Cavieres
et al. 2005), which are characterized by higher levels of
nitrogen but lower levels of potassium compared to
undisturbed soils (Quiroz CL, unpublished data). This
last might explain the responses observed for the Andes
origin under nutrient availability. Despite the fact that
potassium is an essential nutrient for plant growth (Taiz
and Zeiger 1998), high concentrations of this cation in
the soil have been reported to have negative effects in
plants (Russel and Russel 1959). According to this, we
presume that T. officinale from the Andes is more
damaged by higher levels of potassium than their
counterparts from the Alps.

Although T. officinale is distributed worldwide
among a great diversity of environments, this is the first
study that compares plastic responses of individuals
occurring in the native and invaded ranges under
stressful conditions. Actually, the ability of this species
to tolerate stressful conditions has only been examined
in presence of native co-occurring species in the intro-
duced range and in the native range separately (Brock

et al. 2005; Tsialtas et al. 2004). Despite the general
assumption that T. officinale presents a plastic strategy,
the few studies that have actually evaluated phenotypic
plasticity for this species (Tsialtas et al. 2004; Brock
et al. 2005, this study) have not found evidence to sup-
port this common assumption.

The scarce available evidence for differences in plas-
ticity between native and introduced individuals of other
invasive species occurring under stressful conditions is
still contradictory. For instance, Kaufman and Smouse
(2001) compared plasticity of Melaleuca quinquenervia
using two soil moisture levels (moist unsaturated soil and
flooded soil) and found more phenotypic plasticity in
individuals from the introduced range than from the
native range. In contrast, DeWalt et al. (2004) found
little evidence of differences in plasticity between intro-
duced and native genotypes of the tropical shrubClidemia
hirta.

If constant fitness is the key to success, thenwe expect a
Jack-of-all trades situation, where plasticity allows the
fitness of the invader to remain relatively constant across
environments (Richards et al. 2006). If the success of an
invader is due to its ability to rapidly take advantage of
available resources, we expect a Master-of-some situa-
tion, where the invader shows a greater fitness response to

Table 2 P-values of the
comparison of the final survival
of Taraxacum officinale
individuals grown in a drought
experiment, in a gradient of
nitrogen (N), and in a gradient
of potassium (K)

Survival was compared among
groups with a two-tailed pro-
portion test
And = Andean individuals;
Alp = Alpine individuals

And-Control And-Drought Alp-Control Alp-Drought

And-Control – 0.155 0.155 <0.001
And-Drought – 1 <0.01
Alp-Control – <0.01
Alp-Drought

And-N1 And-N2 And-N3 Alp-N1 Alp-N2 Alp-N3

And-N1 – 0.273 <0.05 0.054 <0.001 <0.05
And-N2 – 0.164 0.344 <0.01 0.106
And-N3 – 0.599 0.094 0.805
Alp-N1 – <0.05 0.43
Alp-N2 – 0.143
Alp-N3 –

And-K1 And-K2 And-K3 Alp-K1 Alp-K2 Alp-K3

And-K1 – 0.394 <0.05 1 0.146 1
And-K2 – 0.155 0.394 <0.05 0.394
And-K3 – <0.05 <0.01 <0.05
Alp-K1 – 0.131 1
Alp-K2 – 0.131
Alp-K3 –

Table 3 One-way analysis of variance of the change in the attri-
butes measured for Taraxacum officinale individuals grown in the
drought experiment

Final biomass (gr) Root:Shoot

Origin (O) 19.25*** 19.40***

F-values are shown (df = 1.18)
***P < 0.001
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favorable conditions (Richards et al. 2006).Morrison and
Molofsky (1998, 1999), and Lavergne et al. (2007) studied
the performance of invasive Phalaris arundinacea geno-
types under different biotic and abiotic conditions. They
have found consistent evidence of low phenotypic plas-
ticity among introduced genotypes, and dependence on
multiple introductions to increase its geographical spread
in the introduced region (Morrison and Molofsky 1998,
1999; Lavergne et al. 2007). According to our results,
native individuals of T. officinale originated in the Alps
behaves like a ‘‘Jack-of-all-trades’’ under stressful con-
ditions, whereas introduced T. officinale originated in the
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O · T F 2.64 0.71 ns 0.43 ns

F-values are shown
ns P > 0.05, *P < 0.05
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Fig. 3 Survival (%), total dry biomass and root:shoot of Tarax-
acum officinale individuals grown from seeds collected in the
introduced range (Andes) (solid bars) and in the native range
(Alpes) (empty bars), under and increasing gradient of nitrogen.
Error bars indicate S.E. Different superscript letters indicate
significant differences (Tukey HSD for unequal sample sizes)
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Andes resembles a ‘‘Master-of-some conditions’’ under
the same environmental constraints. These conclusions
open a window of opportunities for the control of the
spread of T. officinale in these habitats, by creating the
conditions that these individuals are not able to manage.
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