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Abstract

Aims

Possible shifts in the phenotypic performance along invasive plants’

spreading route are rarely examined due to the discontinuous and

incomplete records of exotic species. As the invasion history of com-

mon ragweed (Ambrosia artemisiifolia L.) is well documented in

Hungary, its residence time is known for each location. By sampling

a sequence of older to more recently established populations, we

aimed to determine (i) whether there are phenotypic divergences

along the historical spreading route of A.artemisiifolia; (ii) which

traits are under selection during the invasion process and (iii) the ex-

tent of maternal effects on the individual’s performance.

Methods

We used a hierarchical sampling design to collect seeds from 64 indi-

viduals belonging to eight sites in four residence time categories

(seven populations along the historical spreading route of ragweed

in Hungary and one recently invaded site in Romania). We selected

four large and four small individual plants in each population to con-

trol for maternal effects. The offspring were reared in a common gar-

den located in Romania. Five vegetative phenotypic traits were

measured at the end of the experiments and used in the subsequent

analysis (plant height, basal diameter, number of secondary axes,

length of the longest secondary axis and biomass). To summarize

the variation of these highly correlated traits, principal component

analysis was performed first and then the important components

were used in linear mixed effect models.

Important Findings

The residence time categories were significantly distinguished by

the first component, which compresses the variation of all five

measured traits. The measures gradually decrease from popula-

tions with the longest residence time (introduced more than 65

years ago) towards the most recently established populations

(established less than 30 years ago). These differences might reflect

the invasion history of the populations: the longer the residence

time the higher the chance to develop relevant traits beneficial

in invasion process. The size of the mother plant significantly influ-

enced not only the seed mass (inversely) but also the adult perfor-

mance of its offspring (directly).
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INTRODUCTION

Understanding the mechanisms of biological invasions is of

great importance, as invasive species represent one of the most

serious threats to biodiversity and ecosystem function world-

wide (Vitousek et al. 1997). Traits that make an alien species

invasive (e.g. Pyšek and Richardson 2007; Rejmánek and

Richardson 1996), characteristics of invasible communities

(Rejmánek 1998) and the impact of range-expanding species

(Mooney and Cleland 2001; Olden et al. 2004) have been

widely studied. It has been suggested that factors such as in-

oculum size, time since the introduction of a taxon (i.e. resi-

dence time) and the number and spatial distribution of

introduction events can partly determine whether a species

becomes invasive or not (Pyšek and Jarošı́k 2005). When

underlining the relevance of residence time, the scientific lit-

erature usually refers to the distribution and abundance of in-

vasive organisms, i.e. the range size and frequency of an

invasive species depends on the amount of time since it has

been spreading (Castro et al. 2005; Williamson et al. 2009).
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Pyšek and Jarošı́k (2005) highlight that residence time also

affects the invasive status of an alien species: whether it per-

sists as casual species or becomes naturalized or invasive. Be-

sides, residence time can be viewed from an evolutionary

perspective as well, because the mechanisms driving invasion

success can change with time and with phases of invasion. Al-

though it is generally accepted that the probability of invasion

success increases with residence time (Rejmánek 2000), the

majority of recent studies fails to mention the amount of time

elapsed since the introduction of a species or other phases of

invasion (Strayer et al. 2006). This deficiency can be attributed

mostly to the inherent difficulty of accessing historical records

on introduced species (Castro et al. 2005; Wu et al. 2003).

Invasions are recognized as one of the best model systems

for studying rapid evolution (Keller and Taylor 2008). Over

a relatively short period of time, some plant invaders have

evolved taller stature and reduced anti-herbivore defences,

have shown higher reproductive rates or have adapted to local

climatic conditions (Lavergne and Molofsky 2007 and litera-

ture therein). The high evolutionary potential of invasive spe-

cies, which is usually ensured by multiple introductions, gene

flow and population admixture (Dlugosch and Parker 2008),

allows for rapid selection of heritable phenotypic variation

of ecologically important traits (Lavergne and Molofsky

2007). If the invasion history of the studied species is well

documented, one way to reveal evidence of changes of pheno-

typic traits over time is to sample a sequence of older to more

recently introduced populations and to compare their quanti-

tative traits in a common garden (Richards et al. 2006).

We chose the common ragweed (Ambrosia artemisiifolia L.) as

model species to study the divergence of phenotypic traits be-

tween older and recently introduced populations. The common

ragweed is one of the few celebrated and rare cases of successful

invaders that show large increases in genetic diversity in their in-

troduced range, apparently caused by themixing of introductions

from different source regions (Chun et al. 2010; Dlugosch and

Parker 2008; Genton et al. 2005). Recently, it has been reported

that the common ragweed may be obligate cross-pollinating

species (outcrosser), due to self-incompatibility, which may also

contribute to rapid genetic changes (Friedman and Barrett 2008;

Parker et al. 2003). Taken together, these facts suggest that the

common ragweed is particularly predisposed to show a high rate

of phenotypic evolution in its introduced range. It is even more

remarkable that its spreading history is well documented in

Hungary, owing to the regular weed surveys during the 20th

century. We sampled individuals to compare their offspring’s

phenotypic traits from eight populations belonging to four resi-

dence time categories and reared the plants in a common garden.

Studies examining quantitative variation in a broad sense by

growing genotypes from different populations in a common

garden share the important drawback of having their data

influenced by maternal effects (Dlugosch and Parker 2008).

Maternal effects can be classified as genetic and non-genetic

effects (Weiner et al. 1997). The former include genetic

differences among mother plants that result in differences in

provisioning or other aspects of the developing seeds’ environ-

ment (Donohue 2009). Non-genetic or environmental mater-

nal effects may occur because the environment in which the

mother plant grows may influence its ability to provision seeds

(Weiner et al. 1997). The abiotic and biotic components of the

environment (nutrient content, water availability, the density

and identity of neighbours etc.) influence the size and physi-

ological conditions of themother plants and subsequently may

determine many characteristics of the seeds, such as their

number and size, seed dormancy, dispersal capacity, germina-

tion rate, and timing (Mousseau and Fox 1998).

In the present study, we addressed the following particular

questions: (i) Is there empirical evidence for phenotypic diver-

gence along the historical spreading route of A.artemisiifolia? (ii)

Which traits are likely to be under selection during the invasion

process? (iii) To what extent do maternal effects influence the

offspring’s performance?

MATERIALS AND METHODS
The studied species

Common ragweed, A.artemisiifolia (Asteraceae) is a wind-

pollinated, monoecious and protandrous annual herb native

to North America (Bassett and Crompton 1975). The seeds

of Ambrosia were introduced into Europe as contaminants of

agricultural products (Chauvel et al. 2006; Kiss and Béres

2006) in the second half of the 19th century (Chauvel et al.

2006), and since then, they have invaded vast parts of the con-

tinent. Ambrosia artemisiifolia is particularly common and

abundant in disturbed sites, such as abandoned or fallow fields,

road verges and construction areas, both in its native and in-

troduced range (Bassett and Crompton 1975; Bazzaz 1968).

Moreover, it is one of the most problematic weeds in Europe

causing yield losses to many crops (Kiss and Béres 2006). This

plant represents an important public health concern as well,

due to its highly allergenic pollen (Makra et al. 2004).

With regard to the pollen pollution, the main areas affected

by ragweed invasion in Europe are the Carpathian basin (par-

ticularly Hungary), Northern Italy and some parts of France

(Laaidi et al. 2003; Puc and Puc 2004). The introduction and

range expansion of ragweed is well documented and studied,

e.g. in France (e.g. Chauvel et al. 2006; Genton et al. 2005), in

Switzerland (Bohren et al. 2006), in Austria (Essl et al. 2009)

and in Hungary (Béres 2003; Béres et al. 2005). The first ap-

pearance of A.artemisiifolia in Hungary was observed in the

1920s in the southern part of the country, expanding from

the former Yugoslavia, while by now it is present all over

the country (Béres 2003; Csontos et al. 2010; Fig. 1). Hungary

is considered to be the centre of ragweed invasion in Eastern

Europe and serves as major donor for neighbouring countries.

The success of the ragweed’s ongoing invasion in Eastern

Europe can be explained both by its generalist character

and the major land use changes during the last two decades

caused by socioeconomic transitions. The mass abandonment

of agricultural fields after the political transitions in former
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socialist countries promoted the spread of ragweed, and it has

become themost widespread weed in both agricultural and ur-

ban areas throughout the Carpathian Basin (Kiss and Béres

2006).

Field collection and planting

During October 2007, achenes (hereafter called seeds) of

A.artemisiifolia L. were collected from seven populations along

the historical spreading route of ragweed in Hungary and one

recently invaded site in Romania (Fig. 1; Table 1). In Romania,

the common ragweed has been displaying a rapid expansion

since 1990, partly due to the political transitions which were

linked to the abandonment of agricultural lands, negligence of

weed control and opening of borders to Western countries

(Fărcăsxescu and Lauer 2007). We grouped study sites in four

residence time categories, as follows—#1: populations estab-

lished less than 30 years ago, #2: established more than 30

years ago, #3: established more than 40 years ago and #4:

established more than 60 years ago.

Since ragweed occupies various soil types along its spreading

route, we have chosen populations growing on both sandy and

clay soils for each residence time category, except for category

#1 (Table 1). The collection sites were usually disturbed areas

with ruderal vegetation. We avoided agricultural fields due to

their elevated nutrient contents.

Seeds were separately collected from eight individual

mother plants from each site; thus, a total of 64 individuals

were sampled. We selected four large (among the tallest indi-

viduals) and four small (among the shortest individuals, which

had at least 50 matured seeds) individual plants in each

Figure 1: Map of Hungary showing the spreading history of common ragweed based on Béres et al. (2005) and Csontos et al. (2010). Sampling sites

were grouped in four residence time categories according to the first records of Ambrosia artemisiifolia as follows, with abbreviations of localities of

seed collection in brackets—#4: Zalaapáti (Za) and Somogyvár (So), #3: Gárdony (Ga) and Vácrátót (Va), #2: Hatvan (Ht) and Nagyk}orös (Na) and

#1: Mez}otúr (Me) and Halmeu (Ha). The common garden experiment was carried out in Halmeu, Romania.

Table 1: Location and soil type of natural Ambrosia artemisiifolia populations sampled for seed in Hungary (HU) and in Romania (RO)

Location Latitude (N) Longitude (E) Soil type

Distance to

experimental site (km)

Date of

introduction

Residence

time category

Zalaapáti (HU) 46�43#35$ 17�06#23$ Clay 468 Before 1945 4

Somogyvár (HU) 46�34#56$ 17�38#45$ Sandy 432 Before 1945 4

Gárdony (HU) 47�11#50$ 18�36#33$ Clay 343 1945–1965 3

Vácrátót (HU) 47�42#39$ 19�14#07$ Sandy 284 1945–1965 3

Hatvan (HU) 47�40#50$ 19�40#12$ Clay 251 1966–1977 2

Nagyk}orös (HU) 47�01#44$ 19�46#52$ Sandy 265 1966–1977 2

Mez}otúr (HU) 47�00#15$ 20�37#05$ Clay 210 After 1977 1

Halmeu (RO) 47�58#50$ 23�01#15$ Clay 0 After 1990 1

Distance of each location to the Romanian site, where the common garden experiment was conducted, is also shown. Sites are grouped in four

residence time categories according to the date of the species’ first record.
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population to control for maternal effects. To estimate seed

weight, we measured 25 randomly selected seeds of

each mother plant (i.e. of 64 seed families) one by one (with

10�4 g accuracy).

Seeds were kept in darkness in paper bags at room temper-

ature (620�C) during the winter period. Thereafter, they

were stratified for 12 weeks (10 January to 3 April 2008)

at 4�C in order to break the primary dormancy. On 10 April,

seeds were placed to germinate in pots containing sterilized

soil in a non-heated greenhouse under natural light

condition in Halmeu, Romania. After 3weeks of germination,

the required number of seedlings (see below) of uniform size

were transplanted to separate pots and kept under natural

conditions until they were used in the common garden

experiments.

Experimental design

To minimize the effect of a possibly heterogeneous environ-

ment in the common garden experiments, we applied a ran-

domized block design. The soil was tilled prior to planting. The

experiment was conducted with eight replicates between 15

May and 18 August 2008. Seedlings were planted to

a randomly assigned point on an 8 3 8 grid in Latin square

design. Every plot contained one individual of each seed

family, i.e. one offspring of each mother from each location.

Plots were weeded throughout the whole experiment to avoid

interspecific competition and A.artemisiifolia plants were

watered as required, usually once a week. Plants were spaced

0.5 m apart to overcome intraspecific competition. To

minimize edge effects, the experimental plots were edged by

two extra rows of A.artemisiifolia individuals, which were

not included in the analysis.

At the end of the experiments, five vegetative life history

traits weremeasured, as the experimentwas terminated before

flowering and seed set occurred, due to the risk of contaminat-

ing the site with a new gene pool of common ragweed. Plant

height and biomass were measured because they were proven

to be closely related to pollen and seed production in common

ragweed (Fumanal et al. 2007), thus reliably reflecting the in-

dividual fitness. Aboveground and belowground biomass were

not considered separately since high levels of correlation exist

between these traits (Chun et al. 2011). Plant lateral develop-

ment was evaluated by two traits: the longest secondary axis

and number of secondary axes. The investment in stem tissues

wasmeasured by basal diameter. Plant height wasmeasured in

centimetres from ground level to the stem apex. The longest

secondary axis was measured in centimetres from its ramifi-

cation to its apex. The number of secondary shoots was

determined by counting all the shoots arising on the primary

shoot. We measured basal diameters in millimetres, as close to

ground level as possible using digital callipers. We had no

possibility to measure the dry biomass, as there were too many

(>500) individuals; thus, fresh aboveground biomass was

measured with a hanging scale with 10 g accuracy (Voltcraft

HS-10, Germany). The cutting of individuals was done with

a saw at ground level and measured in the shortest time

possible. These measurements were made on a sunny day,

after the dew dried off.

Statistical analysis

To avoid testing of strongly correlated dependent variables,

Pearson correlations were calculated among them (not

shown). As almost all correlations proved to be significant,

we first performed a principal component analysis (PCA) to

summarize the variation among these highly correlated mor-

phological traits (Table 2). We included all measured traits in

the PCA, namely plant height, number of secondary axes,

length of the longest secondary axis, basal diameter and bio-

mass. To satisfy the assumption of multivariate normality, bio-

mass and number of secondary axes were log transformed.

Using the most important components (eigenvalue > 1) as de-

pendent variables, linear mixed models were performed (Zuur

et al. 2009). The fix factors were mother size, soil type and res-

idence time, and two crossed random factors included identity

of mother plant and plot. For testing the maternal effect, linear

mixed model was also used with seed mass as dependent vari-

able; the fixed part of the model was the same as above; how-

ever, random factors only included identity of mother plant.

Minimum adequate models were derived using backward

stepwise elimination following the method suggested by Zuur

et al. (2009). First, we simplified the random part of the model

minimizing the Akaike Information Criteria. Then, effects of

the fix factors and their interactions were tested by maximum

likelihood (ML) ratio tests, sequentially removing the non-

significant terms. Linear mixed models were fitted by lmer

function of the lme4 package (Bates and Maechler 2009,

http://CRAN.R-project.org/package=lme4) of statistical soft-

ware R (R Development Core Team 2009, http://www.

R-project.org). Normality and homoscedasticity of residuals

was checked by plots. Tukey post hoc test was used to analyse

differences between residence time categories usingmultcomp

package. Means 6 standard deviations are shown throughout

unless otherwise stated.

Table 2: PCA of the five measured traits

Trait PC1 PC2

Eigenvectors

Plant height 0.512 �0.059

Length of the longest secondary axes 0.509 �0.010

Number of secondary axes (log) 0.360 0.751

Basal diameter 0.457 0.031

Aboveground biomass (log) 0.377 �0.657

Eigenvalue 3.046 0.776

Explained variation (%) 60.94 15.52

Eigenvectors shown in bold are >70% of the largest eigenvector and

were interpreted as contributing significantly to the PC.
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RESULTS

The size of mother plants significantly influenced the average

seed mass (ML-v2 = 9.15, P = 0.002). Small mother plants had

heavier seeds (57.63 6 16.49 mg) than large mother plants

(48.29 6 30.54 mg), while the soil type of the mother had

no effect (ML-v2 = 0.002, P = 0.92).

The PCA of the five correlated dependent variables pro-

duced a single principal component (PC1) with an eigenvalue

>1, which explained 60.94% of the variation in vegetative

traits. All five variables contributed significantly to the PC1,

as their eigenvectors were >70% of the largest eigenvector

(Mardia et al. 1979) (Table 2). The time since introduction (res-

idence time) had significant effect on PC1 (ML-v2 = 7.99, P =

0.04): the longer the residence time of themother’s population

the higher values of measured vegetative traits the offspring

shows (Fig. 2; Table 3) in the common garden. Post hoc test

revealed significant differences between the first and the last

residence time categories (P < 0.001), while other differences

were non-significant. The size of the mother shaped signifi-

cantly the offspring’s measured trait (ML-v2 = 16.27, P <

0.001), while the soil type of the mother had no significant

effects (ML-v2 = 1.51, P = 0.21). Offspring of small compared

to large mothers were smaller (79.58 6 0.90 vs. 86.18 6 1.04

cm), had shorter secondary axes (59.56 6 14.93 vs. 65.88 6

16.04 cm), smaller basal diameter (13.50 6 0.17 vs.

15.01 6 0.22 mm), fewer secondary axes (19.49 6 3.63 vs.

20.16 6 4.20) and smaller aboveground biomass (0.67 6

0.01 vs. 0.81 6 0.02 kg).

DISCUSSION

It has been widely studied whether invasive plants can grow

taller and have greater fitness in their introduced range com-

pared to their native territories (Goodwin et al. 1999; Lavergne

and Molofsky 2007). However, changes in the phenotypic per-

formance of non-native species along their spreading route have

rarely been studied due to the discontinuous and incomplete

records of exotic species (Castro et al. 2005). As the invasion his-

tory ofA.artemisiifolia is well documented in Hungary, residence

time is known at each location. Thus, we could sample a se-

quence of older to more recently established populations and

rear their offspring in a common garden. Our results revealed

the importance of residence time in phenotypic traits: the veg-

etative measures gradually decrease from populations with the

longest residence time (introduced more than 60 years ago) to-

wards the most recently founded populations (established less

than 30 years ago). The inclusion of local population in the com-

mon garden experiment could raise some concerns, as individ-

uals from the same location can be better adapted to local

conditions or can suffer more from local detrimental influences.

Concerning the results, the first case can be omitted, as foreign

populations had a more vigorous growth than the population

from the local source. On the contrary, the possibility of escap-

ing from certain detrimental effects might be an alternative ex-

planation of the phenotypic divergences experienced in our

common garden. Nevertheless, we are not aware of such biolog-

ical or environmental differences between the sampling sites

and the common garden site. Moreover, the exclusion of these

data from the analysis yields similar results (not shown).

The map showing the spreading history of common ragweed

(Fig. 1) and also the results (Fig. 2) suggests a unidirectional

Table 3: Mean6 standard deviation of the five measured traits in the four residence time categories—#1: populations established less than

30 years ago, #2: established more than 30 years ago, #3: established more than 40 years ago and #4: established more than 60 years ago

Residence time category

Measured trait #1 #2 #3 #4

Plant height 78.19 6 17.33 81.35 6 14.65 83.18 6 15.80 88.87 6 14.23

Number of secondary axes 18.87 6 4.88 19.64 6 3.35 20.43 6 3.60 20.37 6 3.56

The longest secondary axis 57.64 6 17.72 62.83 6 14.24 61.97 6 15.12 68.50 6 14.10

Basal diameter 12.67 6 3.20 14.80 6 3.28 14.21 6 2.99 15.34 6 3.36

Aboveground biomass 0.67 6 0.25 0.73 6 0.23 0.77 6 0.30 0.78 6 0.42

-1.5

-1

-0.5

0

0.5

1

1.5

#1 #2 #3 #4

Residence time categories

P
C

1

Small Large

Figure 2: Effect of residence time on PC1 (mean 6 standard error) of

common ragweed individuals shown separately for offspring of small

and large mother plants (#1: populations established less than 30 years

ago, #2: established more than 30 years ago, #3: established more than

40 years ago and #4: established more than 60 years ago).
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eastward spreading wave of the species. However, before a de-

tailed genetic analysis, we could not be sure about the origin of

these populations despite the well-documented spreading his-

tory of the common ragweed in Hungary. We should not con-

sider the four residence time categories as isolated units, nor that

possible phenotypic divergences are taking place in a unidirec-

tional way from the oldest to the youngest populations. It is very

probable that genetic exchange between these groups can be

and could have been operating frequently (due to the enormous

number of airborne pollen and also seeds), reflecting a dynamic

landscape of invasion. Thus, the only certain thing we know is

the residence time of these populations. Beyond doubt, com-

mon ragweed shows long-term persistence of common ragweed

at a given place due to its huge pollen and seed production

(Ziska et al. 2007) and the large and persistent seed bank (Fuma-

nal et al. 2008). Assuming the continuity of the populations

since their establishment in a highly dynamic landscape of in-

vasion, many gene flow events are expected to have occurred in

older populations and fewer in the recently established ones.

According to this scenario, the selection driven by competition

has been acting emphatically onolder populations in developing

a more successful morphology (e.g. higher stem).

All vegetative traitswerehighly correlated and showed prom-

inent shifts along the residence time categories (Table 3). Plant

height and biomass are known to be closely associated with fit-

ness inA.artemisiifolia (Fumanal et al. 2007) and to be affected by

selection, as positive correlation exists between maleness and

plant height, similar to that observed in several other wind-

pollinated taxa (Ackerly and Jasienski 1990). Increased plant

height is known to be effective in light competition or dispersal

vector competition, since releasing height is important for wind

dispersal. As female flowers are located in the leaf axils in Am-

brosia and seeds have no obviousmorphological dispersal mech-

anism, seeds that develop above the average height of the

population are transported more easily by wind and would fall

farther from the mother plant. On the other hand, selection in

younger population can act on other traits, changing the flower-

ing phenology rather than the vigour of the individuals. The

strong trade-off between size at reproduction and flowering

time can cause early flowering plants to be smaller (Barrett

et al. 2008). Evolutionary changes in flowering phenology are

thought to have critical role in invasive spread (Griffith and

Watson 2006), being associated with colonization (Levin

2006) or with local adaptation of this trait.

Maternal effects may have a substantial impact on the extent

and direction of evolutionary changes of these morphological

traits by natural selection. Our results suggest that maternal

effects in this species do not only manifest in seed traits but also

persist in offspring quality and hence influence adult perfor-

mance at long term. This is an important finding as there is

a general assumption in plant ecology that considers mother ef-

fect less likely to influence characteristics in the offspring’s later

life history (e.g. Chun et al. 2011). In our experiment, well-

developedmother plants produced offspringwith higher perfor-

mance. Moreover, well-developed individuals produce more

seeds (Fumanal et al. 2007), and if the offspring are also well

developed, these genotypes will dominate the population very

soon. It is already generally admitted that maternal effects can

have great impact on rapid evolutionary changes, and these

shifts can occur over ‘ecological’ timescales (Räsänen andKruuk

2007 and literature therein). Unfortunately, we cannot distin-

guish between genetic and environmental maternal effects due

to our experimental design. Themost parsimonious explanation

of the results would be that genetic differences among tall and

short mother plants can lead to differences in seed provisioning

or seed development, amplifying thus the influence of genetic

maternal effect. However, as differences between well-

developed and less developed individuals can also be attributed

to differences among microhabitats or to germination order in

those cohorts, the contribution of environmental maternal

effect cannot be excluded either.

In order to verify whether our results can also be found in

wild populations, in situ measurements were performed in

2010 in six locations where we had collected seeds 3 years ear-

lier. We had chosen two populations per location and recorded

50 plants along a random transect, measuring the height of

each individual at full maturity. Although these data are bur-

dened with stochasticity and cannot be compared directly with

the experimental results, they may be informative for the in-

terpretation of our results. There were no significant differen-

ces between the residence time categories (results are not

shown). This suggests that the distribution of phenotypic traits

in the common garden could be a proof of physiological selec-

tion during invasion, as plant performance is associated not

only with competition but also with the abiotic components

of the environment, such as temperature, precipitation, soil

type or increasing season length. Due to physiological adapta-

tion during invasion, latitudinal clines have been reported in

invasive plants for biomass, height, number of shoots, fecun-

dity and so on (Keller and Taylor 2008). According to multi-

annual data of the Hungarian National Meteorological Service,

the average summer (June–August) temperatures of the two

most distant sites (the first and fourth residence time catego-

ries) are very similar (19.5�C and 19.7�C), while the two mid-

dle groups are somewhat warmer (20.0�C and 20.3�C). The
precipitation also divides the locations; the fourth residence

time category and also the common garden site has 600–

650 mm rain per year, while the other sites are drier (annual

precipitation is 500–550 mm per year). Therefore, the climatic

patterns of the sampling areas can partly explain why individ-

uals from the fourth residence time category performed better

in the common garden than individuals from the second and

third residence time categories; however, they do not explain

why individuals from the youngest population performed

worst among all residence time categories.

We shouldnot exclude the probability that our results are due

to chance events, as stochastic processes have prominent influ-

ence on invasions (Keller and Taylor 2008). Multiple introduc-

tions that create genetic admixtures, random demographic

events within the introduced range, unpredictable pollen and
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seed distribution paths and several other factors might drive to

phenotypic changes between established populations. Recent

analysis proved high genetic variability of common ragweed

in Eastern Europe (based on the genetic analyses of six popu-

lations including three Hungarian and one Romanian popula-

tion), which can be due to either multiple sources of

introduction or introduction from a highly diverse source (Gla-

dieux et al. 2011). The highly variable genetic makeup of the

Hungarian ragweed populations might drive to several highly

different adaptation and selection events, thus resulting in phe-

notypically distinct populations. Thus, the different morpholog-

ical traits of the four residence time categories in common

ragweed might be generated by unpredictable factors, and we

are a witness of a stochastic phenotypic evolution at different

lineages.We should establish ancestor–descendent relationships

among the sampled population using high-resolutionmolecular

markers to settle this question (Keller and Taylor 2008).

In summary, our results provide support for the existence of

phenotypically distinct populations along the Hungarian

spreading route of A.artemisiifolia. Whether this is due to resi-

dence time (highly possible) or adaptations to local environ-

ments remains unclear. However, both suggest a great

potential of adaptive differentiation of common ragweed pop-

ulations that can assure present and future range expansion

and local persistence of this highly invasive and harmful species.

The rapid diversifying selection and adaptation of the species is

backed by high genetic diversity (Chun et al. 2011) as a conse-

quence of the multiple introductions from North America into

Europe (Genton et al. 2005) and the intense gene flow between

populations (Chun et al. 2010).
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