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BACKGROUNDS AND QUESTIONS 

 

Globalization has become the primary driver of one of the most devastating form of 

environmental decline: biological invasions (Vitousek et al. 1996, 1997). The outcome of the 

spread of a species beyond its natural range might vary substantially, from failing to establish 

in the new habitat to showing high invasiveness, and causing ecological and economic 

damage (Kolar and Lodge 2001). Traits that make an alien species invasive, characteristics of 

invasible communities and the impact of range-expanding species are the central topics of 

invasion ecology. Among these studies, those that are dealing with the causes of invasiveness 

are continuously increasing in number. Traits such as height, vigorous vegetative growth, 

early and extended flowering, high fecundity, and efficient dispersal of seeds, easy 

germination and a long-term persistent seed bank have been found to predispose plant species 

to be invasive, however, only a few traits have been proved to be generally associated with 

invasiveness (reviewed in Pyšek and Richardson 2007). The difficulty of robust 

generalizations can be attributed, on the one hand, to the heterogeneity of taxa and invaded 

ecosystems and, on the other hand, to the preponderant effect of variation in propagule 

pressure among case studies. Therefore, use of circumscribed subsets might provide a better 

chance to reveal the mechanisms behind the invasion process. 

Life history trade-offs determine a particular organism’s position along a continuum of 

adult longevity (Schippers et al. 2001). At one extreme is the ‘annual strategy’ which 

supposes a high population growth rate, the production of many, small, well-dispersed 

offspring and the abandonment of the mother plant at an early stage; while at the other 

endpoint is the ‘perennial strategy’ which supposes competitive, long-lived species with few, 

large offspring that do not disperse far (Schippers et al. 2001). Short-lived individuals often 

have only one opportunity to disperse their offspring from a local habitat (semelparity), while 

long-lived individuals may have several attempts to disperse their offspring (iteroparity). 

Moreover, the short-lived species with high numbers of offspring react quicker to changes 

than long-lived species (Matthies et al. 2004), thus they are superior at higher levels of 

disturbance (Pianka 1970). This is why short-lived species flourish in early successional or 

otherwise unstable habitats (Pianka 1970), while long-lived species are competitively superior 

to annuals in undisturbed habitats (Seabloom 2003). Based on these fundamentally different 

ecological strategies between long and short-lived species, one can expect that different traits 

are associated with invasiveness of short-lived and long-lived herbaceous aliens. That is why I 
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have chosen life span as a “key feature” in distinguishing species groups and focused 

exclusively on short-lived invasive plants and on their traits associated with invasiveness. I 

formulated several questions: 

1. Can we distinguish the short and long-lived invasive species according to their traits 

associated with invasiveness? 

2. Which are the soft traits (easily quantified, general traits which can be found in plant 

trait databases) associated with invasiveness of annual plant species? 

3. Which are the hard traits (attributes that are rarely quantified due to its difficulty to 

measure, however obviously linked to invasive success) associated with invasive 

success of annual plant species: phenotypic plasticity, competitive ability or 

generalist-specialist character? 

4. Is there a germination strategy that helps an annual species to become successful in 

invasion process? 

5. Can the invasive annual species’ seeds accelerate or delay the time of their 

germination with the environment becoming more and more competitive?  

6. Is there empirical evidence for phenotypic divergence (trait evolution) along the 

historical spreading route of an annual invasive species? 

7. Which traits are likely to be under selection during the invasion process? 

 

 

METHODS 

 

I planned and carried out four independent studies to answer the questions: 

1. I compared some selected biological traits of successful range-expanding (invasive species 

in natural areas) and less successful (non-invasive naturalized species) alien species of the 

United States that originate from Central Europe. I split the dataset into short-lived species 

and long-lived species (herbaceous perennials). The final database consisted of 116 (34 

invasive species in natural areas) short-lived and 296 (81 invasive species in natural areas) 

long-lived herbaceous species. I chose traits related to competitive ability (dominance pattern, 

ecological strategy, plant height), reproduction (e.g., timing of flowering, compatibility, 

pollination), dispersal (vegetative dispersal, specialized and unspecialized dispersal agents, 

range of dispersal types), size of the native range and relation to human disturbances (e.g., 

tolerance to human disturbance, affinity of plant species towards urban areas, use by humans). 
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I used the source-area approach, the analysis of biological traits of species introduced to a 

region from a defined geographical ‘source’ area. Since attributes often covary due to 

phylogenetic constraints, I applied a method that accounts for the degree of relationship 

between species during the statistical analysis. 

2. I compared three Bromus species which can be ranked according to how successful they are 

in their American introduced range: Cheatgrass (Bromus tectorum) is “the quintessential 

invader” of North America occurring throughout the United States and Canada. Poverty 

brome (Bromus sterilis) has a narrower distributional range and it is an exotic species with 

moderate invasion success, while corn brome (Bromus squarrosus) is even less widespread 

and it is not considered an invasive species in North America. I performed a series of 

experiments and observational studies. First, I tested whether the species differed in biomass 

production and reproduction in a growth experiment in outdoor plots with and without added 

fertilizer and water; second, I examined whether intraspecific competition is different in the 

three Bromus species in a common-garden experiment; third, I ascertained how the 

composition and abundance of vegetation influence the performance and fitness of the species 

with a community-scale survey; fourth, I tried to place the three species along a generalist-

specialist gradient using a landscape scale study. I used the still overlooked approach of 

studying the aspects of invasions, namely the source area approach. 

3. The germination response of an annual invasive species in increasingly competitive 

environments was studied on the common ragweed (Ambrosia artemisiifolia) by modifying 

the competitive environment of the seeds. Seeds were germinated in adequate conditions 

without competition at one extreme of the competition gradient. Towards the other extreme of 

the gradient we chose the competitive environments to be as various as possible by 

manipulating life stages (seed, seedling or adult plant), density (low, high) and also identity (4 

species: intraspecific competition and interspecific competition with Daucus carota, Erigeron 

annuus, Epilobium tetragonum) of neighbours. We also followed the fate of non-germinating 

seeds by recovering them after the germination period and checked their viability.  

4. I chose the common ragweed as model species to study the divergence of phenotypic traits 

between older and recently introduced populations. The common ragweed is one of the rare 

cases of successful invaders with well documented spreading history in Hungary, owing to the 

regular weed surveys during the 20th century. I sampled individuals to compare their 

offspring’s phenotypic traits from eight populations belonging to four residence time 

categories, as follows: # 1: populations established less than 30 years ago, #2: established 
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more than 30 years ago, #3: established more than 40 years ago and #4:established more than 

60 years ago. 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 

individuals) and four small (among the shortest individuals, which had at least 50 matured 

seeds) individual plants in each population to control for maternal effects. Seeds were put to 

germinate and eight seedling of each seed family was reared in a common garden. At the end 

of the experiments, five vegetative life history traits were measured: plant height, 

aboveground biomass, the longest secondary axis, number of secondary axes and basal 

diameter. 

 

 

NEW SCIENTIFIC RESULTS AND DISCUSSION 

 

(1) Our results verify that the role of traits in the success of naturalized alien species differs 

between groups of short-lived and long-lived herbaceous species. Since all of the studied 

species were naturalized in the introduced range, we found significant traits that must help the 

short- and long-lived alien species to persist and increase in abundance in natural habitats 

and/or expand their populations. 

 

(2) Short-lived invasive species benefited from having greater competitive ability than other 

potential aliens, because I proved that annual invasive species were taller than non-invasive 

naturalized species. Consequently, it seems that effective light competition or dispersal-vector 

competition (e.g., releasing height is important for wind and animal dispersal) helps determine 

the success of short-lived alien species becoming a successful alien species. Besides, annual 

species are good colonizers with effective reproduction and dispersal, as the results show that 

intermediate compatibility contributes to the invasiveness of short-lived alien species. 

Moreover, our results suggest that dispersal traits are of overriding importance in the case of 

short-lived invasive species in natural areas, as the number of possible dispersal types was 

also higher in the case of invasive species. We found that the success of alien plants was 

related to their tolerance of various human impacts, supporting the so-called ‘disturbance 

hypothesis’ (Hierro et al. 2005) or the ‘human commensal hypothesis’ (Inderjit et al. 2005). 

These ideas emphasize the importance of pre-adaptation of a successful alien species to 

disturbances and the importance of human activities in naturalization and invasion processes. 

In the case of short-lived species, tolerating a wide range of anthropogenic disturbance is 
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obvious due to their ruderal strategy, and it was found to be highly beneficial during the 

naturalization and invasion process. In conclusion, separating alien plants by their life history 

provide new insights into what makes particular species successful in undisturbed areas. 

Short-lived invasive species benefited from having greater competitive ability than other 

potential aliens (Duyck et al. 2007), given that they are already strong colonizers. We found 

that the successful aliens appear to represent compromises between different traits, resulting 

in particular combinations of competition and colonization.  

 

(3) According to the results, the three bromes are unequally equipped with trait that could 

enhance invasiveness. B. tectorum (the highly invasive species) possesses several traits that 

may be especially relevant, as follows. B. tectorum displayed high phenotypic plasticity by 

producing significantly more above-ground biomass under elevated nutrient content than in 

control conditions (Fig. 1). The fact that B. tectorum was the only species among the three 

bromes which reacted to the nitrogen treatment confirms the validity of our hypothesis, that 

the most successful invasive species should be the most plastic, showing high performance 

and robust fitness across a wide range of conditions. The possible advantages of high 

phenotypic plasticity in the invasion process have been argued (e.g. Richards et al., 2006). 

Concisely, as the success and rate of spread of an invasive species largely depends on ability 

to tolerate abiotic conditions, those species that can thrive under a broad spectrum of 

environments through phenotypic plasticity have a higher probability of becoming invasive 

(Dybdahl and Kane, 2005 and literature therein).  

 

Fig. 1. The N treatment plotted against the total biomass  
of the three Bromus species (empty circle = no N, filled triangle = high N).  

The figures represent means ± standard errors. 
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We also supposed that the most successful invader was a habitat generalists in its home range. 

According to Baker’s (1965) hypothesis, many colonizing or invasive species owe their 

success to their ability to thrive in a wide variety of habitats or environments. Since then 

several studies have found that the degree of habitat generalization is a good indicator of 

invasion success (Marvier et al., 2004). It was already known that B. tectorum is a habitat 

generalist, persisting in a broad range of habitat types and environmental conditions (Crall et 

al., 2006); however we also showed that it is more of a generalist than the other two con-

generic species according to the co-occurrence niche width (Fig. 2). B. sterilis occurs only in 

frequently disturbed habitats, thus it could not adapt to natural communities as B. tectorum 

did. The literature indicates this species is typically found on rough and waste ground, in 

hedgerows, by roadsides, and along the arable land (Peters et al., 2000). B. squarrosus is the 

least of a generalist among the three studied bromes, being out-competed by other annual 

species and perennial grasses. It is mostly present in undisturbed, natural vegetation with high 

annual diversity, typically with low percent cover.  

 

Fig. 2. Co-occurrence based niche width of the three Bromus species. 
Bold lines show the median, boxes indicates the inter-quartile range, 

while whiskers show the minimum and maximum values. 
 

In summary, Bromus tectorum was shown to be the most well-equipped species among the 

three studied bromes, being pre-adapted to become a successful invasive species: it was the 

most plastic, mostly insensitive to interspecific competition and a habitat generalist. B. 

sterilis, although not very plastic and less of a generalist, has a special and unique ability to 

tolerate the highly allelopathic Robinia pseudacacia, character that could confer benefit also 
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in its American spread. B. squarrosus was negatively influenced by the presence of other 

annuals and perennial herbs, and most like a specialist. This ranking of the species’ abilities 

can explain the current spread of the three bromes on the North American continent 

 

 (4) – (5) Common ragweed seeds proved to have keen abilities to perceive cues which might 

predict future competitive conditions and respond to it by modifying germination rate and by 

accelerating emergence. In the experiment reported here we found significantly accelerated 

emergence of common ragweed seeds between several experimental competitive 

environments: both density and identity of competitors in all life-stages had distinct 

(significantly different) effect on the timing of germination of A. artemisiifolia seeds. 

Surprisingly, the presence of one particular competitor species, namely E. annuus, at seedling 

and even at seed stage provoked a more rapid germination compared to the other competitor 

species and control situation. Testing the effect of seeds as competitive neighbours has been 

neglected until the present, when some recent studies made the distinction between the effect 

of seeds and seedlings on the germination of species, and found that seeds can influence the 

germination parameters of target and competitor species reciprocally (e.g. Tielbörger & Prasse 

2009). We assume that the accelerated germination found in our case was tightly linked with 

the germination pattern of competitors, as E. annuus had the most rapid and most vigorous 

germination among the tested competitors. By germinating simultaneously or with a slight 

delay compared to its competitors, common ragweed can capitalize resources and occupy 

‘safe sites’ because it grows very fast and it is known to have large suppressive effect on other 

species’ seedlings (Miller & Werner 1987). Therefore, in the presence of other seeds or 

seedlings A. artemisiifolia adopts the competitive confrontation strategy (Novoplansky 2009).  

On the contrary, the presence of particular plant species in adult stage and mostly in 

high density delayed the emergence of common ragweed seeds (Fig. 3). We suppose that in 

this case the delayed germination can be linked with the induction of secondary dormancy in 

ragweed seeds. The shading effects and/or the water uptake by neighbouring adult plants 

could cause the postponed germination of certain seeds, and the same factors and/or the 

increased soil temperature later in the season may have induced the secondary dormancy in 

the still non-germinating seeds (Baskin & Baskin 1980). As a proof of this assumption, the 

fraction of dormant seeds was the highest in the neighbourhood of adult E. tetragonum 

individuals in high density, where we detected the highest mean germination delay compared 

to control of more than 12 days. 
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Fig. 3. Step curves of germination probabilities of A. artemisiifolia seeds in competitive 
environments of adult plants (conspecifics, D. carota, E. annuus, E. tetragonum)  in low 

(upper panel) and high densities (lower pannel) using the accelerated failure time modelling. 
Asterisks show significant pair-wise contrasts between control vs. a certain competitive 

neighbourhood: ‘***’ p < 0.001, ‘*’ p < 0.05. 

Our results demonstrate the keen ability of common ragweed seeds to distinguish between the 

severity of competitive environment into which they will emerge, and respond to it not only 

by adjusting their time of emergence, but also by the germination fraction. The ratio of 

germinating seeds was highly dependent on the neighbours’ life stage and density, as high-

density adult neighbours hindered seed germination and induced secondary dormancy 

compared to other life stages (seed, seedling). Based on experimental results, non-dormant 

seeds of common ragweed enter secondary dormancy when they are kept in darkness at 

temperatures favourable for germination or at naturally increasing soil temperatures in spring 

(Baskin & Baskin 1980). The light requirement for germination in the relatively big seeded 

common ragweed (Fumanal et al. 2007) can function as a mechanism for detecting open soil 

surfaces in closed vegetation (Kotorová & Lepš 1999). This germination behaviour prevents 

A. artemisiifolia seeds from recruiting in conditions where individuals may have low chances 

of survival because of competition from established neighbouring plants (competitive 

avoidance strategy, Novoplansky 2009). In parallel, these results can also be translated as a 

general defence of the resident community (i.e. biotic resistance) against the invading species, 

which was achieved perhaps by the shading effect of the competitive neighbouring plants. 
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As common ragweed seeds have the same viability after several induced secondary dormancy 

events (Fumanal et al 2007), this strategy might help its persistence despite high population 

fluctuations between years. Earlier studies have linked the large and long-persistent soil seed 

bank to invasiveness. Therefore, we can add the fine-tuned ability to predict future 

competitive environment and adequate dormancy release mechanisms in seeds to the list of 

traits (large number of pollen and seed production, high phenotypic plasticity, generalist 

character) that make Ambrosia one of the most successful invasive species of disturbed 

habitats in Europe. 

 

 

Fig. 4. The germination fraction (means ± SE) of A. artemisiifolia seeds in experimentally 
manipulated competitive environments for the low (a) and high density treatments (b). The 

solid line indicates the germination fraction under control situation (without neighbour). 
Asterisks show significant pair-wise contrasts between control vs. each competitive 

neighbourhood: ‘***’ p < 0.001, ‘*’ p < 0.05. Capital letters indicate significant differences at 
p < 0.05 as obtained by the Tukey’s HSD test for the density × life stage interaction, therefore 

markings are valid for emphasizing differences also between the two different density 
treatments, i.e. the two graphs. 
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(6) – (7) It has been widely studied whether invasive plants can grow taller and have greater 

fitness in their introduced range compared to their native territories (Goodwin et al. 1999; 

Lavergne and Molofsky 2007). However, changes in the phenotypic performance 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 history of A. 

artemisiifolia is well documented in Hungary, residence time is known at each location. Thus, 

we could sample a sequence 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 vegetative measures (plant height, aboveground biomass, the longest 

secondary axis, number of secondary axes and basal diameter) gradually decrease from 

populations with the longest residence time (introduced more than 60 years ago) towards the 

most recently founded populations (established less than 30 years ago) (Fig.5).  

 

 

Fig. 5. Effect of residence time on PC1 (mean ± SE) 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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The results suggest a unidirectional eastward spreading wave of the species. However, before 

a detailed genetic analysis, we could not be sure about the origin of these populations despite 

the well documented spreading history of the common ragweed in Hungary. We should not 

consider the four residence time categories as isolated units, nor that possible phenotypic 

divergences are taking place in a unidirectional 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, common 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 (Fumanal et al. 2008). Assuming 

the continuity of the populations since their establishment in a highly dynamic landscape of 

invasion, 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 on older populations in developing a more 

successful morphology (e.g. higher stem).  

All vegetative traits were highly correlated and showed prominent shifts along the 

residence time categories. Plant height and biomass are known to be closely associated with 

fitness in A. 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 Jasiefski 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 Ambrosia and 

seeds have no obvious morphological dispersal mechanism, 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 flowering 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, being associated with colonization, or with local 

adaptation of this trait.   

We should not exclude the probability that our results are due to chance events, as 

stochastic processes have prominent influence on invasions (Keller and Taylor 2008). 

Multiple introductions that create genetic admixtures, random demographic events within the 



 
 

13 
 

introduced range, unpredictable pollen and 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 populations including 3 Hungarian and 1 Romanian population), which can be due to 

either multiple sources of introduction, or introduction from a highly diverse source (Gladieux 

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 

phenotypically distinct populations. Thus, the different morphological 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 

resolution molecular 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 

residence time (highly possible) or adaptations to local environments remains unclear. 

However, both suggest a great potential of adaptive differentiation of common ragweed 

populations 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 consequence of the 

multiple introductions from North America into Europe and the intense gene flow between 

populations (Chun et al. 2010). 

 

 

 

LITERATURE CITED 

 

 

Ackerly DD, Jasienski M (1990) Size-dependent variation of gender in high density stands of 

the monoecious annual, Ambrosia artemisiifolia (Asteraceae). Oecologia 82:474–77. 

Barrett SCH, Colautti RI, Eckert, CG (2008) Plant reproductive systems and evolution during 

biological invasion. Molecular Ecology 17:373–83. 

Baker HG (1965) Characteristics and modes in the origin of weeds. In: Baker, H.G., Stebbins, 

G.L. (Eds.), The Genetics of Colonizing Species. Academic Press, New York, pp. 147–

168. 



 
 

14 
 

Baskin JM, Baskin CC (1980) Ecophysiology of secondary dormancy in seeds of Ambrosia 

artemisiifolia. Ecology 61:475-480. 

Béres I, Novák R, Hoffmanné Pathy Z, Kazinczi G (2005) Az ürömlevelű parlagfű (Ambrosia 

artemisiifolia) elterjedése, morfológiája, biológiája, jelentősége és a védekezés 

lehetőségei. Gyomnövények, gyomirtás 4:1–47. 

Castro SA, Figueroa JA, Muñoz-Schick M, et al. (2005) Minimum residence time, 

biogeographical origin, and life cycle as determinants of the geographical extent of 

naturalized plants in continental Chile. Diversity and Distributions 11:183–91. 

Chun YJ, Fumanal B, Laitung B, et al. (2010) Gene flow and population admixture as the 

primary post-invasion processes in common ragweed (Ambrosia artemisiifolia) 

populations in France. New Phytologist 185:1100–7. 

Chun YJ, Le Corre V, Bretagnolle F (2011) Adaptive divergence for a fitness-related trait 

among invasive Ambrosia artemisiifolia populations in France. Molecular Ecology 

20:1378-1388. 

Crall AW, Newman GJ, Stohlgren TJ, Jarnevich CS, Evangelista P, Guenther D (2006) 

Evaluating dominance as a component of non-native species invasions. Diversity and 

Distributions 12:195–204. 

Dybdahl MF, Kane SL (2005) Adaptation vs. phenotypic plasticity in the success of a clonal 

invader. Ecology 86:1592–1601. 

Duyck PF, David P and Quilici S (2007) Can more K -selected species be better invaders? A 

case study of fruit flies in La Réunion. Diversity and Distributions 13: 535–543 

Fumanal B, Chauvel B, Bretagnolle F (2007) Estimation of pollen and seed production of 

common ragweed in France. Ann Agric Environ Med 14:233-236 

Fumanal B, Gaudot I, Bretagnolle F (2008) Seed-bank dynamics in the invasive plant, 

Ambrosia artemisiifolia L. Seed Science Research 18:101–14. 

Gladieux P, Giraud T, Kiss L, et al. (2011) Distinct invasion sources of common ragweed 

(Ambrosia artemisiifolia) in Eastern and Western Europe. Biological Invasions 

13:933–44. 

Goodwin BJ, McAllister AJ, Fahrig L (1999) Predicting invasiveness of plant species based 

on biological information. Conservation Biology 13:422–6. 

Hierro JL, Maron JL and Callaway RM (2005) A biogeographical approach to plant 

invasions: the importance of studying exotics in their introduced and native range. 

Journal of Ecology 93: 5–15 



 
 

15 
 

Inderjit, Cadotte MW and Colautti RI (2005) The ecology of biological invasions: past, 

present and future. In: Inderjit (ed) Invasive plants: ecological and agricultural 

aspects, Birkhäuser, Basel, pp 19–43 

Keller SR, Taylor DR (2008) History, chance and adaptation during biological invasion: 

separating stochastic phenotypic evolution from response to selection. Ecology Letters 

11:852–66. 

Kolar CS, Lodge DM (2001) Progress in invasion biology: predicting invaders. Trends in 

Ecology and Evolution 16:199–204.  

Lavergne S, Molofsky J (2007) Increased genetic variation and evolutionary potential drive 

the success of an invasive grass. Proceedings of the National Academy of Sciences 

104:3883–8. 

Matthies D, Brauer I, Maibom W, Tscharntke T (2004) Population size and the risk of local 

extinction: empirical evidence from rare plants. Oikos 105: 481–488 

Marvier M, Kareiva P, Neubert MG (2004) Habitat destruction, fragmentation, and 

disturbance promote invasion by habitat generalists in a multispecies metapopulation. 

Risk Analysis 24, 869–878. 

Miller TE (1987) Effects of emergence time on survival and growth in an early old-field plant 

community. Oecologia 72:272-278. 

Novoplansky A (2009) Picking battles wisely: plant behaviour under competition. Plant Cell 

and Environment 32:726–741. 

Peters NCB, Atkins HA, Brain P (2000) Evidence of differences in seed dormancy among 

populations of Bromus sterilis. Weed Research 40:467–478. 

Pianka ER (1970) On r- and k-selection. Americal Naturalist 104: 592-597 

Pyšek P, Richardson DM (2007) Traits associated with invasiveness in alien plants: Where do 

we stand? In: Nentwig W. (eds.) Biological invasions, Ecological Studies 193, 

Springer-Verlag, Berlin and Heidelberg, 97–126. 

Richards CL, Bossdorf O, Muth NZ, Gurevitch J, Pigliucci M (2006) Jack of all trades, 

master of some? On the role of phenotypic plasticity in plant invasions. Ecology 

Letters 9:981–993. 

Schippers P, van Groenendael JM, Vleeshouwers LM and Hunt R. (2001) Herbaceous plant 

strategies in disturbed habitats. Oikos 95: 198-210  

Seabloom EW, Harpole WS, Reichman OJ, Tilman, D (2003) Invasion, competitive 

dominance, and resource use by exotic and native California grassland species. 

Proceedings of the National Academy of Sciences 100: 13384-13389 



 
 

16 
 

Tielbörger K, Prasse R (2009) Do seeds sense each other? Testing for density-dependent 

germination in desert perennial plants. Oikos 118:792–800. 

Vitousek PM, D’Antonio CM, Loope LL, Rejmánek M, Westbrooks R (1997) Introduced 

species: a significant component of human-caused global change. New Zealand 

Journal of Ecology 21:1–16. 

Vitousek PM, D’Antonio CM, Loope LL, Westbrooks R (1996) Biological invasions as 

global environmental change. American Scientist 84:468–478. 

Ziska LH, George K, Frenz DA (2007) Establishment and persistence of common ragweed 

(Ambrosia artemisiifolia L.) in disturbed soil as a function of an urban-rural macro-

environment. Global Change Biology 13:266–74. 

 

 

LIST OF PUBLICATIONS ASSOCIATED WITH THE THESIS 

 

Published papers and manuscripts strictly related to the PhD dissertation 

 

Fenesi A, Botta-Dukát Z (2010): Do short-lived and long-lived plant species differ regarding 

the traits associated with their invasiveness? Biological Invasions 12:611-623 [IF 

3.47]. 

Fenesi A, Rédei T, Botta-Dukát Z (2011): Hard traits of three Bromus species in their source 

area explain their current invasive success. Acta Oecologica 37:441-448 [IF 1.46]. 

Fenesi A, Botta-Dukát Z (2012): Phenotypic divergences induced by different residence time 

in invasive common ragweed. Journal of Plant Ecology 5:174-181 [IF 1.54]. 

Fenesi A, Albert Á-J, Ruprecht E: Fine-tuned ability to predict future competitive 

environment in common ragweed seeds (minor revision, Weed Research) [IF 2.04]. 

 

Articles related to the thesis 

 

Fenesi A, Ruprecht E, Vincze E (2009): Aggressively spreading exotic plant species in 

Romania. In Rákosy L, Momeu, L. (eds.): Neobiota in Romania, Editura Presa 

Universitară Cluj, p. 55-65. 

Ruprecht E, Fenesi A, Nijs I: Sudden changes in environmental conditions do not increase 

invasion risk in grassland Acta Oecologica 47: 8-15. [IF 1.62] 



 
 

17 
 

Ruprecht E, Fenesi A, Nijs I: Plasticity in functional traits and constancy in performance traits 

linked with invasiveness: an experimental test comparing invasive and naturalized 

plant species (under review, Basic and Applied Ecology). 

 

Conference participations related to the thesis 

 

Fenesi A, Albert Á-J, Ruprecht E: Fine-tuned ability to predict future competitive 

environment in common ragweed seeds. NEOBIOTA:  Halting Biological Invasions 

in Europe: from Data to Decisions, 7th European Conference on Biological Invasions, 

2012, Pontevedra, Spian (poster). 

Fenesi A, Rédei T, Botta-Dukát Z: Hard traits of three Bromus species in their source area 

explain their current invasive success. 12th EEF Congress, 2011, Ávila, Spain 

(poster). 

Fenesi A, Albert Á-J: Factors influencing the establishment of common ragweed (Ambrosia 

artemisiifolia L.) in a newly invaded area. 11th International Conference on the 

Ecology and Management of Alien Plant Invasions (EMAPi), 2011, Szombathely, 

Hungary (poster). 

Fenesi A, Botta-Dukát Z: Can we explain the invasion potential of three introduced Bromus 

species based on their performance in their native range? V. NEOBIOTA: Towards a 

Synthesis, 2008, Prague, Czech Republic (poster). 

Fenesi A, Botta-Dukát Z: Comparing the biological traits of short- and long-lived invasive 

species using the source-area approach. VIII International Conference on 

Anthropization and Environment of Rural Settlements, 2008, Katowice, Poland 

(poster). 

Fenesi A, Botta-Dukát Z, Rédei T, Barabás S: Can “triggering attributes” explain the presence 

of invasive plant species in undisturbed sandy plant communities in Hungary? 7th 

meeting on vegetation databases, 2008, Oldenburg, Germany (poster). 

Fenesi A, Botta-Dukát Z: Do short-lived and long-lived plant species differ regarding the 

traits associated with their invasiveness? 9th Ecology and Management Of Alien Plant 

Invasions Conference, 2007, Perth, Australia (poster). 

Fenesi A, Botta-Dukát Z: Testing the major predictions of the theory of plant invasiveness 

based on biological traits in the source area, 4th European Conference on Biological 

Invasions - From Ecology to Conservation, 2006, Vienna, Ausztria (poster). 


